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Preface to the second edition

Originally, it was the intention of both my son and
me that the German edition of “Praktische Hepato-
logie” should be followed by an English translation.
After Hans-Dieter’s premature death due to a serious
illness, I made it my aim to complete an English-
language version of the textbook by myself, knowing
that this would have been his great wish. The memory
of my dear son was an inspiration to me in my efforts
at all times.

It was a great sense of achievement for both author
and publisher that the first edition (2002) was sold
out within such a short period and that a reprint was
necessary. This fact, supported by the positive re-
sponse shown directly by readers and reviewers, was
the main motivation to prepare a second edition.

A decision was made to keep the well-established di-
vision of hepatology into six specialist areas; once
again, forty chapters were used. Each chapter has
been revised and updated with regard to content and
language. At the beginning, there is a detailed table
of contents and, at the end, a list of references. Like
its predecessor, the second edition contains a visually
comprehensive arrangement of the text into sections,
incorporating various script sizes and types as well
as 306 tables in half-tone colouring; significant con-
clusions are set in coloured boxes. A big, black dot
is inserted whenever the following sentence represents
a semantic leap from the preceding statement. (For
further details regarding the structural concept of the
chapters, see preface to 1st edition, page VII, para-
graph 2.)

Altogether, about 7,000 references have been cited, of
which some 1,500 have been replaced by more recent
papers, including many from 2005. The Vancouver-
style layout has been used again, since it proved to
be clear and easy to read. (For further details regard-
ing the extensive bibliography, see preface to 1st edi-
tion, page VII, paragraph 3.)

Every effort has been made to maintain and improve
the concept of citing, whenever possible, the first-
time authors of syndromes, clinical entities, morpho-
logical or clinical findings, imaging or endoscopic
techniques and conservative or surgical measures.
(For further details, see preface to 1st edition, page
VII, paragraph 4.)

The number of coloured figures has been increased
by 97 to a total of 477; developments in printing

VII

techniques make possible an even more colourful
presentation with brilliant reproduction. All the fig-
ures are integrated in the text-flow. In this way, a
hepatological atlas has been created, leading from
“seeing” to “understanding”, thereby facilitating dia-
gnostic and therapeutic “acting”.

My special thanks for their friendly assistance and
helpful advice go to the pathologists Prof. Dr. H.-P.
Fischer (Bonn) and Prof. Dr. G. Korb (Weiden), the
radiologist Prof. Dr. K. Rauber (Wetzlar), the hepa-
tologist Prof. Dr. J. Eisenburg (Munich), the virolo-
gist Prof. Dr. G. Berencsi (Budapest), the immunolo-
gist Prof. Dr. W. Storch (Weinheim) and the gastroen-
terologist Dr. G. Schmidt (Kreuztal). (In addition,
numerous colleagues offered their support in prepar-
ing the first edition; they are named in the preface to
1st edition � see page VII, paragraphs 5 and 6.)

The abbreviations or symbols frequently used in the
text are listed in the preface to the first edition (see
page VIII).

All my personal thoughts and emotional feelings,
which were written down in the first edition, are un-
changed. This applies also to the two quotations
from PARACELSUS at the beginning and end of the
book. But, above all, how extremely happy and
proud I would have been if my son Hans-Dieter
could have joined me as co-author in achieving our
common aim.

It is my sincere wish that this textbook will not only
promote interest in the field of hepatology, but also
deepen understanding of pathophysiological and
morphological changes regarding liver as well as sup-
porting successful application of the various diagnos-
tic and therapeutic possibilities.

Finally, I should like to express my gratitude to the
employees at Springer Publishing House (Heidelberg)
for their professional help in completing this book,
especially to Hinrich Küster, senior editor, and Meike
Seeker, project manager, who gave their encourage-
ment and kind support at all times.

Wetzlar, October 2005 Erwin Kuntz



Foreword to the second edition

The first edition of “Hepatology: Principles and
Practice” by Erwin Kuntz, which appeared in 2002,
was rapidly sold out. This was not astonishing since
the textbook offered a comprehensive, lucid and
scholarly presentation of liver disease. Informative
figures and tables made reading a pleasure. The se-
cond edition has now been revised and updated to
2005 by Erwin Kuntz. Once again, the author, a dis-
tinguished hepatologist, has produced an encyclope-
dic masterpiece of hepatology. The book combines a
complete scientific and historical discussion of the
many aspects of hepatology together with the wise
insight of a physician who has enormous practical
experience in caring for patients with liver disease.

The second edition has been enlarged to more than
900 pages, a change necessitated by the enormous
increase in our understanding of liver disease. The
number of references that are cited now stands at
7,000; references are given in full and in alphabetical
order, a feature that will prove most helpful to phys-
icians engaged in teaching and research. The judi-
cious use of color for figures and tables made the
first edition extremely attractive to the reader. This
practice is continued in the second edition which con-
tains a further 97 figures and 30 tables, making a
total of 477 figures and 306 tables. A special feature
is the quality of the superb laparoscopic and histo-
logical pictures. Indeed, the colored figures are of
such superior quality that they can be scanned di-
rectly for computer-based presentations. The histo-
logical illustrations are especially valuable as the
number of autopsies and liver biopsies continues to
decline worldwide. Moreover, these illustrations have
been integrated perfectly into the text. The pub-
lishers, true to their long tradition, have done justice
to the quality of this work in every way. The book is
not only a true handbook of liver disease, but also a
hepatological atlas.

Like its predecessor, the second edition also com-
prises 40 chapters. At the beginning of each chapter,
there is a complete table of contents, which, together
with the general index, makes it possible for the
reader to find specific topics easily. The first chapter
“History of Hepatology” is an indication of the
depth and breadth of the knowledge which the au-
thor brings to the current edition. This chapter con-
tains a richness of historical illustrations depicting

Ulrich F. Leuschner, M. D. Alan F. Hofmann, M. D.
Professor of Medicine, Professor Emeritus of Medicine
Johann Wolfgang Goethe University University of California, San Diego
Frankfurt/M., Germany La Jolla, USA

VIII

the birth of knowledge of this multifaceted organ.
The following chapters of the book show the pro-
found knowledge and interest of Erwin Kuntz in the
multiple spectra of hepatology. Each topic shows the
evolution of our knowledge and acknowledges by
name the individuals who contributed to our present
knowledge. In this way, hepatology is not only dis-
cussed as a contemporary branch of internal medi-
cine, but also related to the pioneering achievements
of our ancestors, who deserve our full respect and
recognition. The historical emphasis is global, rather
than European. Throughout the book, detailed histo-
logical depictions of hepatic pathology have been
fused with scientific aspects and clinical procedures.
All forms of treatment have been updated, so that
this work can be used as a manual of therapy which
will be highly useful to both practitioners and
teachers.

As Charles S. Lieber, New York, wrote three years
ago in his foreword to the first edition, such a text-
book could not have appeared at a better time. This
statement applies to the second edition in the year
2005. Great progress has been made in hepatology
with regard to diagnostics and therapy, and conse-
quently, the number of publications dealing with, for
example, the treatment of viral hepatitis has grown
immensely. Likewise, there is much new information
on the pathogenesis of autoimmune liver diseases and
so-called overlap syndromes. Thus it is essential that
the current body of knowledge is presented in an in-
tensive and accurate form.

It is a pleasure to know Prof. Dr. Erwin Kuntz per-
sonally. His enthusiasm for hepatology is contagious
and can be sensed in every chapter. To be shown his
enormous private library and pictorial archive is a
moving experience. This impressive collection con-
tains important papers and original monographs of
authors from past and present and provides the data
base for this fascinating textbook.

We would like to wish this new edition from Erwin
Kuntz the same resounding success which was en-
joyed by the first edition. We are convinced that the
book will not only find its place in every medical
library, but also be consulted repeatedly by scientists
and physicians who seek to understand how we can
use its contents to improve the care of our patients
with liver disease.



Preface to the first edition

It is a wonderful experience for a father to work with
his son on an enormous number of lectures, seminars,
courses, congresses and publications over a period of
many years. For a total of 35 (overlapping) years we
were both active as clinicians in the field of hepatol-
ogy. From this experience arose our wish to co-au-
thor a book on this fascinating subject. We were
greatly encouraged in this project by friends and col-
leagues. • The joint work, supported by an extensive
personal archive, a large number of clinical, endo-
scopic and morphological illustrations, and docu-
mentation of imaging technique findings, is intended
to serve as a teaching manual, a textbook, and a refer-
ence book � for use in the doctor’s surgery, in daily
clinical practice, and in the specialist fields associated
with hepatology.

After weighing up the various approaches and objec-
tives of the book, the concept of subdividing the sub-
ject matter into 40 self-contained chapters presented
itself. We set value on: � a systematic structure of
the chapters, � a coherent presentation of facts and
evidence, � a visually comprehensible arrangement
of the text into sections, incorporating various script
sizes and types, � half-tone colouring of tables and
conclusions considered to be of exceptional impor-
tance, � consistent cross-referencing of figures, tables
and text between different chapters, and the incorpo-
ration within the text of 276 tables, 380 figures, and
numerous boxed texts (all in colour). • A big, black
dot is inserted whenever the following sentence repre-
sents a mental leap from the preceding statement,
which enables a more structured approach. • Our
constant aim was to improve the readability and clar-
ity of the book.

Each chapter has an extensive bibliography. We used a
modified Vancouver-style layout, which we consider
clear and easy to read. Authors’ names (all authors are
listed in full in the chapter bibliography) appear in
semi-bold type and are ordered alphabetically for easy
reference. As far as possible, we subdivided more
extensive chapter bibliographies thematically. A total
of 7,300 publications up to 2001 are cited. This detailed
bibliography is intended to assist the interested reader
in exploring specific areas in more depth. • We have
therefore included both historical references and those
older publications which we consider of particular sig-
nificance or interest � there is always the danger, in
hepatology as well as in other fields, that such works
might regrettably become victims of our fast-moving
times. There is certainly a subjective influence in this
selection, and in this context any additions or correc-
tions to the bibliography will be gratefully received.

IX

A further conceptual concern was to cite, whenever
possible, the first authors of publications on syn-
dromes, clinical research, laboratory parameters, im-
aging or endoscopic techniques, morphological find-
ings of special interest, and conservative, invasive and
surgical procedures (and to correct previous informa-
tion given in the literature). In the past, the creative
or innovative ideas of these inaugurators have often
led directly to significant progress or have served as
a new starting point for subsequent, ground-breaking
developments. Despite arduous research, it has not
always been possible to attribute work correctly to
the first author(s). Yet, the notable achievements of
earlier physicians, clinicians and scientists deserve to
be remembered with respect! In this connection, fur-
ther information or corrections will be welcomed.

The extensive selection of colour illustrations incorpo-
rated into the text covers a wide range of clinical and
morphological findings in hepatology: it is designed
to lead from “seeing” to “understanding”, thereby fa-
cilitating diagnostic and therapeutic “acting”. Al-
though we had collected an extensive picture archive
of our own over a period of more than 30 years of
clinical practice, we were nevertheless able to comple-
ment this and close any gaps thanks to numerous il-
lustrations and impressive findings generously made
available to us by colleagues. My special thanks for
their friendly assistance go to the pathologists Prof.
Dr. H.-P. Fischer (Bonn) and Prof. Dr. O. Klinge
(Kassel), and to the radiologists Prof. Dr. K. Rauber
(Wetzlar) and Prof. Dr. R. Heckemann (Bochum).
Some very valuable documentations of findings could
be used by courtesy of Prof. Dr. J. Eisenburg (Mu-
nich), Prof. Dr. K.-M. Müller (Bochum), Prof. Dr. G.
Piekarski (Bonn), Prof. Dr. H. Thaler (Vienna), Prof.
Dr. G. Volkheimer (Berlin), Prof. Dr. O. Vorländer
(Berlin), and Prof. Dr. W. Wermke (Berlin).

We repeatedly enlisted the helpful advice of friends
and colleagues to supplement or confirm our own
interpretations. Our opinions not infrequently di-
verged (and in the field of hepatology, this can only
be an advantage) and personal opinions were modi-
fied or confirmed. The contacts arising from these
discussions have been immensely rewarding to me.
Here I should like to express my special thanks to:
Prof. Dr. G. Berencsi (Budapest), Prof. Dr. R. Klein
(Tuebingen), Prof. Dr. H. K. Seitz (Heidelberg) and
Prof. Dr. W. Storch (Weinheim). • Very many thanks
for advisory support also go to: Prof. Dr. H.-R.
Duncker (Institute of Anatomy, Univ. of Giessen),
Priv. Doz. Dr. Marietta Horster (Institute of Classics
and Ancient History, Univ. of Cologne) and Prof. Dr.



Preface

N. Katz (Institute of Biochemistry, Univ. of Giessen).
• Receiving such varied and kind assistance and ad-
vice has filled me with gratitude and encouragement
during the years spent compiling this book.

In preparing the book my thoughts and my loving
gratitude have constantly been with my son, Hans-
Dieter, whose death was so sudden and incomprehen-
sible to us all. I have tried to represent his inspira-
tions and detailed ideas as well as incorporating his
particular clinical insights. This volume is thus our
joint life’s work. He will always be remembered as an
example to us all.

At the beginning and end of the book I have pur-
posely cited two quotations from PARACELSUS which
have always made a deep impression on me. • In the
course of such intensive engagement with the history
of hepatology, one is repeatedly filled with respect
and admiration for how our forebears, solely through
sight, hearing and touch, and an ingenuity of meth-
ods � and through logical deduction � drew medical
conclusions, recognized correlations and established

Frequently used abbreviations and symbols in the textbook are listed in alphabetical order below:

s. fig. see figure ca. circa a.-v. arterio-venous
s. figs. see figures e. g. exempli gratia, for example N.B. nota bene, important
s. p. see page etc. et cetera, and so on i. m. intramuscular
s. pp see pages i. e. id est, that is i. v. intravenous
s. tab. see table quot. quoted, quotation s. c. subcutaneous
s. tabs. see tables vs versus v. v. vice versa, conversely

As regards the half-tone colouring and colour intensity, blue is used � as far as possible � for normal findings,
classification, causes, indications, therapy regimen, etc., red applies to pathological findings, contraindications, com-
plications, side effects, etc., yellow to methods, test procedures, etc., and grey to historical details.

Medical and technical terms, orthography and hyphenation in this textbook are based on: (1.) P. Procter (editor): Cambridge International
Dictionary of English (Cambridge Univ. Press) 1999, 3rd edition; (2.) J. Crowther (editor): Oxford Advanced Learner’s Dictionary (Oxford
Univ. Press), 1999, 5th edition; (3.) J. Dorland, W. A. Newman (editors): Illustrated Medical Dictionary (W.B. Saunders, Philadelphia, et al.),
2000, 29th edition; (4.) F. J. Nöhring (editor): Langenscheidt’s Fachwörterbuch Medizin (Langenscheidt, Berlin, et al.), 1996, 3rd edition; (5.)
W. E. Bunjes (editor): Medical and Pharmaceutical Dictionary (Thieme, Stuttgart, et al.), 1985, 4th edition; (6.) S. Dressler (editor): Diction-
ary of Clinical Medicine (Chapman & Hall, London, et al.), 1996.

X

an astounding body of theoretical and practical
knowledge. Many of these empirical findings were
subsequently confirmed � some (still) remain “em-
pirical”, without, however, having been disproved.
“Empiricism, Intuition and Logic” (R. Gross, Co-
logne, 1988) will always be the leitmotif of the phys-
ician! • The considerable and fascinating develop-
ments in hepatology, especially those of the last ten
years, remain a central theme. • The current stage of
this development may well become known as the 4th

(biomolecular) epoch of hepatology, as I have pro-
posed in the first chapter of our book.

Finally, my thanks to the employees at Springer for
the speedy completion of this book and especially to
Jörg Engelbrecht and Dr. Dorothee Guth for their
encouragement and kind support at all times.

Wetzlar, July 2001 Erwin Kuntz



Foreword to the first edition

The textbook “Hepatology. Principles and Practice”
by Erwin Kuntz and Hans-Dieter Kuntz will un-
doubtedly become an international landmark. It re-
flects the scholarship, encyclopedic knowledge of the
authors and the outstanding craftsmanship of the
publishers. Professor Erwin Kuntz’s stature was not
only well established in Germany and the rest of Eur-
ope but his fame had crossed the Atlantic and I have
known of him for many years. I also had the privilege
of getting acquainted with him personally at an inter-
national meeting on phospholipids in Cologne in
1989 where I had the pleasure of enjoying both his
intellectual and his broad humanistic qualities.

The book is not only an unusual combination of an
extremely thorough textbook of all aspects of hepat-
ology, including important pathogenic mechanisms
and their clinical application, but it also has a very
didactic approach which effectively highlights most
points while not neglecting those details the academ-
ician or practitioner may want to find for needed clari-
fication. It synthesizes more than 30 years of prac-
tical experience in clinical hepatology. Accordingly, it
can be used as a teaching manual for students, post-
graduate clinicians and practitioners, as a textbook
for internists, gastroenterologists and hepatologists,
as well as a reference book for teachers, scientists and
authors. The original text has been revised and up-
dated to 2000/2001. The bibliography now consists of
about 7,300 papers and the number of colored figures
has been increased to 380. It is a distillate of hun-
dreds of personal publications and presentations and
thousands of literature references of classic and
contemporary scholars. The information is presented

Charles S. Lieber M.D., M.A.C.P.
Professor of Medicine and Pathology
Mount Sinai School of Medicine
Director, Alcohol Research Center &
Section of Liver Disease & Nutrition
Bronx VA Medical Center
New York, USA

XI

in such a way that it makes the facts very accessible
and the chore of retrieval becomes a pleasure. The
very vivid display of information gives unique in-
sights providing a very rational approach to the
practice of hepatology. This volume brilliantly
achieves the basic aim of its authors, which is to
guide the user from “seeing” to “understanding” and
finally to “acting”.

The book could have come at no better time. There
is real blossoming of hepatology worldwide and its
importance has increased logarithmically with the
availability of transplantation and the pandemic of
hepatitis C, with effective treatments finally evolving.
Diagnostic procedures have also gained much greater
sophistication and “interventional” hepatology is
now finally on the rise. Being familiar with German,
I had the pleasure of enjoying the original textbook
but felt envious that this opus was limited to those
fluent in that language. I am delighted to see that
this work will now be shared worldwide in an English
edition which has been thoroughly updated, with the
most recent concepts and therapies reported and
carefully assessed. Its comprehensive yet crisp and
clear presentation will open the gates of hepatology
to all health professionals. Last but not least, this
work represents the highly humanistic qualities of its
authors and is obviously an act of life time love, with
abundant citations not only to our modern masters,
but also giving proper credit to those who preceded
them. Hippocrates already stated that the liver was
the site of the soul; it is obvious that both Erwin
Kuntz and his son, Hans-Dieter, have put their souls
in this opus.
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“... because the liver is a source of many diseases,
and is a noble organ that serves many organs,

almost all of them: so it suffers, it is not a small
suffering, but a great and manifold one”

Theophrastus Bombastus von Hohenheim,
known as Paracelsus (1493�1541)

(Liber tertius paramiri, de morbis ex Tartaro.
St. Gallen, 1531)
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1 History of Hepatology

Hepatology from ancient to
modern times

Over the millennia, the conception of the liver has been
subject to more remarkable change than that of almost
any other organ. • In antiquity, mantic, religious and
speculative thinking combined with anatomical and
physiological observations resulted in a most imposing
body of knowledge concerning the liver. • The features
and disease processes of the liver were described more
accurately than in the case of any other organ, and
modern medicine has repeatedly afforded resounding
confirmation of those ancient observations.

It may therefore be both interesting and instructive
to trace the roots of our present knowledge of hepa-
tology back to antiquity and to commemorate with
admiration and respect the tireless spirit of medical
and scientific research in this area.

1 Liver research in antiquity

Even in primeval times, the liver must have been well-
known as the most powerful and most blood-rich
organ of the animal body. Varied and important pro-
cesses were attributed to this impressive part of the
entrails � it was even regarded as the “seat of life”.
• The Indo-Germanic word “lı̂p” meant both liver
and life, and there are obvious similarities between
the English “liver-live/life” (Old English: “lifer-lı̄f”)
and the German “Leber-Leben”. In Old High Ger-
man, the liver was termed “leb(a)ra”. The Hebrew
“kábe(r), kábe(d)” (or “cheber”) is the probable root
of the Greek word “hepar”.

1.1 Hepatoscopy

Evidently, priests and fortune-tellers at that time be-
came interested primarily in the liver and thus great
mantic-religious significance was attributed to this or-
gan. For the Babylonians and Assyrians, the inspection of
entrails, in reality inspection of the liver, was the most
important method of foretelling events. This “hepa-
toscopy” was based on the premise that the god to
whom the sacrifice was offered would show his pleasure
by revealing the future through variations in the appear-
ance of the sacrificial animal’s liver.

The sacrificial priests of Mesopotamia had acquired a
precise knowledge of the size, colour and external struc-
ture of the animal liver, especially that of the sheep �

2

the most commonly used sacrificial animal. They as-
signed specific names to the individual parts of the liver
and gall bladder and to their different variations in form
and appearance, reflecting similarities to everyday ob-
jects such as mountains, rivers, roads, nose, ear, tooth,
hand, finger, etc. Hepatoscopy was carried out in ac-
cordance with stipulated ceremonial rites and in the face
of an image of a god. It was limited to assessing the
outer appearance of the liver; the organ itself was not
dissected.

The Babylonian sacrificial priests taught the art of hepa-
toscopy systematically, using specially devised models
of the liver. These models also served as topographical
aids for the mantic interpretation of variations in the
appearance of the animal liver. The no doubt oldest clay
model of a sheep’s liver is from a Babylonian temple
and dates from ca. 2000 BC. (s. fig. 1.1) Clearly recogniz-
able on the concave surface are 2 lobes: the coniform
gall bladder with the cystic duct and the caudate lobe
with the pyramidal process and the smaller papillary
process (�). Carved lines divide the lower surface into
approximately 40 small, rectangular fields, which con-
tain cuneiform inscriptions of sacral symbols and man-
tic readings, one of the recurrent themes being “May
your liver be smooth”. • Many of the rectangles show
small holes, presumably used to insert tiny wooden pins
according to the variations in form observed in the ani-
mal liver. Such a topographical fixation of findings fa-
cilitated a more accurate prophecy.

Fig. 1.1: Babylonian terracotta model of a sheep’s liver with papil-
lary process (�), ca. 2000 BC (British Museum, London) (11)

Sumerian culture has also yielded artefacts concerned
with hepatoscopy. More than 30 such clay models of the
liver with cuneiform inscriptions dating from the 17th
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Fig. 1.2: Sumerian clay model of the liver, 1700�1600 BC (excav-
ations of Mari) (17)

century BC were found during the excavations of Mari.
(17) (s. fig. 1.2)

Further clay models with cuneiform inscriptions dating
from the 13th�12th century BC were also unearthed
during the excavations of Bogazköy (1933/34). (9) (s.
fig. 1.3)

Fig. 1.3: Sumerian clay model of the liver, ca. 1260 BC (excavations
of Bogazköy) (9)

The art of hepatoscopy spread from Mesopotamia to
Greece, where it received widespread acceptance, as evi-
denced by various illustrations and accounts of the in-
spection of entrails. Euripides (Elektra, 826�829) de-
scribed hepatoscopy as follows: “Aigisthos took the en-
trails in his hands and inspected them. Now the liver had
no head, while the portal vein and nearby gall bladder
revealed threatening events to the one who was observing
it.” • Hepatoscopy was applied not only in political de-
cision-making, but also in foretelling the medical prog-
noses and life events of prominent persons. Babylonian
hepatoscopy was also referred to in the Old Testament
(Ezekiel 21, v. 21): “For the king of Babylon stood at the
parting of the way, at the head of the two ways, to use
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divination: he made his arrows bright, he consulted with
images and he looked at the liver.”

A red-figured illustration on a Greek bellied amphora
by Euthymides shows an animal liver being presented to
a Greek hoplite before his departure to do battle in the
Theban War. (14) (s. fig. 1.4)

Fig. 1.4: Red-figured illustration of inspection of the liver on a
Greek bellied amphora (14)

The same motif of liver inspection with soldiers de-
parting for battle appears in black on an Attic neck am-
phora (2) (s. fig. 1.5) as well as on an amphora of pan-
Athenian form. (18) (s. fig. 1.6)

Fig. 1.5: Black-figured illustration of inspection of the liver on an
Attic neck amphora (2)

The Etruscans also appear to have adopted hepatoscopy
from the Babylonians and Assyrians. Etruscan fortune-
tellers were particularly renowned and served so to
speak as teachers of the Romans both in augury and in
religious rites. Thus the Etruscans virtually held sole
rights to carry out the inspection of the liver (Livius 1,
56, 5). M.T. Cicero (106�43 BC) always referred to the
haruspices as “etrusci”. Liver models such as that of a
sheep’s liver cast in bronze (3rd�2nd century BC) and a
clay liver model (2nd century BC) (6) have survived from
the Etruscan civilization. Circular and radial carved
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Fig. 1.6: Black-figured illustration of inspection of the liver on an
Attic amphora of pan-Athenian form (18)

lines can be seen on the former model, forming approxi-
mately 40 small subdivisions containing Etruscan sym-
bols and names of gods. In addition, a pear-shaped gall
bladder, the pyramidal process and the papillary process
are mounted on the flat, stylized depiction of the vis-
ceral face of the animal liver. (s. figs. 1.7, 1.8, 1.9)

Fig. 1.7: Etruscan model of a sheep’s liver in bronze, 300�200 BC
(Museo Civico, Piacenza) (6)

Fig. 1.8: Etruscan model of a sheep’s liver in bronze, 300�200 BC,
showing inscriptions (Museo Civico, Piacenza) (6)

Such liver inspections are also depicted on burial urns,
vases and hand mirrors. The bearded, winged figure of
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Fig. 1.9: Etruscan clay model of a liver, ca. 200 BC (excavations of
Falerii) (6)

the sacrificial priest Kalchas, son of Thestor, is shown
inspecting an animal liver on an Etruscan bronze
mirror. • Homer once said about him: “He knew what is,
what has been, and what will be.” (s. fig. 1.10)

Fig. 1.10: Etruscan hand mirror in bronze, 500�400 BC: Kalchas

(son of Thestor of Mykene), the most famous of the sacrificial
priests, inspects the animal liver with large caudate process; on the
table are the trachea and lungs of the sacrificial animal (6)

In addition to the pyramidal process, the left and right
lobes of the liver (pars hostilis and pars familiaris,
respectively) were differentiated. Predictions pertaining
to the questioner were derived largely from the appear-
ance of the pars familiaris, whereas those concerning his
opponent were derived from the pars hostilis. On the
basis of the presence or absence of specific individual
features in the sacrificial liver, favourable and unfavour-
able influences were defined and weighed up, thereby
allowing pronouncement of the final prediction. If the
edge of the liver fell towards the right, the imminent
recovery of the sick person was assured; furthermore,
the questioner would live or survive if the gall bladder
was long.

Numerous predictions based on hepatoscopy have
proved to be of historical interest : the victory of the
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emperor Augustus in the naval battle of Actium (31 BC)
was predicted by the haruspices on the basis of an
enlarged, double gall bladder; by contrast, the absence of
a pyramidal process gave advance warning of the death of
the consul Marcus Marcellus in the battle against Han-
nibal (208 BC); this ominous portent also foretold the
emperor Caligula his imminent murder (41 AD) and the
emperor Claudius his death by poisoning (54 AD) with-
out, however, being able to prevent these assassinations.

From the Babylonian and Assyrian civilizations to
the fall of the Roman Empire � for more than 2,000
years � hepatoscopy was firmly established in the
human belief system. It frequently influenced the
lives and determined the major decisions of import-
ant people, and thus also affected the fate of entire
nations and civilizations.

1.2 Mythological-speculative medicine

1.2.1 Liver as the seat of inner emotions

The Egyptian Papyrus Ebers (ca. 1550 BC) is one of the
oldest known medical documents. It contains the first
descriptions of the liver in a speculative medical sense
and regards it as the seat of inner emotions: “Four ves-
sels lead to the liver, supplying it with air and water, and,
being overfilled with blood, influence the occurrence of all
sorts of illness”; or: “The wrath of the heart results from
ebullition of parts of the liver and rectum.”

The Babylonians’ medical concept of the liver, based on
detailed knowledge of hepatoscopy, was likewise purely
speculative. For them, the liver was the seat of emotions,
feelings, desires and sexual potency.

Further references to the liver as the seat of emotional
life are found in the Old Testament, for example in the
lamentations of Jeremiah (Lamentations 2, 11): “Mine
eyes do fail with tears, my bowels are troubled, my liver is
poured upon the earth because of the misery of the
daughter of my people ...”

The Greeks similarly perceived the liver as the seat of
feelings and rage as well as of the soul. In his “Ti-
maios”, Platon (427�347 BC) described the liver as the
location of the “desiring soul”, which he subordinated
to the “rational soul” of the head. (3) Horatius desig-
nated the liver as the organ of love (10), whereas Juvena-

lis saw it as the seat of anger. (12)

� The significance of the liver (and bile) in emotional
life is reflected to the present day in the form of familiar
quotations such as: „eine Laus über die Leber gelaufen“
(German) (literally: a louse has crawled over his liver;
meaning: something is biting him); „frei von der Leber
weg reden“ (German) (literally: to speak straight from
the liver; meaning: to speak one’s mind); „sich gelb und
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grün ärgern“ (German) (literally: to be yellow and green
with anger; meaning: to be black with anger); „die Galle
hochkommen lassen“ (German) (literally: it rouses my
bile; meaning: it makes me angry or indignant). The
possession of “liver spots” (German: „Leberflecken“)
was attributed to the immoral tendencies of the bearer.

1.2.2 Liver and mythology

Mythology dominated the Greeks’ medical concept of
the liver. Hesiod (8th century BC) and Aischylos (525�456
BC) wrote of PROMETHEUS, who was fastened to a rock in
the Caucasus mountains by the gods: As a punishment
for his having brought back the gift of fire to the mor-
tals, he was chained to a rock, and an eagle came each
day (or every second day) to eat away at his liver, which
regenerated itself each night (4) � the first record of the
regenerative capacity of the liver! Such a fate also befell
TITYOS, the son of Gaea, on whose liver two vultures fed
in the underworld (s. fig. 1.11) (Odyssey 11, 576�578):
“And I saw Tityos, son of magnificent Gaea, lying on the
ground. Over nine roods he stretched, and two vultures
sat, one on either side, and tore his liver, plunging their
beaks into his bowels, nor could he beat them free. For he
had offered violence to Leto, the glorious wife of Zeus.”

Fig. 1.11: Vultures devour the liver of Tityos in the underworld;
the liver regenerated itself each night

The position of the liver in the right upper abdomen
and its close proximity to the diaphragm are described
by Homer, and a stab wound in the liver was regarded as
a fatal injury. Only when one had taken possession of
an enemy’s liver was the latter deemed truly dead. Thus
Hecuba, craving revenge for her dead son Hektor, de-
manded the liver of Achilles (Iliad 24, 212). This concep-
tion is illustrated throughout the epic (Iliad 11, 579; 13,
412; 17, 349) and particularly in the twentieth stanza
(Iliad 20, 469): “... but he smote him upon the liver with
his sword, and forth his life slipped, and the dark blood
welling therefrom filled his bosom; and darkness enfolded
his eyes as he swooned.”
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1.3 Natural-philosophical medicine

During the 5th and 6th centuries BC, “logos” began to
supersede “mythos” in liver research, as in other fields.
• Thus DIOGENES OF APOLLONIA (ca. 430 BC) described a
symmetrical vascular supply system, in which the spleen
and liver were regarded as a paired double organ. He
named the major blood vessel leading from the liver to
the right axilla and hand “hepatitis” and that which
connected the spleen with the left hand “splenitis”.
Bleeding of the vein running from the right arm to the
royal (“basilikos”) inner organ was the recommended
treatment for liver disease; this vein is still known as
basilic vein even today.

EMPEDOKLES OF AGRIGENT (490�430 BC) viewed the
liver as the central organ of both the vascular system
and nutrition. The liver was generally accepted as being
the site of biligenesis, although PHILOLAOS OF CROTON

postulated extrahepatic bile production. ANAXAGORAS OF

KLAZOMENAE (500�428 BC) believed bile to be the cause
of numerous illnesses.

1.4 Corpus Hippocraticum
� The Hippocratic manuscripts were written not only by HIPPO-

CRATES (460�377 BC), but by numerous physicians living at differ-
ent periods of time; they were subsequently compiled into the Cor-
pus Hippocraticum. The medical opinions � including those deal-
ing with the liver � thus often diverge significantly from one an-
other. Common to all Hippocratic physicians, however, is the
“Doctrine of the Fluids” (cardinal humours), which underlies all
their medical postulations. Good health depended on the harmoni-
ous mixing, circulation and effects (“eucrasia”) of the 4 fluids �
blood, yellow bile (choler), mucous and black bile (melancholy) �
while a preponderance of or qualitative change in one of the fluids
(“dyscrasia”) led to illness. Treatment consisted in restoring the
“life-balance” (“diaita”, i.e. Greek for “dietetics”).

The liver was held to derive from the transformation of liquid
blood into a solid, rigid mass. It comprised 5 lobes, with the gall
bladder lying over the 4th lobe. The conception of the sacrificial
priests regarding the anatomy of the liver, while known to the Hip-
pocratic physicians, was not further developed medically, yet the
few technical terms deriving from these sacrificial priests were sub-
sequently adopted. In accordance with the doctrine of Diogenes,
the vein of the liver was designated “hepatitis phleps”; it roughly
corresponds to the superior vena cava with its extension to the
vein of the right arm. The liver was viewed as the central point
of the entire venous system; the intrahepatic branches of a blood
vessel were described, and the course of a vein from the navel to
the liver(!) was determined. The excretion of bile into the intestine
and into the urine was also known.

The Hippocratic physicians used abdominal palpation to
diagnose a liver disease and already recognized as symp-
toms jaundice, dropsy, decolourized and foul-smelling
stools, fever, itching, rumbling of the intestine and up-
per abdominal pain. Liver pain was believed to derive
directly from a folding over of the hepatic lobe. Jaun-
dice, according to their interpretation, resulted from the
inundation of the body with bile due to dyscrasia.
Dropsy was regarded as a consequence of a melting of
the liver. To this excellent collection of symptoms was
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added the observation that dark stools (tarry stools!)
presaged imminent death. Echinococcal infection of the
liver was also mentioned. • Indeed, one impressive con-
clusion was that the consumption of raw ox liver soaked
in honey was the correct treatment for liver disease and
night blindness. A liver abscess was to be opened with
a red-hot knife (� cautery).

1.5 Aristoteles of Stagira

A new epoch in liver research was heralded by the estab-
lishment of a comparative approach to anatomy and
physiology by ARISTOTELES OF STAGIRA (384�322 BC).
He described the extrahepatic bile ducts for the first
time and disputed the Hippocratic concept that bile was
one of the cardinal fluids of the body and that it caused
disease. Bile seemed to him to be an irrelevant secretion.
He was the first to distinguish between the hepatic ar-
teries and veins with their open intrahepatic endings
and also differentiated the portal vein within the venous
system; he introduced the term aorta. Aristoteles re-
garded the task of the liver to be the digestion of food
(“pepsis”) and the cleansing of the blood, the latter
function being supplemented by the lungs. • The liver
and lungs were thus conceived as being complementary
excretory organs of the body. The functioning of the
liver was considered decisive for a person’s life span.

1.6 Alexandrian School of Medicine

HEROPHILUS OF CHALCEDON (ca. 330�250 BC) already
distinguished two hepatic lobes. Although he still be-
lieved that the venous vessels originated from the liver,
he was the first to describe the portal vein system and
to recognize its significance as the draining site of all
resorbent intestinal veins.

ERASISTRATUS OF KEOS (ca. 300�250 BC) coined the
term “parenchyma” (i.e. poured out beside) for liver tis-
sue, based on the belief that it was formed by coagula-
tion of the blood released from the hepatic vessels. For
him, however, liver parenchyma was a completely use-
less structure. He also described for the first time the
“choledochos”, which he believed absorbed the redun-
dant and rather harmful bile (transported into the liver
with the portal vein blood) from the intrahepatic bile
ducts, and conducted it away. This separation of bile
from blood in the liver was allegedly effected by the
different viscosities of the two fluids and the different
diameters of the adjacent (!) intrahepatic bile ducts and
blood vessels. Stoppage of the bile flow would lead to
jaundice (obstructive icterus!) and inflammation of the
liver. He attributed the dropsy commonly associated
with liver disease to a hardening of the liver, which he
termed “skirros”: this compressed the intrahepatic ves-
sels, diverting the flow of the watery fluid into the abdo-
men. Based on this surmise, he rejected the practice of
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puncturing an ascites (� paracentesis) as being an un-
necessary and non-causal therapeutic measure (!).

1.7 Roman Medicine

In the eight volumes of “De medicina”, which have been
preserved to the present, A. C. CELSUS (ca. 30 BC�50
AD) reviews the entire field of medicine of that time and
introduces precise Latin terminology. He supplied an
impressive description of liver surgery, which � because
of the organ’s richness in blood � was already being
performed using red-hot (“cautery”) knives (!). He
termed dropsy “ascites” and linked it not only to liver
disorders, but also to diseases of the spleen and gener-
ally bad health (carcinoma?); he regarded paracentesis
to be a good measure. Reflecting the idea of the liver as
the “royal” organ, he named jaundice “morbus regius”:
the diet prescribed for liver patients was so complicated
that only royalty could afford such a costly therapy. He
recommended bed rest and “psychotherapy” for the
treatment of jaundice: “One should have a good bed in a
tasteful room, seek relaxation and good humour, and take
heart from the comforting pleasure which will relieve the
soul.”

Based on the Corpus Hippocraticum, PLINIUS THE

ELDER (23�79 AD) recommended treating liver diseases
by means of wolf’s liver with honey or by means of
donkey’s liver with parsley and honey. • Treatment of
liver diseases based on the use of poultices and laxatives,
which is still known in modern times, dates back to the
recommendations of CAELIUS AURELIANUS (5th century
AD). He also described the discolouration of urine as-
sociated with jaundice.

RUFUS OF EPHESUS (1st�2nd century AD) differentiated
the portal vein system and the veins and arteries of the
liver. He also regarded yellow bile as a waste product
and black bile as the dark sediment of the blood. He
even distinguished between febrile and obstructive ic-
terus. He deduced that the term “icterus”, already used
at that time for jaundice, derived from the bright yellow
eyes of the pine marten (iktis). The skin colour of the
jaundiced patient was also compared to a yellow stone
(ikterios lithos) and to a yellowish-green lizard as well
as to a yellow bird called the golden oriole (ikteros), the
sighting of which by a jaundiced patient would effect a
cure while at the same time killing the bird (as docu-
mented about 50 years earlier by Plinius the Elder [see
above]: Nat. Hist. 30, 93). (1, 7, 15, 16)

1.8 Galenos of Pergamon

The body of medical knowledge that had accumulated
since the 5th century BC and which was in places com-
pletely contradictory was now compiled by GALENOS OF

PERGAMON (131�201 AD) into an immense work, sup-
plemented and corrected by a wealth of his own investi-
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gations. Galenos (s. fig. 1.12) thus created a phenomenal,
self-contained medical system that enjoyed dogmatic
validity for over 1,500 years.

� Galenos described the anatomy of the liver in greater detail than
had ever been done before. In addition to separating the hepatic ar-
teries from the veins, he recognized both the ramifications of the
intrahepatic vessels and the capillary junctions of the portal vein sys-
tem and hepatic veins. The conception of the liver as the origin of
the venous system was retained. Liver parenchyma was held to
derive from the solidification of blood under the influence of body
heat. Having detected no morphological differentiations, Galenos

described the fine structure of the liver as “simple”. The organ was
thought to be a vegetative centre controlled by the brain via the liver
nerve (vagus) � a view previously put forward by Platon in his “Ti-
maios”. He also adopted to a great extent the Platonic doctrine re-
garding the “trinity of the soul”, according to which the “psyche epi-
thymetike” was to be found in the liver. The nutritive, or vegetative,
liver was said to be superior to all the other abdominal organs: the
essential life forces (“dynameis physikai”) likewise originated here.
The excretory organs � spleen, gall bladder and kidneys � were al-
legedly responsible for cleansing the liver. The metabolism of the
liver was thus described as being directed by 4 vegetative forces: the
attracting force drew the nutrient fluids from the intestine, the retain-
ing force held the chylus in the liver vessels, the transforming force
mediated the transformation of the nutrient substances into blood,
and the expelling force propelled the blood through the hepatic veins
to the other body organs. Thus the gall bladder attracted bile from
the liver via extremely fine intrahepatic bile ducts with minute open-
ings which terminated (!) in the liver; the retaining force facilitated
the accumulation of bile in the gall bladder, and the expelling force
drove it into the intestine. The liver was considered the source of heat
generation which warmed the stomach like a saucepan, making it
the site of the first “pepsis”. The nutrient fluids thus generated
flowed into the mesenteric and portal veins, where they were thought
to undergo a second “pepsis”. The parenchyma allegedly produced
blood from the transformed and by now blood-like chylus.

Fig. 1.12: Galenos of Pergamon (131�201 AD) (129�199 AD?)
(Medical Academy Paris; photo by René Jacques, Paris)
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� Galenos was the first to ligature the liver veins of live animals
in the interests of liver research. He held the opinion that further
biological reactions must occur in the liver parenchyma. He also
recognized the peristalsis-stimulating effect of yellow bile (!). Fol-
lowing the older description of Rufus of Ephesus, Galenos differen-
tiated various forms of icterus in a way almost identical to modern
thinking: (1.) icterus could occur as a result of inflammation, hard-
ening or compression of the choledochus, (2.) icterus could de-
velop at the crisis of a feverish illness, (3.) obstruction of the ex-
cretion of bile from the liver could cause jaundice, and (4.) icterus
could result from the transformation of blood into bile, e.g. after
a poisonous animal bite. These ideas are almost identical to the
modern pathogenic concepts of mechanically, toxically or haemo-
lytically induced icterus.

GALENOS’ morphological and pathophysiological
conceptions based on animal experiments served as
unchallenged dogma for over 1,000 years. He may
justifiably be regarded as the founder of scientifically
orientated hepatology.

2 Liver research in the Middle Ages

Liver research in the following centuries was generally
stagnant and bereft of new ideas. It is true that Arabian
medicine led by RHAZES (865�926) underwent a revival
and that AVICENNA (980�1037) supplied a compendium
on the art of Galenic and Arabian medicine in his 5-
volume “Canon medicinae” � nevertheless, Arabian
medicine did not contribute any new morphological or
physiological findings to the body of knowledge regard-
ing the liver.

Anatomia Mundini: It is not known in which way the fam-
ous anatomists of that time � Herophilos and Erasistratos

(s. p. 6) as well as Galenos (s. p. 7) � obtained their know-
ledge about the human body. All previous descriptions re-
garding the anatomy of the liver were recorded in 1316 by
MONDINO DE LUZZI (Bologna) in his “Anatomia Mundini”.
This work is based on autopsies which he carried out for
the very first time in public in 1306 and 1315. This un-
precedented textbook of anatomy served as a canon for
almost two centuries. (s. fig. 1.13)

LEONARDO DA VINCI (1452�1519) can be regarded as the
greatest universal genius in the history of mankind. In
the field of hepatology, he studied the portal vein sys-
tem, the intrahepatic vessels and the bile-duct system in
an excellent manner. He did not publish his first-rate
observations, which therefore remained unknown for a
long time.

PARACELSUS: The bitter attacks by Theophrastus Bom-
bastus of Hohenheim, known as Paracelsus (1493�
1541), against the doctrines of Galenos and Avicenna

heralded the end of the first epoch of liver research (ca.
2000 BC � ca. 1500 AD). Paracelsus also initiated the
era of iatric chemistry. He regarded the liver as the site
of chemical and material transformations, particularly
the processing of nutrient and metabolic “mercurial”
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Fig. 1.13: The visceral surface of the multiple-lobed liver (A), with
the gall bladder (B), portal vein (D), bile duct, bile system (C, E)
(“Anatomia Mundini”, 1316) (Mondino de Luzzi, Bologna)

substances. The emphasis was no longer on the “di-
gestio” but on the “separatio” of substances inside the
liver. (s. fig. 1.14)

Fig. 1.14: Paracelsus (1493�1541) (Jan van Scorel, Louvre Mu-
seum, Paris; colour photo by Laniepce, Paris)
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In his book “De origine morborum ex tartaro” (1531),
PARACELSUS described the role of the liver as follows:

“... because the liver is a source of many diseases, and
is a noble organ that serves many organs, almost all of
them: so it suffers, it is not a small suffering, but a
great and manifold one.”

VESALIUS: An anatomical and historical demarcation
line between the ancient and the more modern and
scientific doctrine was drawn in 1543 with the publi-
cation of “De corporis humani fabrica libri septem” by
A. Vesalius (1514�1564), who thus became the founder
of contemporary anatomical science. He introduced a
uniform Latin nomenclature. (19) Supported by careful
investigations, the morphology of the liver and its blood
vessels was presented in exact detail for the first time in
the seventh book. (s. fig. 1.15) The previously held belief
that the liver comprised 4 or 5 distinct lobes was dis-
credited, and the Galenic dogma that the liver is the
origin of the venous system was rejected. He did, how-
ever, adopt the Galenic concepts of liver function. He
recognized the foetal connection between the portal vein
and the inferior vena cava (1561), subsequently termed
the ductus venosus Vesalii, and not “Arantii”. (Note: G.
C. Aranzi did not discover the D. venosus until 1564.)
(15: vol. I/p. 67!)

Fig. 1.15: Illustration of the human visceral liver surface by A.
Vesalius, 1543 (19)

Blood circulation: With the new doctrine of the blood
circulatory system by W. Harvey (1578�1657), the old
hepatological theory collapsed. The arteries were now
regarded as nutrition-bearing vessles. The liver was no
longer deemed the site of blood production, but was
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integrated in the venous arm of the blood circulatory
system. It was seen as a point of collection and storage
for chylus and nutrients (1628).

GLISSON: In 1654 F. Glisson (1597�1677) published the
first comprehensive monograph on the liver, which was
to serve as an authoritative research work of reference
for the next two centuries. (8) The inner structure of the
liver, characterized by its intrahepatic vascular vessels,
the differentiation of liver segments (!) through the large
branches of the portal vein, the terminal regions of the
blood capillaries and bile capillaries as functional path-
ways and the dynamics of the bile flow were all de-
scribed in “Anatomia hepatis”. (s. fig. 1.16) “Glisson’s
capsule” was recognized as branching, tree-like intra-
hepatic connective tissue. The portal vessels, which are
surrounded by connective tissue, are termed portal trias
(“Glisson’s triangle”). (1659) Glisson found nerves only
in the liver capsule, and not in the parenchyma. The
role of the liver parenchyma was regarded as that of
separating the bile from the blood by mechanisms of
“affinity”. • The innervation of the liver was described
by Th. Willis (1621�1675).

Fig. 1.16: Illustration of the blood and bile vessels of the liver by
F. Glisson, 1654 (A: dorsal region, B: right aspect, C: ventral re-
gion, D: left aspect, E: hepatic veins, H: umbilical vein, K: duct of
Arantius, G: gall bladder, I: bile duct, F: portal vein) (8) (Univ.
Library, Freiburg)

Liver parenchyma, now at the forefront of research, was
described in the pig by J.J. Wepfer (1664) as consisting of a
gland comprising innumerable liver “lobules”. M. Mal-

pighi (1666) discovered the grapelike “out-budding”
structure of the parenchyma into “lobuli” and “glandu-
losi acini”. He defined the latter as the smallest functional
unit of the organ, with each acinus having a branch of an
afferent and an efferent vein as well as a bile-duct ter-
minus. M. F. X. Bichat (1771�1802) considered the liver
parenchyma to be a special tissue in terms of function and
morphology. He suspected that the liver had far more
capabilities than had previously been assumed.
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Bile began to assume increasing importance in theories
on the processes of metabolism: it was defined as an
alkaline secretion and the paramount digestive fluid by
J.B. van Helmont (1579�1644). J. Jasolinus (1654) made a
distinction between gall-bladder bile and liver bile,
which was subsequently confirmed by J. Bohn (1697) as
well as by H. Boerhaave (1708), who also recognized the
role of bile in the digestion of fats. M. Malpighi had
already established the thickening of bile in the gall
bladder as early as 1687. In 1710 A. Borelli described
the enterohepatic circulation of bile through the portal
vein system. The ligation of the hepatic artery by M.
Malpighi and J. Bohn, and of the portal vein by H. Boer-

haave, led to the conclusion that the liver, rather than
the gall bladder, was the organ of biligenesis.

Lymphatic vessels: With the discovery of the intestinal
lymphatic vessels by C. Aselli (1622), of the thoracic
duct by J. Pecqet (1651), of the separate nature of the
chylus vessels and lymphatic systems by T. Bartholin

(1653) and of the exact description of the hepatic lymph
vessels by O. Rudbek (1653), the liver came to be re-
garded as an “excretory organ” which removed bile and
other aqueous fluid (T. Bartholin: “lympha”) from the
blood. Pecqet recognized that nutrients reach the tho-
racic duct via the lacteal ducts and are then fed into the
venous system before the right heart.

Connective tissue: It appears that J. Waleus (1640) was
the first to describe connective tissue in the liver, namely
in the area surrounding the vessels. • M. Malpighi (who
is considered the founder of microscopic anatomy) de-
tected connective tissue between the acini in 1666.

No doubt the most significant milestone text in the
field of liver research was “Elementa physiologiae
corporis humani” published in 1764 by ALBRECHT VON

HALLER (1708�1777). (s. fig. 1.17) A comprehensive
picture of 18th century hepatology was given in volume
6 of this immense encyclopaedia, which was to form
the indispensable basis of liver research up to modern
times. All previous findings and conclusions dating
back to antiquity were critically reviewed; dogmatic
and speculative hypotheses and outmoded results were
rejected and sound findings, mostly proven in experi-
ments of his own, confirmed to yield a balanced, all-
embracing account of the field of hepatology.

3 Liver research up to modern times

In subsequent years, a series of landmark findings sub-
stantially furthered the science of hepatology. The use
of the microscope brought greater insight into the
morphology of liver diseases. As a result of refined
methods of chemical investigations, the liver was recog-
nized as a “chemical laboratory” and as the “site of
intermediary metabolism”. (5, 15, 20)
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Fig. 1.17: Albrecht von Haller (1708�1777)
(Nat. Library Bern; photo by Boissonnas, Geneva)

1757 Proof of crystallization of bile acid compounds by
P. Ramsay.

1775 Discovery of bile cholesterol by B.G.F. Conradi (pub-
lished in 1783) � apparently postdating the earlier
description of this substance by F.P.L. Poulletier De

La Salle.
1789 First mention of the green or yellow “bile pigments”

by A.F. Fourcroy.
1796 S.Th. Sömmering defined the total mass of the liver

lobule as “acinus” on the grounds that it was com-
posed solely of vessels (cf. M. Malpighi, 1666).

1815 C. B. Rose confirmed a decrease of urea concentration
in the urine in chronic liver disease and postulated
the synthesis of urea in the liver.

1816 M.E. Chevreul reconfirmed the presence of choles-
terol in both bile and gallstones (1824) and termed
this compound “cholesterol”.

1817 F. Magendie postulated the detoxifying function of
the liver.

1824 L. Gmelin described cholic acid (� glycocholic acid)
as well as the bile pigments “brown bile” and “green
bile” arising from oxidation processes. Inauguration
of “Gmelin’s test”. Bile acid chemistry begins.
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1826 Proof of cholic acid and taurin in the bile by F. Tiede-

mann and L. Gmelin.
1828 F. Wöhler demonstrated the artificial synthesis of

urea from ammonia.
1833 Description of the hexagonal architecture of the liver

lobule and of the anastomoses of the fine bile capil-
laries by F. Kiernan. (s. fig. 1.18)

Fig. 1.18: Illustration of liver lobules and vessels by F. Kiernan,
1833 (a, b: interlobular veins, c: intralobular vein plexus, d: intra-
lobular branch of the central hepatic vein) (13)

1837 Discovery of the liver cell by J.E. Purkinje, later by J.
Henle (1838), also by F. Dujardin and G. Verger, but
probably already discovered at an earlier time by M.
Dutrochet (1824).

1839 Description of the intralobular connective tissue by
E. Hallmann.

1840 The “green bile” described by L. Gmelin is designated
“biliverdin” by J. J. Berzelius.

1841 J. Henle describes the bile canaliculi in the liver lob-
ules as simple, unwalled intracellular spaces.

1842 J. Liebig postulated the liver’s role in intermediary
metabolism; bile production was described as one
part of protein and carbohydrate metabolism, and
the synthesis of urea in the liver was accepted.

1844 J. Müller localized the site of bile synthesis in the
liver

1847 R. Virchow described „Hämatoidin” and the extra-
hepatic synthesis of bile pigments from haematoidin
in old haematomas (s. Galenos: “blood turns to bile”).

1848 Detection of 2 paired bile acids by A. Strecker: the
taurin-containing cholic acid and the glycine-con-
taining cholic acid, respectively designated tauro-
cholic and glycocholic acid by C. G. Lehmann in 1854.

1848 Description of the bile microcapillaries in peripheral
hepatic lobules by J. Gerlach.

1848 Sugar synthesis (� glycogen) in the liver identified by
C. Bernard and C.L. Barresvil.
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1854 Description of hepatocellular trabeculae by J. Ger-

lach.
1855 F. Führer and H. Ludwig postulated the synthesis of

urea from erythrocytes.
1857 C. Bernard was the first to demonstrate glycogen in

the liver. • He became the founder of modern liver
physiology.

1858 Publication of „Klinik der Leberkrankheiten“ (s. fig.
1.19) by F. Th. Frerichs (1819�1885). • He became
the founder of modern liver pathology. (s. fig. 1.20)

Fig. 1.19: Front page of the outstanding textbook „Klinik der
Leberkrankheiten“ by F. Th. Frerichs (1819�1885): 2 volumes
(1st ed. 1858, 2nd ed. 1861) Verlag Vieweg, Braunschweig/Ger-
many; 416 and 549 pages, respectively. (s. fig. 5.1). (Property of
H. EPPINGER! � Purchased from his estate) (Personal possession)

1863 The “brown bile” (described by L. Gmelin) is termed
“bilirubin” by G. Städeler (originally termed “biliru-
brin” in 1844 by E.A. Platner).

1866 E. Hering proposed that the bile capillaries were
bounded solely by liver cells and that the parenchyma
had a structure of little plates rather than a trabecu-
lar form.
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1868 M. Jaffé isolated “urobilin” from urine (corres-
ponding to stercobilin in the stool).

1869 E. Ponfick first described the Kupffer cells and their
phagocytic activity, which was more extensively
documented by J. Peszke in 1874 and by K.W. von
Kupffer in 1876.

1870 First description of the enterohepatic bile circulation
by M. Schiff.

1871 B. Maly demonstrated the hydrolytic conversion of
bilirubin to urobilin in the intestine.

1871 Detection of stercobilin by C. Vanlair and V. Masius.
1880 First blind hepatic biopsy performed by P. Ehrlich.
1882 W. von Schröder demonstrates ureagenesis in the liver.
1890 Confirmation of the existence of perivascular lym-

phatic vessels by J. Disse (“Disse’s space”), which had
already been proposed by Th. MacGillavry in 1864.

1890 Demonstration of the blood supply to the liver
through the portal vein according to the double-flow
principle by F. Glenard.

1891 Description of the lattice fibres and their demar-
cation by elastic fibre and collagenous connective tis-
sue by A. Oppel.

1892 S. Minot coined the term “sinusoid” to describe the
blood capillaries leading in a radial fashion to the
central vein of the lobule.

1893 Demonstration of “meat intoxication” following an
experimental shunt operation by J. Pawlov.

1903 M. Vidal performed the first portal shunt surgery on
a human subject.

1903 W. Schlesinger described the detection of urobilin in
urine. In the same year, O. Neubauer found that
Ehrlich’s reagent (dimethylaminoazobenzaldehyde)
together with urobilinogen results in reddening.

� For further historical details, see the respective
chapters!

The above selection of pioneering work links up with
modern hepatology, which has developed from biochem-
istry, histology and histochemistry � and is based on
biomolecular and microstructural research methods.

The current 4th epoch of liver research may later
be known as “biomolecular hepatology”. Not only
examination techniques based on biochemistry, his-
tology and imaging, but also the therapy of liver
disease will increasingly be determined by biomolecu-
lar research.
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Fig. 1.20: Portrait of Friedrich Theodor Frerichs from 1862
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2 Morphology of the Liver

1 General anatomy of the liver

The liver is the largest solid organ in the body. • The
weight of a normal liver comprises about 1/18 of the
newborn child’s body weight (approx. 5%) and about
1/50 of the adult’s body weight (2.3�3%), varying
in men from 1,500�1,800 g and in women from
1,300�1,500 g. The relatively larger weight in infancy
is mainly due to an enlargement of the left lobe. The
weight of the liver relative to body weight decreases
from 3% to 2% with age. With regard to size, the liver
is on average 25�30 cm in width, 12�20 cm in length
and 6�10 cm in thickness. The surface is smooth and
shiny. The colour of the liver is brownish red. The
lobular structure can be seen distinctly upon close
inspection. The position is intraperitoneal (with the
exception of the area nuda and the gall-bladder bed).
Due to the suction of the lung, the position of the
liver is directly dependent on the position of the dia-
phragm; the respiratory displacement of the liver
amounts to approx. 3 cm. (s. fig. 4.3!)

1.1 Topography

The topography of the liver is characterized by the
(smaller) left lobe and the (about six times larger) right
lobe, which are separated by the (translucent) falciform
ligament. This peritoneal duplicature splits dorsad into
a right and left coronary ligament of liver; both termin-
ate in the triangular ligament. (s. figs. 2.1, 2, 5; 16.4) •
The round ligament (� lig. teres) is a remnant of the
umbilical vein of the foetus. It runs in the free edge of
the falciform ligament (during the time of foetal devel-
opment, it actually joins the left branch of the portal
vein) and is often coated by drop-shaped mesenteric fat
tissue. The ligamentum venosum is a slender remnant of
the duct of Arantii in the foetus. (s. p. 9!) • On the in-
ferior liver surface � separated by the portal vein �
are the quadrate lobe (lying anteriorly between the gall
bladder and round ligament) and the caudate lobe with
papillary tubercle and caudate process (lying posteriorly
along the inferior vena cava in front of the hepatic
porta). This hilum of the liver in the centre of the inferior
liver surface consists of the proper hepatic artery, portal
vein, common hepatic duct, lymph vessels, and hepatic
nerve plexus. These are held together by the perivascular
fibrous capsule. (s. fig. 2.1)

With its convex diaphragmatic surface, the liver, which
faces forwards and upwards, abuts the arch of the dia-
phragm and the anterior abdominal wall. It bears a flat
cardiac impression. This diaphragmatic surface is differ-
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entiated into the pars libera (covered with peritoneum)
and the pars affixa. • The visceral surface inclines both
backwards and downwards. The superior and inferior
surfaces form together the sharp liver margin (margo
inferior). The inferior surface may show impressions
caused by adjacent organs (gaster, colon, kidney, duo-
denum, gall bladder) and the posterior surface shows a
fissure for the ligamentum venosum. (s. fig. 2.1)

Fig. 2.1: Views of the liver: anterior, posterior, inferior. (LL � left
lobe, RL � right lobe, D � diaphragm, GB � gall bladder, FLV �
fissure for ligamentum venosum, RL � round ligament (� lig.
teres), IVC � inferior vena cava, FL � falciform ligament)

1.2 Form and variants

The shape of the liver resembles largely that of a pyramid
lying at a slant with its base towards the right side of the
body. The exterior form can vary greatly. (s. p. 2)
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� In the first instance, genetic factors are responsible for
variations in form. Additional internal causative factors
worthy of mention include changes due to portal vein
thrombosis, haemocongestion, cardiac cirrhosis, thesau-
rismosis, fibrosis and atrophy. External causative factors
include impression effects caused by pillar of diaphragm,
costal arch, xiphoid process and wearing tight belts or
laced corsets. (38) In addition, chronic coughing may lead
to mostly parallel furrows on the convexity of the right
lobe. (32) • Zahn’s furrows can appear on the right surface
of the liver; they generally run sagittally and are caused
by hypertrophic columns as a result of chronic lung em-
physema and also (more rarely) congenital factors. (s. fig.
2.2) • The posterior surface of the liver occasionally has
furrows, known as rima coeci Halleri. A branch of the
portal vein always extends beneath their bed (J. Hyrtl,
1873). • A tongue-shaped projection of the right (or more
rarely the left) lobe of liver adjacent to the gall bladder is
known as Riedel’s lobe (B. M. K. L. Riedel, 1888). This con-
dition may be congenital or arise due to the traction of a
gall bladder enlarged by stones. Riedel’s lobe is more fre-
quent in women. It is not deemed to be a true accessory
lobe. • Fissures (also called “simian cleft”) (s. figs. 2.3;
31.20) � which may give rise to a hepar succenturiatum
(� accessory lobe) (12) or hepar lobatum � are without
clinical significance. • An interposition of intestinal loops
(generally transverse colon) between liver and diaphragm
is termed Chilaiditi syndrome. It is the result of hepatop-
tosis. • A relaxation of diaphragm due to congenital mus-
cular aplasia in the region of the right diaphragm leads to
displacement of the right liver lobe into the right thoracic
space. (71)

Fig. 2.2: Zahn’s furrow: diagonal craniocaudal impression of a
hypertrophic diaphragm contour. Along the bottom of the furrow,
there is a capsular fibrosis

Accessory lobe: This anatomical abnormality is rare and
without clinical significance. Up to 16 accessory lobes
have been reported in a single patient. They are usually
located on the inferior surface of the liver. (s. fig. 2.4)
Therefore they are generally detected only during the
course of imaging examinations, surgery or autopsy.
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Fig. 2.3: Reticular fibrosis of the liver surface in chronic persistent
hepatitis B with a so-called “simian cleft” (s. fig. 31.20)

Fig. 2.4: Accessory lobe on the inferior surface of the right lobe
of liver. Here shown in chronic hepatitis B

Often an accessory lobe may contain its own blood, bile
and lymph vessels. (12, 39)

Lobar atrophy: Atrophy may develop as a result of dis-
turbances in the portal blood supply or biliary drainage
of a lobe. It is generally possible to differentiate between
the two aetiologies with the help of scintigraphic
methods. • Likewise, lobar atrophy (the left liver lobe is
most frequently affected) may develop following necro-
sing processes of the parenchyma, such as those caused
by acute virus hepatitis (s. figs. 21.13; 22.16), intoxi-
cations and chemoembolization, or in cases of severe in-
anition as well as in marked cirrhosis (s. figs. 35.1, 35.14).
Compensatory hypertrophy of the opposite lobe is usu-
ally witnessed. (17, 18, 79)

Lobar agenesis: In most cases, agenesis affects the right
lobe. This very rare abnormality is mostly associated
with other congenital malformations, especially of the
biliary system. The unaffected liver lobe will generally
develop compensatory hypertrophy. (22, 40, 49)
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1.3 Segmental subdivisions

The boundaries regarding physiological topography are
marked by the distribution pattern of the portal vein,
the hepatic artery and the bile ducts, or according to
the origin of the three large hepatic veins. The result is
a clear and precise subdivision of the liver in the sense
of a functional lobulation into 12 segments (3 main seg-
ments, each with 4 subsegments) (28) or 9 segments,
respectively. The essential findings are based on the in-
vestigations of C.H. Hjortsjö (1948, 1951), C. Couinaud

(1954, 1957), S.C. Gupta et al. (1977, 1981), H. Bismuth (1982),
and A. Priesching (1986). (s. figs. 2.5; 40.4) • Rex-Cantlie’s
line (H. Rex, 1889; J. Cantlie, 1898), running from inferior
vena cava to gall bladder, forms the boundary between
the two portal distribution areas and thus between the
right lobe (right portal vein) and the left lobe (left portal
vein) of liver (so-called double-flow principle of the portal
vein). Additionally, however, the left part of the right
lobe of liver (segment II 1�4, the so-called “centre of
the liver”) is supplied by both branches of the portal
vein. Consequently, segment II 3 (equivalent to segment
IV) would correspond to the quadrate lobe, II 2 to the
caudate process, and segment II 1,2 (or I) to the caudate
lobe. (s. figs. 2.5; 40.4)

Fig. 2.5: Segmentation of the liver. • a: Left lobe (I, 1�4): 4 segments;
“centre of the liver” (II): quadrate lobe (II, 3): caudate lobe (II, 1,2)
and caudate process (II, 2); right lobe (III, 1�4): 4 segments. • Rex-
Cantlie’s line (���) as functional division between both liver lobes
runs between II 2,4 and II 1,3. Topographically, the liver lobes are
separated by the falciform ligament (�����) between I 1,3 and II
1,3. • b: The liver can be divided into 9 segments (I�IX) according
to the ramifications of the portal veins. Segments II/III, I/IV, V/VIII
and VI/VII are also combined into double segments
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The “portal segments” and the “hepatovenous seg-
ments” are, however, subject to considerable individual
variations with respect to their size and the position of
their boundaries. This point must always be considered
in cases of hepatectomy. For this reason there is, as yet,
no general agreement about the designation of the seg-
ments. (16, 28, 70)

2 Structure and histology of the liver

Structurally and histologically, the liver can be div-
ided into four tissue systems: (1.) intrahepatic vascu-
lar system, (2.) stroma, (3.) sinusoidal cells, and (4.)
hepatocytes.

2.1 Intrahepatic vascular system

2.1.1 Hepatic artery

The common hepatic artery is a branch of the coeliac
trunc (� Haller’s tripod), from which the splenic artery,
the phrenic artery and the left gastric artery emerge. In
about 18 % of cases there is a second hepatic artery lead-
ing out of the left gastric artery and in about 10 % of
cases there is a second hepatic artery leading out of the
superior mesenteric artery. The common hepatic artery
extends into the proper hepatic artery. Prior to this
point, the gastroduodenal artery and the right gastric
artery branch off. The course and the ramification of
the hepatic artery are “normal” only in about 55 % of
cases! (61) These frequent vessel abnormalities are of
great importance in surgery. • The pressure in the he-
patic artery amounts to 100 mm Hg, with a pressure-
dependent autoregulation of the blood flow (increase of
pressure � decrease of blood flow, and vice versa).

In the porta hepatis, the proper hepatic artery divides
into the right branch (from which the cystic artery emer-
ges) and the left branch (from which a “middle hepatic
artery” occasionally emerges). The branches of the
hepatic artery run close to the portal veins and may
even (rarely) coil round them in places. An arterial
sphincter is located prior to the further division of the
hepatic artery into smaller branches. • There are anas-
tomoses between the arterial branches and the hepatic
vein. By way of an arteriolar sphincter (46), the inter-
lobular arteries branch into intralobular arterioles, sup-
plying the lobules of the liver with arterial blood. The
arterial blood enters the sinusoids either through ter-
minal branches or through arterioportal anastomoses
and mixes with the portal blood. The pressure in the
hepatic arterioles is 30�40 mm Hg. (36, 46, 61)

The blood of the hepatic artery supplies five regions of
the liver: (1.) peribiliary vascular plexus as the greatest
arteriolar compartment, (2.) interstitium of the portal
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fields, (3.) vasa vasorum of the portal vein, (4.) vasa
vasorum of the hepatic vein, and (5.) liver capsule.

� Hepatic blood flow amounts to ca. 1,200 ml/min in
women and ca. 1,800 ml/min in men, depending on the
physiological conditions. Of this blood, 70�75 % are
supplied by the portal vein and 20�25 % by the hepatic
vein. The oxygen supply is secured by the hepatic artery
at 20 vol. % and the portal vein at 16�17 vol. %. • The
blood content is equivalent to 25�30 % of liver weight.
The liver blood volume accounts for 10�15 % of the
total blood content of the body � an extremely high
proportion.

� Oxygen consumption of the liver amounts to 6 ml/
minute/100 g wet weight. The acino-peripheral region
(zone 1) has the best supply of oxygen (mainly aerobic
metabolism), whereas the centroacinar region (zone 3)
has the most oxygen-deficient blood (mainly anaerobic
metabolism). A decrease in liver blood supply generally
occurs whilst standing, during sleep, when fasting, and
in old age. Oxygen extraction in the liver amounts to
approx. 40 %; any additional requirement of oxygen is
(initially) met by a considerable increase in oxygen ex-
traction of up to 95 %. The regulation of the blood flow
in the sinusoids is influenced in different ways: (1.) neu-
ral factors (adrenergic and dopaminergic receptors), (2.)
anatomical mechanisms, and (3.) vasoactive substances
(e.g. endothelin, CO, NO, adenosine).

2.1.2 Portal vein

The portal vein is formed posterior to the pancreatic
isthmus by coalescence of the superior mesenteric vein
and splenic vein. The inferior mesenteric vein enters at
a point not far from this junction. The portal vein then
runs through the hepatoduodenal ligament and absorbs
venous blood from the ventricular coronary vein. • At
the porta hepatis, the portal vein divides into the right
branch (which takes in the cystic vein as well as one or
two veins from the caudate lobe) and the left branch,
into which flow the paraumbilical veins, extending
through the round ligament, and the ventroflexal ramus,
emerging from the left sagittal fossa. (s. fig. 2.6) • The
branches of the portal vein extend (by further branching
and reduction in the lumen) into the portal tracts. Here
they merge with the interlobular veins, which generally
divide into two conductor veins (� venulae interlobu-
lares). The conductor veins divide into distributor veins
and continue as Y-shaped terminal branches (� venulae
afferentes). The portal blood passes through the peri-
portal limiting plate of hepatocytes, entering the sinus-
oids through venous inlets. This means that the blood
of the portal vein flows only into the sinusoids. Terminal
branches of the arteries join up with the sinusoids separ-
ately. The outflow of sinusoidal mixed blood (75 % from
the portal vein, 25 % from the hepatic artery) occurs via
venous capillaries in the central hepatic vein (or terminal
hepatic vein). The venous blood from the capillaries of
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the portal tract flows off either through the distributor
veins or directly into the sinusoids. The difference in
pressure between portal veins and hepatic veins is more
important for the sinusoidal supply of blood than are
the respective absolute values. (36) • These radicular por-
tal veins, originating in the portal fields, are thus also
described as the “inner root of the portal veins” (H. Elias

et al., 1949).

Fig. 2.6: Diagram of the portal vein: p.v. � portal vein, r.b. � right
branch, l.b. � left branch; c.v. � cystic vein; u.v. � umbilical vein;
r.g.v. � right gastric vein, l.g.v. � left gastric vein; sp.v. � �
splenic vein, s.g.v. � short gastric veins, l.g-e. v. � left gastro-
epiploic vein; � � gastrocolic trunc; r.g-e.v. � right gastro-epiploic
vein, pd.v. � pancreaticoduodenal vein, m.c.v. � middle colic vein;
� � superior mesenteric vein, r.c.v. � right colic vein, ic.v. �
ileocolic vein, j.v. � jejunal veins, i.v. � ileal veins; � � inferior
mesenteric vein, l.c.v. � left colic vein, s.v. � sigmoid veins

2.1.3 Hepatic vein

The hepatic vein emerges from the central hepatic vein
in the centre of the lobule. It runs at an acute angle into
the sublobular vein. From the confluence of the sublobu-
lar veins, collecting veins are formed which fuse to form
5 trunk veins: the right and left superior hepatic vein as
well as the right, left and intermediate hepatic vein
(the latter two forming a common trunk in 60�70% of
cases). The hepatic veins progress intersegmentally; they
receive branches from adjacent segments. This group of
superior hepatic veins drains into the inferior vena cava
at the posterior surface of the liver below the dia-
phragm. • By contrast, the group of inferior hepatic
veins (� accessory hepatic veins) is very varied in terms
of number, diameter and draining sites.
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2.1.4 Biliary system

The bile canaliculus is formed as a bile capillary by means
of a groove-like canal in the intercellular space, bounded
by 2 adjacent liver cells. The bile canaliculi have no walls
of their own, but are surrounded by a special zone of the
cell membrane (so-called pericanalicular ectoplasm). Their
diameter amounts to 0.5�1.0 µm. They are intercon-
nected and form an extensive polygonal network. The sur-
face area of the bile capillaries is increased by microvilli,
which show great functionally determined variability. The
canalicular membrane constitutes 10% of the total plasma
membrane in the hepatocytes. Similar to the peri-
canalicular ectoplasm, the hepatocytes contain contrac-
tile microfilaments and other components of the cytoskel-
eton. These canaliculi are supplied with carrier proteins
and enzymes to control bile secretion. (2, 34)

The canaliculi continue into an ampulla-like extension
known as Hering’s canal (E. Hering, 1866). This area can be
regarded equally as the end point of the canaliculi and the
beginning of the ductules, hence the term intermediate
ductule is used (M. Clara, 1930). From here the bile ducts
have their own wall of cuboidal epithelial cells. They are
7�20 µm in diameter. Their designation as preductules
has been generally adopted. (57) Because of their extreme
proneness to damage, the preductules are described as the
“Achilles’ heel of the liver” (L. Aschoff, 1932).

The preductules merge either with the cholangioles (M.
Clara, 1934) or the biliferous ductules (H. Elias, 1949) or
the perilobular ductules, respectively. Morphologically,
it is generally not possible to distinguish between pre-
ductules and ductules. Thus both structures are sub-
sumed under the term “cholangioles” or “terminal bile
ducts”. The ductules are followed by the interlobular bile
ducts with a diameter of >50 µm. They run through the
connective tissue wedges of the portal tracts (� Glis-
son’s triangles). These interlobular bile ducts (15�100
µm) anastomose with each other. The larger septal
(100�400 µm) and segmental (0.4�0.8 mm increasing
to 1.0�1.5 mm) bile ducts continue into the right and
left hepatic duct, which unite at the hepatic porta to
form the common hepatic duct. The latter confluences
directly afterwards with the cystic duct, thus forming
the common bile duct (� ductus choledochus). (34, 51, 78)

2.1.5 Lymph vessels

The liver forms more lymph than any other organ of the
body (0.4�0.6 mg/kg BW/min). Lymph capillaries take
up lymph from Disse’s space (J. Disse, 1890) and thereafter
from Mall’s space (F. P. Mall, 1906), which lies between
the limiting plate and the portal connective tissue. Dis-
se’s space is also considered to be the main source of
lymph. In addition, lymph capillaries commence in the
adventitia of sublobular veins and run close to the he-
patic veins as far as the paracaval lymph nodes. Lymph
vessels possess valves which permit the lymph to flow
only in one direction. Lymphatic vessels are present in
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all portal fields. They are found exclusively in the peri-
vascular connective tissue and in the capsule of the liver.
(s. fig. 16.4) • Drainage is effected by the hepatic lymph
nodes in the area of the porta hepatis. Lymph reaches
the thoracic duct via large valved lymphatic trunks and
interconnected lymph nodes. Thus it enters the systemic
circulation. (19, 67)

2.2 Stroma of the liver

The term stroma comprises the interstitial connective
tissue of an organ. • In the liver, four types of tissue
structure are differentiated: (1.) capsule of the liver,
(2.) perivascular connective tissue, (3.) Glisson’s por-
tal tract, and (4.) reticular network.

� This extracellular matrix (ECM) is a dynamic concen-
tration of complex macromolecules. Besides mechanical
functions, the components of ECM also have important
physiological tasks; therefore they have bidirectional
contacts with the liver cells. These matrix components
include: collagens, elastin, glycosaminoglycanes, proteo-
glycanes, and glycoproteins. In the liver, there are
mainly collagens I, III (� large fibrils), IV (� net struc-
ture), and V, VI (� small fibrils). The Ito cells are
deemed the main producers of ECM. The biosynthesis
of collagen comprises the intermediate steps of pre- and
procollagen. The half-life of liver collagen amounts to
approx. 30 days. The degradation of collagen occurs
through matrix-metalloproteinases, which are mainly
formed in the Ito cells. During the degradation process,
hydroxyproline develops, which in turn is either oxidized
in the liver into CO2 and H2O (ca. 75 %) or excreted in
the urine (ca. 25 %). Thus the excretion rate of hydroxy-
proline in the urine is an indicator for collagen metab-
olism. The adhesive glycoproteins (e. g. fibronectin, lam-
inin), which are also called nectins, are responsible for
the connection between ECM and liver cells. The nu-
merous heterogeneous components of the ECM are
closely interwoven and communicate bidirectionally
with the liver cells by means of special substances, so-
called integrins.

2.2.1 Capsule of the liver

The capsule of the liver (A. von Haller, 1764) is 43�76
µm thick. It consists of the endothelial coating (� se-
rosa) and a network of collagenous and elastic fibres.
The capsule and the falciform ligament contain sensitive
phrenicoabdominal branches of the phrenic nerve,
which vary in extent (algesia or shoulder pain may thus
accompany liver biopsy). Moreover, blood and lymph
vessels as well as rudimentary bile ducts (which may
become enlarged in the case of portal hypertension, as-
cites or cholestasis) are present in the capsule. The small
blood vessels of the capsule anastomose with branches
of the portal vein, yet not with the hepatic veins. The
inner surface of the capsule is intimately connected to
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the liver parenchyma, particularly in the area of the
interlobular connective tissue.

2.2.2 Perivascular connective tissue

The perivascular fibrous capsule (F. Glisson, 1654) com-
mences in the hepatic porta as a tree-like branching
framework of connective tissue surrounding the inter-
lobular vessels. It also surrounds the central hepatic vein
and its small tributaries, which are joined to the paren-
chyma by radial fibres as well as being established in the
portal tracts. This prevents a suction-induced collapse
of the venous vessels as a result of respiration-depend-
ent negative pressure in the pleural cavity. The perivas-
cular connective tissue, known as Glisson’s capsule, ex-
tends fine secondary trabeculae into the parenchyma.
They contain the intralobular biliary, lymphatic and
blood capillaries.

2.2.3 Lattice fibre network

The reticular network consists mainly of lattice fibres
(O. Oppel, 1891) which lie on the hepatic cell plates and
serve as a mechanical support for the sinusoids and also
as a directrix in hepatocyte regeneration. The microvilli
of the hepatic cells extend through this lattice fibre net-
work into Disse’s space (J. Disse, 1890). In general, this
space is not visible in vivo, and thus the sinusoid wall
appears to abut directly onto the hepatocytes. However,
it constitutes about one third of the entire extracellular
space in the liver, which itself accounts for 15�20 % of
the liver volume and 2�4 % of the liver parenchyma. It
is via Disse’s space that the exchange of different sub-
stances between liver and blood takes place. The width
of Disse’s space varies between 0.2�1.0 µm, depending
upon the resorptive and secretory capacity of the hepa-
tocytes. Fluid, protein and particles up to 100 nm may,
however, enter this perisinusoidal space (increasingly in
hypoxia) and be drained off. The space itself lies be-
tween the trabeculae and the sinusoids. It is thought to
be connected to Mall’s space, but no direct connection
from Mall’s space into the lymph vessels within the peri-
portal region has so far been demonstrated. (s. figs.
2.7�2.9)

Fig. 2.7: Reticular fibre network with central hepatic vein (CHV)
(Gomori’s reticulin stain)
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Fig. 2.8: Spatial relationship of sinusoid and hepatic cells: hepato-
cytes (H) in the form of boundary lamella (BL), cell nucleus (CN),
canaliculus (BC), Disse’s space (D), endothelial cells (E), sieve
plate (SP), Kupffer cell (K), Ito cell (I). The cellular interchange
area is increased by microvilli (modified from D. Sasse, 1986)

Fig. 2.9: Liver cell and sinusoidal cells with organelles and polar-
ized membrane compartments: hepatocytes (H), sinusoids (S), Dis-
se’s space (D), erythrocytes (ER), endothelial cells (E), Kupffer
cells (K), Ito cells (I), microvilli (MV), canaliculus (BC), nucleolus
(N), tight junctions (tj), cell nucleus (CN), mitochondria (M),
smooth endoplasmic reticulum (SER), rough endoplasmic reticu-
lum (RER), Golgi apparatus (GA), lysosomes (L), peroxisomes
(P), ribosomes (R), microfilaments (MF) (modified from L. Cossel)
(s. figs. 2.16�2.18)

2.2.4 Portal tract

In the portal tract (� Glisson’s triangle, portal field) (F.
Glisson, 1659), the perivascular connective tissue with its
enclosed (and protected) radicles of the portal veins, the
hepatic arterioles, bile ducts, lymph vessels and nerve
fibres terminates in the connective tissue covering of the
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perivascular fibrous capsule. Any lymphocytic infil-
trations as well as occasional isolated histiocytic or
monocytic forms which are embedded in this area are
considered to be physiological. The continuous line of
hepatocytes immediately bordering the portal tract is
designated limiting plate. (s. figs. 2.8, 2.10, 2.12)

2.3 Sinusoidal cells

Four different mesenchymal cell types are subsumed
under the term sinusoidal cells: (1.) endothelial cells,
(2.) Kupffer cells, (3.) Ito cells, and (4.) PIT cells.

Although the sinusoidal cells (31 million/mg liver) make
up only a relatively small proportion of the liver volume
(6.3%), they constitute 30�40% of the total cell number.
The total surface area of their plasma membranes is
26.5% of the total membrane surface of all liver cells. (3,
5, 23, 27, 44, 52, 56, 59) (s. figs. 2.8, 2.9)

2.3.1 Endothelial cells

Endothelial cells constitute the greatest proportion
(70%) of the sinusoidal cells. These are flat cells, the
nuclei of which camber the cell body. With their slim
nuclear branches, they are in loose connection with both
the neighbouring endothelial cells and the microvilli of
the hepatocytes. They are located on a fine layer of
extracellular matrix. Their proportion of the total cell
number is 15�20%, but they make up only 2.8% of the
liver volume. They form a continuous lining of the
sinusoids which, however, possesses numerous inter-
cellular spaces (0.1�0.5 µm) (S. Minot, 1892). The sinus-
oids (with a total surface area of 400 m2) are 4�15 µm
wide and 350�500 µm long. Here portal blood com-
bines with arterial blood. The entry and exit of blood is
controlled by sinusoidal sphincters. (36) Compared to
the capillaries of other organs, sinusoids show funda-
mental structural differences. They are interspersed with
pores which have a basic diameter of 0.1 µm, actively
variable in width. When grouped together, such pores
are known as sieve plate. (s. fig. 2.8) There are also
larger pores (0.5 µm), so-called fenestrae. The smaller
pores, the fenestrae and the intercellular spaces are es-
sential for the process of filtering the components of the
blood; they have scavenger functions (55) and regulate
the exchange of fluid and material between the blood in
the sinusoids and the hepatocytes. In addition, they are
of great importance for the balance of lipids, choles-
terol, and vitamin A. Endothelial cells also form and
secrete cytokines (e. g. II 1, 6, IF, α-TNF), matrix com-
ponents (e. g. collagens, fibronectin) and growth factors
(e. g. HGF, IGF, FGF) as well as vasoactive substances
(e. g. NO, endothelin). (52, 55, 76) • The cells themselves
can be damaged or even completely destroyed by the
effect of toxins, alcohol, hypoxia, viruses or increased
pressure in the sinusoids. In this case, the hepatocytes
are completely “naked” and exposed to all attacks. The
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endothelial cells are stabilized by a network of lattice
fibres. • Because of their structural and functional
characteristics, the endothelial cells, Disse’s space and
the so-called vascular hepatocyte pole are subsumed
under the term “perisinusoidal functional unit”. (45)

2.3.2 Kupffer cells

The stellate cells initially determined by K.W. von Kupffer

(1876) by means of the gold chloride method were actu-
ally Ito cells located in Disse’s space. It was not until
1898 and 1899 that the sinus macrophages were de-
scribed by von Kupffer again � though at this point not
sufficiently differentiated from the gold-reactive fat-
storing cells.

Kupffer cells (K.W. von Kupffer, 1876) constitute about
25% of the sinusoidal cells. They make up 8�12% of
the total liver cells and 2.1% of the liver volume. Their
total number/mg of liver amounts to 31,000, the half-
life being 12.4 days. They probably derive from mono-
cytes and are released by stem cells in the bone marrow.
Thus they belong to the mononuclear phagocytosis sys-
tem (MPS) (R. van Furth et al., 1970). Kupffer cells can
multiply by mitosis. Their villiform surface (fuzzy coat)
and irregular, mostly star-shaped form led to the desig-
nation “stellate cells”. They are randomly distributed in
the sinusendothelium, but occur 3�4 times more fre-
quently in the periportal region than in the perivenous
zone. They connect with adjacent cells or spaces by
means of ramifications and through pores. Their cyto-
plasm contains numerous organelles. Charged Kupffer
cells may be flushed out with sinusoidal blood. • Phago-
cytosis can be seen as the most important function of
Kupffer cells. Apart from the cells at the base of the
pulmonary vascular bed, they have the greatest intravas-
cular phagocytic capacity. Further functions include (1.)
pinocytosis, (2.) discharge of signal substances (e.g. cyto-
kines, growth factors, erythropoietin, eicosanoids) or
proteins and/or enzymes, and (3.) clearance of toxins,
antigens, antigen-antibody complexes and purines. The
phagocytosis and clearance of Kupffer cells is reduced
through alcohol and drugs (e. g. mitomycin, α-methyl-
dopa). (27, 56, 59, 65, 72) (s. p. 65) (s. figs. 2.8, 2.9)

2.3.3 Ito cells

Ito cells (T. Ito, 1951) are also known as fat-storing cells,
hepatic stellate cells or lipocytes. These long-lived cells,
5�10 µm in size with long thin strands, lie in Disse’s
space (s. figs. 2.8, 2.9) and contain numerous cytoplas-
mic fat droplets as well as an abundance of vitamin A
(� retinol ester). The retinol esters of the chylomicrons
are absorbed by the hepatocytes and hydrolyzed into
retinol. The latter is either passed to the blood by means
of RBP or transported to Ito cells and stored. In the fat
droplets of Ito cells, about 75 % of the liver retinoids are
present in the form of retinol esters. These fat droplets
are characteristic of Ito cells; they represent vacuolized
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cisterns of RBP. Ito cells constitute about 3�8% of the
total liver cell number and 1.4% of the volume of the
liver, occurring in a proportion of one Ito cell to 12�20
liver cells. Zone 3 of the acinus has the highest number.
Ito cells are involved in the regulation of the width of
the sinusendothelium, the microvascular tone and the
regeneration of cells. They contain numerous filaments
and organelles for protein synthesis, but cannot them-
selves produce RBP. Moreover, they are capable of
transformation into myofibroblasts. Ito cells are able to
synthesize and secrete collagen types I, III and IV, fibro-
nectin, laminin, or other substances. Unlike fibroblasts,
Ito cells can express desmin. Hence Ito cells may play
an important part in fibrogenesis, particularly in patho-
logical intralobular fibrosis. (4, 7, 14, 27, 59, 62, 73)

2.3.4 PIT cells

PIT cells were first demonstrated in the sinusoidal wall
in rats (E. Witte et al., 1970). Later on, these lymphocytes
with large granules and rod-cored vesicles were also
found in the human liver, particularly in the sinusoids
and in Disse’s space. Due to their pseudopodia, they are
variable. The proportion of PIT cells to Kupffer cells is
2 : 10. They are natural killer cells and destroy tumour
cells or foreign cells as well as necrosed cells. It is not
clear whether they have any additional “endocrine”
function. Because of the strongly polarized distribution
of their granulae, they could justifiably be classified as
APUD cells. (6, 26, 27, 59, 68, 75)

2.4 Hepatocytes

� Hepatocytes were discovered by M. H. Dutrochet, who
recognized “cellules vesiculaires agglomerées” in liver
tissue in 1824. This first description was confirmed and
expanded by F. Kiernan (1833), J. Henle (1836) and J.E. Pur-

kinje (1837); they also discovered the liver cell nucleus.

Hepatocytes are polygonal epithelial cells with six or more
faces corresponding to their individual position in the
overall cell structure. The plate-like, overlapping hepato-
cyte formations build a three-dimensional system. With
the reduction in weight of the liver from 3% to 2% relative
to body weight with age, there is also a decrease in the
absolute number of hepatocytes. The usual life span of
hepatocytes is at least 150�200 days; they perish as so-
called oncocytes (“moulting”). This programmed death of
the old hepatocytes is designated apoptosis. As yet, there
is no reliable information available regarding the normal
life span of human hepatocytes. It is determined on the
one hand by genetic factors and on the other hand by ex-
ogenous factors, which differ in nature and scope of influ-
ence. In rats, a life span of 191 to 453 days was established
for hepatocytes.
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Proportion of liver volume 80%
Proportion of total cell number 60�65%
Number of liver cells 300 billion
Number of hepatocytes per g of liver 171 million
Diameter of hepatocytes 20�40 µm
Proportion of hyaloplasm in cell volume 51%
Lifespan of hepatocytes 150 (�200) days
Mitosis rate per 10,000�20,000 liver cells 1
Membrane surface of hepatocytes 33,000 m2

and organelles (s. p. 26)

Hepatocytes show a varying content of carrier, receptor
and channel proteins. They have a clearly contoured cell
membrane which is divided into 3 compartments de-
fined by morphological and functional cellular polariza-
tion. (1.) About 37% of the external area of the hepato-
cyte membrane is sinusoidal surface, the absorptive and
secretory function of which is increased sixfold by nu-
merous microvilli; they lie in Disse’s space. Some even
protrude through the fenestrae into the sinusoids and
thereby have direct contact with the blood. On the
sinusoidal membrane, there are invaginations with ves-
icles underneath. (2.) About 12% of the outer hepato-
cyte membrane consist of canaliculi, termed canalicular
surface. This area is the secretory pole of the cell. (3.)
The remaining 50% of the external hepatocyte mem-
brane constitute the smooth intercellular fissure, which
is connected with Disse’s space. This fissure is sealed
from the canaliculi by tight junctions (� zonula oc-
cludens), allowing only an exchange of water and ca-
tions to take place. The adjacent adhesion areas of the
neighbouring hepatocytes, the intermediate junctions (�
zonula adhaerens) and the desmosomes (� macula ad-
haerens), are sealed by membrane proteins. These last
two connecting structures are known collectively as ad-
hering junctions. Actually, they contain gap junctions (�
maculae communicantes) which form tube-like connec-
tions between adjacent hepatocytes and so facilitate the
intercellular exchange. When cell death occurs, the gap
junctions of neighbouring cells, as dynamic structures,
close down in order to prevent the progression of cell
death. (s. figs. 2.8�2.10, 2.16)

Fig. 2.10: Normal hepatic tissue. H � hepatocytes, P � portal
vein, BD � bile duct, HA � hepatic arteriole (s. fig. 2.16)
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Three zonal areas can also be differentiated in hepato-
cytes based on ultrastructural and functional differ-
ences (8, 30, 33, 35): (1.) vascular zone (supranuclear), (2.)
lateral zone, and (3.) biliary zone (adjacent to the bile
capillaries). • They each have a different stock of
organelles. (s. p. 26)

2.5 Biliary epithelial cells

Biliary epithelial cells are organ-typical. They constitute
some 3.5 % of all hepatic cells. Depending on the size of
the biliary ducts in which they are located, they show
distinct histological and histochemical variations. In
comparison with hepatocytes, biliary epithelial cells
contain fewer mitochondria and less ER; there is a com-
plete absence of cytochrome P 450. They are rich in
cytoskeleton and contain Golgi apparatus and vesicles.
The round-to-oval nuclei lie in the basal cytoplasm.
These biliary cells probably play a role in biligenesis. (63)
The epithelial cells of the intermediate ductules are also
regarded as stem cells for the liver parenchyma.

2.6 Nervous system

The hepatic nerves consist of fibres of the sympathetic
ganglia Th7�Th10, the vagus and the right phrenic
nerve. At the porta hepatis, they form one plexus
around the hepatic artery and another plexus around
the portal vein plus biliary duct. With the vessels, the
nerves reach the liver and “terminate” in the portal
fields, where they regulate biliary and vascular struc-
tures. Also in the perisinusoidal space, there is a fine
nerval network which is in direct contact with hepato-
cytes and Ito cells. The nerves contain adrenergic (am-
inergic), cholinergic and peptidergic fibres; the function
of peptidergic innervation is unknown. This most finely
ramified hepatic nervous system influences haemody-
namics, the metabolism of hepatic cells, and the motility
of the biliary ducts. The liver parenchyma itself is not
sensitive to pain as it contains no sensory nerves. The
liver capsule and the falciform ligament are innervated
by sensitive phrenicoabdominal branches of the phrenic
nerve. (1, 5, 64) • A transplanted and therefore denervated
liver shows that innervation is not essential for the func-
tion of the organ. This remarkable phenomenon cannot
yet be explained.

3 Hepatic lobules and acinus
� The term parenchyma referring to the liver tissue was coined by
Erasistratos. The liver lobules were first described in the pig in
1664 by J. J. Wepfer (using microscopic techniques) while the lobu-
lar structure was confirmed by M. Malpighi in 1666. The term aci-
nus was coined by S. Th. Sömmering in 1796. • However, it was F.
Kiernan (1833) who first gave a classic definition of the lobule in pig
liver (“hepatic lobule”). Today, such anatomical clarity can only be
found in the livers of the camel, polar bear and seal. (s. fig. 1.18)
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Kiernan´s description of the acinus provided the basis for sub-
sequent definitions, such as “biliary lobule” (Ch. Sabourin, 1888),
“portal unit” (F. P. Mall, 1906), “hepaton” (R. Rössle, 1930) and “sy-
nergid of the liver” (H. Siegmund, 1943). In 1848 J. Gerlach had
recognized that liver cells were arranged in bands (columns). • Not
until a hundred years later did H. Elias (1949) describe the arrange-
ment of liver cells in the form of plates as muralium simplex or
lamina hepatis, with internal cavities (� lacunae). (10) (s. fig. 2.11)
• E. H. Bloch (1970) considered the “single sinusoidal unit” to be a
functional unit of the liver, the main component of which is a
sinusoid lying sandwich-like between the hepatocyte trabeculae. •
T. Matsumoto et al. (1979) suggest an angioarchitectural concept.
The portal corner region with septal ramifications is seen as the
basic structure of the primary hepatic lobule. In the parenchyma,
vascular septa are postulated, i. e. terminal ramifications of the
portal vein which join up with the sinusoids directly. (In 1997, W.
Ektaksin et al. described them as inlet venules.) (s. fig. 2.12)

Total number of hepatic lobules 1.0�1.5 million
Depth of hepatic lobules 1.5�2.0 mm
Diameter of hepatic lobules 1.0�1.3 mm

Fig. 2.11: Diagram of the traditional (“classic”) hepatic lobule ac-
cording to the lobular structure (F. Kiernan, 1833) (s. fig. 1.18) and
as stereogram (H. Elias, 1949): the liver cell columns run radially
from the limiting plate to the central vein (10) (s. fig. 2.16)

Fig. 2.12: Hepatic lobules with central vein (�) and Glisson’s tri-
angles (G). Slight distortion of the lobular architecture

3.1 Central vein lobule

The classic central vein lobule accords with the trad-
itional description of lobular structure (F. Kiernan, 1833;
H. Eppinger, 1937; H. Elias, 1949). The hepatic lobule
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resembles a hexagon with portal tracts at the corners.
It consists of radially arranged columns (or plates) of
15�25 liver cells placed between the limiting lamellae
and the central vein, the axis of which they are also
aligned with. This particular arrangement of the hepa-
tocyte plates does not occur until after birth and is
due to the suction effect of the right ventricle. The
lobule is limited by the surrounding periportal fields.
The hollow spaces between the liver cell plates form
a labyrinth, in which the sinusoids and Disse’s space
are located. The limiting plate (W. H. Harris, 1942) or
limiting lamella (H. Elias, 1949) consists of smaller, ba-
sophilic and glycogen-free liver cells with a nucleus
which is richer in chromatin. As a unicellular liver
plate, it lies perpendicular to the remaining liver cell
plates. It is penetrated only by capillaries. As it is
limited on the periportal side by Mall’s space, it can
only be reached by peripheral sinusoidal blood on the
lobular side. Due to its optimal blood supply, the
limiting plate proves itself to be a particularly resistant
layer of liver cells. It constitutes a dividing wall be-
tween parenchyma and mesenchyma. This lobular
structure thus shifts the periportal fields with the sup-
plying branches of the hepatic artery and portal vein
to the periphery and the central vein to the centre of
the lobule, which results in centripetal blood flow. The
bile flows centrifugally towards the periphery. (s. figs.
1.18; 2.11�2.13)

3.2 Portal vein lobule

The portal vein lobule was first recognized in the descrip-
tion of the “portal unit” given by F.P. Mall (1906). It re-
sembles a hexagon. The periportal field constitutes the
axis at the centre while the central veins form the limiting
points. (s. fig. 2.13) The glandular character of the liver
is the main criterion of differentiation of the portal vein
lobule. Thus the direction of blood flow is from the centre
towards the periphery (centrifugal) and the direction of
bile flow from the periphery towards the centre (centri-
petal). It could also be demonstrated that the lobule per-
iphery is enclosed by basket-like ramifications of the por-
tal vein (� corbicula portalis). (77) This further empha-
sizes the significance of the hepatic lobule.

3.3 Liver acinus

The functional and microcirculatory hepatic unit forms
the basis for assessing the hepatic acinus (A.M. Rappaport,
1954). (41�43) The portal vascular bundle, with the ter-
minal branches of the hepatic artery and portal vein
diverging fan-shaped after penetrating the lobules, is at
the centre of the acinar structure. These vessels represent
the central axis for the circular blood supply of the related
liver parenchyma. This area is roughly the shape of a
rhombus, the outer angles of which are formed by the two
central veins of the adjacent lobules while the diagonal
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corresponds to the (arterial and portal) terminal vessels.
The central vein at the periphery of the acinus, to which
the sinusoids extend radially, drains off the venous blood;
it is generally known as the terminal hepatic venule (� ter-
minal hepatic vein). (s. p. 17) The liver acinus also serves
as secretory unit for the transport of bile. In the acinus,
the blood flow occurs centrifugally and the flow of bile
centripetally. Three or more acini together form a so-
called complex acinus. • This zonal model has been modi-
fied according to more recent findings, so that zones 1 to
3 do not surround the terminal afferent vessels in an
onion-like way, but are now arranged in circular form
around the vessels. (29) (s. figs. 2.13�2.15)

Fig. 2.13: Diagram of the classic hepatic lobule (I), the portal vein
lobule (II) and the hepatic acinus (III): CV � central vein (�),
P � portal tract (�). Flow direction: venous blood (� blue arrow),
arterial blood (� red arrow) and bile (� green arrow), with the
microcirculatory acinus zones 1, 2, 3. • (cf. W. Ekataksin et al., 1992:
the microvascular unit is regarded as an area in which all liver cells
receive blood from a common terminal vessel)

The zones of the acinus differ in their blood supply cor-
responding to the distance of the hepatic cells from the
periportal field and from the terminal blood vessels,
respectively. Zone 1 has the best supply of oxygen and
substrates; it comprises the (lobule-peripheral) paren-
chyma adjacent to the limiting lamella. Toxins are most
damaging in zone 1. Zone 2 corresponds to the inter-
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mediate area with a reduced supply of blood. Zone 3,
which has the poorest blood supply, is located near the
central vein, i.e. at the end of the microcirculatory sys-
tem of the liver. Having the lowest oxygen supply, this
area has the least resistance to damaging influences,
particularly with regard to oxygen deficiency, and it has
the lowest regenerative capacity. It has also been postu-
lated that the two halves of zone 2 can be added to
zones 1 and 3, respectively, because zone 2 has no separ-
ate functional boundaries of its own. (15) • Zones A, B,
C form concentric circles round the periportal field,
which have a similarly decreasing quality of blood sup-
ply. Thus zone C 1 is better supplied than, for example,
C 3, A 2 or A 3, i.e. the optimal blood supply is not de-
pendent on proximity to the periportal field, but on
proximity to the terminal distributory branches of
the blood vessels or to the limiting lamella. (s. figs.
2.13�2.15)

Fig. 2.14: Diagram of the functional (microcirculatory) liver unit
(“simple acinus”) (A. M. Rappaport, 1960, 1963): terminal hepatic
vein (thV), periportal field (P), zones of different blood supply A,
B, C and 1, 2, 3. Zone 1 (afferent zone): zone richest in O2, nutri-
ents and hormones. Zone 3 (efferent zone): zone poorest in O2,
nutrients and hormones, but enriched with CO2 and metabolites
from zones 1 and 2. (Direction of blood flow is from 1 to 3 and
from A to C)

In correspondence with the oxygen gradient in zones 1
to 3 and A to C, there is a metabolic and enzymatic
“zoning” of the hepatocytes. W. Eger had already de-
scribed “functional zones” in 1954. (9) They have sub-
sequently undergone reclassification as acini, although
they were initially considered to be part of the lobular
structure. This chemomorphology of the acinus is desig-
nated the metabolic heterogeneity of hepatocytes (K. Jun-

germann et al., 1978). (13, 15, 24, 25, 29, 31, 37, 66) Thus differ-
ent metabolic processes are found in the periportal re-
gion (zone 1) and in the perivenous area (zone 3). Add-
itionally, zones 1 to 3 are equipped with a very varied

24

Fig. 2.15: Diagram of the liver lobule and the acinus arranged like
a clover leaf around the portal field according to the acinar struc-
ture (modified from D. Sasse, 1986): central hepatic vein (CV) or
terminal hepatic vein, periportal field (P). Circulatory and meta-
bolically different zones: zone 1 (periportal), zone 2 (intermediate),
zone 3 (perivenous)

stock of enzymes, which does not, however, remain con-
stant. There is also an ultrastructural heterogeneity. In
zone 1, Kupffer cells, microvilli, mitochondria, lyso-
somes and the Golgi structures are more numerous than
in zone 3, and the lumen of the bile capillaries is larger.
(35) By contrast, there is less smooth endoplasmic retic-
ulum in zone 1 than in zone 3 (15,700 µm3 against
21,600 µm3 per cell). (33) The fenestration of the sinus-
endothelium increases continuously from zone 1 to zone
3. (21) • Enzyme content and metabolic capacity of the
hepatocytes depend on the microcirculatory variability
(caused endogenously or exogenously) and can vary
considerably in the individual acinus areas.

Strong arguments have, however, been put forward
against metabolic heterogeneity, at least against the con-
cept of rigid zoning. The columns of the hepatocytes in
the separate zones proved to be variable with regard to
staining characteristics as well as enzyme content. (31)
Surprisingly, it could be unequivocally shown that a
clear cellular multiplication occurs in the peripheral, i.e.
in the periportal, zone and that the hepatocytes formed
here are displaced towards the central vein. The hepato-
cytes migrate through all three zones at a speed of 1.44
µm/day, which is 0.32% of the diameter of the acinus.
(80) From this it can be established that hepatocytes
adopt the respective zonal differentiation during their
migration from zone 1 to zone 3 and that the individual
hepatocyte also receives the complement of enzymes
typical for the respective zones during its spatial dis-
placement. • With regard to their metabolic capacities,
hepatocytes are thus pluripotent: their zonal position,
the variability of microcirculation and their ability to
migrate interzonally may possibly decide which meta-
bolic functions are fulfilled directly and which are “de-
ferred” from zone to zone.
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The morphological unit is the liver lobule. With re-
gard to the histological evaluation of a liver biopsy
specimen, the use of this lobular structure is impera-
tive to pathologist and clinician alike.

On the basis of the acinar concept, the liver acinus can
be seen as a “structural � microcirculatory � functional
unit”, which is nevertheless subject to the blood flow
and the variability of the same.

4 Subcellular structures

Liver cells comprise the cell nucleus (� karyoplasm) and
the cell body (� cytoplasm). Hepatocytes and sinusoidal
cells have various types of organelles in their eosinophilic
cytoplasm such as endoplasmic reticulum, Golgi appar-
atus, lysosomes, mitochondria, peroxisomes, ribosomes,
centrioles and kinetosomes. Numerous and diverse meta-
bolic processes take place with their help. Almost all cyto-
plasmic structures of liver cells are continuously renewed
(up to twice daily). (20, 27, 30, 33, 35, 46�48, 50, 53, 58, 59, 69,
74) (s. figs. 2.9, 2.16�2.18) (s. tab. 2.1)

Fig. 2.16: Hepatocytes (H) in the form of cellular trabeculae with
biliary capillaries (BC), cell nucleus (CN) and nucleolus (N); sinus-
oids (S) with leucocyte (L), endothelial cell (E) and erythrocytes
(ER); Disse’s space (D); � 1,980 (s. figs. 2.10�2.12)

4.1 Cytoplasm

The cytoplasm of the cell is designated hyaloplasm in elec-
tron microscopy and cytosol in biochemistry. It consti-
tutes about 51% of the cell volume and shows a microtu-
bular lattice. (s. fig. 2.17) Basophilia, caused by ribo-
nucleic acid, is the histochemical index for increased
functional activity of the hepatocytes. The smooth endo-
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Fig. 2.17: Hyaloplasm of the hepatocyte: glycogen granules (G),
mitochondria (M), rough endoplasmic reticulum with ribosomes
(R); edge of the cell nucleus (CN); � 32,000 (s. fig. 2.9)

plasmic reticulum is responsible for the pale eosinophilic
colouring of the cytoplasm. Together with the cell mem-
brane, the hyaloplasm is also involved in the formation of
microvilli, pseudopodia, etc. • The watery solution of the
hyaloplasm contains a mixture of molecular components.
Of these, the proteins with about 10,000 different forms
(15�20% of the weight, 10 billion protein molecules) are
by far the most important. Further, glycogen granula in
high numbers as well as pigments and lipid droplets can
be found. Water loss from the hepatocytes gives rise to so-
called dark liver cells (� shrinkage, with catabolic signal);
conversely, water retention gives rise to so-called hydropic
liver cells (� swelling, with anabolic signal). Indeed, the
latter term cannot really be defined as such since numer-
ous changes in the cells are involved.

4.2 Cell nucleus

The nucleus of the liver cell has 1 or 2 nucleoli. (s. fig.
2.18) Its proportion of the cell volume is 6%. About
20�25% of liver cells have 2 nuclei, presumably as a
sign of increased cell activity. Number, size, nuclear pat-
tern or nuclear changes are very varied due to diverse
influences (e.g. age, nutrition, physiological “moulting”)
� above all in pathological processes. About 10�44%
of the nuclei are diploid, 55�80% are tetraploid and
5�6% are octoploid. Increasing polyploidy is deemed a
precancerous phase. The nucleus has a bilaminar “nu-
clear membrane” (D.W. Fawcett, 1955). The inner nuclear
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membrane is connected to the heterochromatin, while
the outer layer is joined via membrane eversions to the
endoplasmic reticulum. Between the two membranes is
the 20�70 nm wide perinuclear cavity, which is con-
nected to the spatial system of the endoplasmic retic-
ulum. • The inner structure of the nucleus is non-homo-
geneous due to granules and the thread-like form of the
chromatin; the latter constitutes the main component of
the nucleus. This comprises chromosomes which con-
tain genetic information in the form of DNA (deoxyri-
bonucleinic acid). With approx. 3 x 109 nucleotides per
nuclei, this information is incredibly tightly packed. The
DNA is firmly attached to histones (nucleosomes).
RNA transcription occurs in the interphase nucleus,
and DNA is reduplicated prior to cell division. In the

Fig. 2.18: Nucleus, nucleolus and hyaloplasm of the liver cell (20):
cell nucleus (CN), marginal nucleolus (N), electron-dense dark nu-
clear capsule (DC), undulating nuclear membrane with (partial)
fusion of the two membranes (NM), endoplasmic reticulum (ER),
mitochondria (M); � 14,600

Membrane Proportion of Number per Function
surface in the hepatocyte hepatocyte

proportion to the cell volume
total hepatocyte

membrane surface

1. Rough 35% 9% 1 Synthesis of proteins, glucose-6-phosphatase,
endoplasmic triglycerides, coagulant factors, etc.
reticulum (RER)

2. Smooth 16% 1 Biotransformation; synthesis of steroid hormones,
endoplasmic 6% phospholipids, bilirubin conjugation, cholesterol,�reticulum (SER) bile acids, glucose metabolism, etc.

3. Golgi apparatus 7%
4. Mitochondria 39% 18�22% 1,700�2,200 Protein secretion, haem synthesis,

transport and degradation functions,
cellular energy generation (ATP), oxidative
phosphorylation, urea synthesis, gluconeogenesis,
liponeogenesis, ketogenesis, β-oxidation of
fatty acids, citric acid cycle, respiratory chain, etc.

5. Lysosomes 0.4% 1% 200�300 Degradation of “foreign” macromolecules in the
cell by means of hydrolytic enzymes, deposition of
copper, ferritin, lipofuscin, bile pigment, etc.

6. Peroxisomes 0.4% 1% 400�1,000 Oxidative degradation processes by means of peroxi-
(microbodies) dases, catalase, xanthine oxidase, degradation of

long-chain fatty acids, antioxidative function, etc.

Tab. 2.1: Numerical and functional summary of the most important organelles (adapted from B. Alberts et al., 1983) (s. figs. 2.9, 2.17)
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metabolically activated nucleus, RNA substances are
concentrated in the nucleolus, in which the ribosomes
are synthesized. It is chiefly the non-activated, non-de-
spiralized chromatin in the form of heterochromatin
which is deposited in the nuclear periphery, so that a
dark nuclear capsule can be differentiated. Number and
size of the nucleoli are dependent upon various influ-
ences. The exchange of substances and the transfer of
genetic or metabolic information between nucleus and
cytoplasm occur predominantly through (1.) diffusion,
(2.) cell membrane pores (diameter ca. 10 nm), and
(3.) pinocytosis.

4.3 Organelles

Various tiny structures, so-called organelles, are embed-
ded in the cytoplasm where they make numerous cell
functions possible. (s. fig. 2.9) (s. tab. 2.1) • The enzyme-
rich mitochondria have an outer and an inner mem-
brane, with the latter forming creases (cristae). The
outer membrane is relatively permeable for small mol-
ecules. However, the inner membrane (which surrounds
the matrix) must use specific transport proteins to en-
able protons, calcium, phosphate and so on to pass. En-
ergy-rich substrates are transformed into ATP in the mi-
tochondria. The enzymes which are responsible for
fatty-acid degradation and the citric-acid cycle can be
found in the matrix. The inner membrane also contains
the enzymes of the so-called respiratory cycle. An enor-
mous number of energy-providing reactions and meta-
bolic processes take effect at this site. They have a
round-to-oval shape with a diameter of about 1 µm.
There are 1,400�2,200 mitochondria per liver cell
(18�22% of the liver cell volume). They generally lie in
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the vicinity of the rough ER and are able to move within
the cell. Multiplication occurs through division. Their
half-life is 9�10 days. (s. figs. 2.17, 2.18) • The endoplas-
mic reticulum (� about 20% of the liver cell volume)
consists of a smooth (SER) (40%) and a rough (RER)
(60%) portion. The rough surface is due to ribosomes
(9�10 million/liver cell); it is also known as ergasto-
plasm (identical to the basophilic granulae). (s. fig. 2.17)
• The SER contains microsomes. It forms tubules and
vesicles as well as being the site of the cytochrome P
450 systems. • The Golgi complex is generally found be-
tween the cell nucleus and the canaliculus and consists
of 4 to 6 cisternae. This membrane system, which is
formed from lamellar vesicles, communicates with the
smooth ER. It is primarily concerned with the intracel-
lular transport of various substances, but also with pro-
cesses of degradation and excretion. • The lysosomes
(200�300/liver cell) lie predominantly close to the cana-
liculus. They are organelles for the digestion and storage
of cellular and noncellular (also exogenous) material.
They contain hydrolytic enzymes, mainly proteases (�
lysosomal enzymes) and acid phosphatase. • The peroxi-
somes (� microbodies) are enzyme-rich and oxidative-
reactive structures. They are round to oval in shape and
0.2�1.0 µm in size. The liver cell contains 400�1,000
peroxisomes; their function is still not fully under-
stood. (47)

4.4 Membrane

Hepatocytes, like the essential organelles, are sur-
rounded by membranes which differ in their function
and structure. The membrane of the hepatocytes con-
sists of lipids (52�54 %), proteins (44�46 %) and carbo-
hydrates (2�4 %). The latter are structural, antenna-like
docking points for tissue-specific receptors. (s. fig. 2.19)
The membrane surface area of 3 � 105 million liver cells
and their organelles is 33,000 m2, i.e. a surface area that
is 5 times larger than that of a football field (inner mem-
brane surface area � 24,000 m2). The basolateral (sinus-
oidal) proportion of the hepatocyte membrane amounts
to approx. 85 %, the apical (canalicular) proportion to
approx. 15 %. The membranes consist of a double layer
(bilayer) of choline phospholipids, into which choles-
terol, proteins, glycolipids and glycoproteins are incorp-
orated with “systematic variability”. This specific struc-
ture makes possible the enormous number of mem-
brane-related functions. The hydrophilic parts of the
phospholipid molecules form the outer and inner
boundaries of the membrane, while the hydrophobic
parts are directed towards its interior. The bilayer mem-
brane is a liquid crystalline system (� fluidity of the
membrane) allowing lateral movement (� lateral dif-
fusion) of the proteins and phospholipids deposited in
this area. In addition, the phospholipids can change
position between the layers (� flip-flop). (74) The side
of the sinusoidal cell turned towards the hepatic lacuna
carries numerous microvilli, increasing the surface area
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of the cell membrane. (50) The form and number of the
microvilli not only depend upon the functional con-
dition of the liver cell, but also upon damaging effects.
• The hepatocyte membrane has multiple and existential
functions such as (1.) mechanical and chemical protec-
tion, (2.) demarcation of neighbouring cells, (3.) link
with the extracellular matrix, (4.) contact and interac-
tion with neighbouring cells, (5.) signal exchange be-
tween intra- and extracellular space, (6.) transport
mechanisms, (7.) enzymatic reactions, (8.) anchoring of
the cytoskeleton.

Fig. 2.19: Diagram of the plasma membrane showing its integral
proteins (fluid mosaic model) (adapted from S. J. Singer et al., 1972
and H. Knüfermann, 1976). • 1: external aqueous milieu, 2: internal
aqueous milieu, 3: fracture plane of the apolar membrane layer,
4: externally orientated intrinsic protein (ectoprotein), 5: internally
orientated intrinsic protein (endoprotein), 6: external extrinsic
protein, 7: internal intrinsic protein, 8, 9: membrane-penetrating
proteins with hydrophobic interactions in the inside of the mem-
brane (P � polar region), 10: membrane pervaded by glycoprotein
with sugar residues (���), 11: lateral diffusion (A) and flip-flop (B),
12: hydrophilic region (A) and hydrophobic region (B) of the
bilayer membrane

4.5 Cytoskeleton

The cytoskeleton, made up of protein fibres, consists
of dynamic structures with the ability to adapt their
form rapidly to any respective requirements. It is im-
portant for the overall organization of the cell (e. g.
transport processes, organelle movement, cell po-
larity, and cell division). It comprises the following
components: (1.) actin filaments, (2.) microtubules,
and (3.) intermediate filaments. (11) (s. fig. 2.9)

Thread-like actin filaments (microfilaments) spread
through the hepatocytes creating a three-dimensional
network and ensuring both form and stability of the
cell. They also guarantee the shape of the microvilli and
fenestrae as well as supporting the mechanical functions
of the canaliculi. In addition, they influence the vis-
cosity of the cytoplasm. Cytochalasin A depolymerizes
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actin with lumen enlargement of the canaliculi, thus
causing cholestasis; in this way phalloidin both stabil-
izes and inhibits the bile flow (M. J. Philipps et al., 1987). •
The tube-like microtubules consisting of tubulin also
form a network within the cell. They serve the targeted
transport of subcellular substrates or organelles, and
they are important for the mitotic mechanisms involved
in cell division. • The intermediate filaments also have
a tubular structure and, in addition to their stabilizing
functions, probably serve the intracellular transport of
materials, too. • Microtrabeculae have also been postu-
lated (possibly as a special form of actin filaments), for-
ming a three-dimensional cytoplasmic meshwork, in
which enzymes may also be deposited. The microtrabec-
ulae form a dynamic lattice and in this way are connec-
ted with all organelles, microtubules and filaments as
well as with the nuclear and cellular membranes. Vari-
ous “motor proteins” produce a diverse range of mo-
tilities at the cellular and subcellular level. • This gives
rise to the cytoplast, the vital functional unit of the
liver cell.

5 Stem cells

Stem cells are progenitor cells which are not yet specif-
ically formed. They can multiply almost infinitely and
form nearly all 210 tissue types in the human being.
Depending on their derivation, they are defined as fol-
lows: (1.) embryonal (� taken from the inner cell mass
of the blastocysts), (2.) foetal (� isolated from 5�9
week-old abortive foetuses, and (3.) adult (� taken from
the tissue of adults or children by means of biopsy or
from the umbilical cord of newborns. Adult stem cells
are limited in number and life span; they do, however,
have a broader development potential than so far as-
sumed. They have also been found in the liver. The
transformation of stem cells from the bone marrow into
hepatocytes has been carried out successfully. • Liver
stem cells (7�15 µm) can develop both primary cell
types of the liver, (1.) mature hepatocytes and (2.) bili-
ary epithelial cells. These stem cells are deemed to be
genuine liver stem cells, and not merely derived from the
activation of immature oval cells in the liver. (54, 59, 60,
81) (s. fig. 2.20)

Fig. 2.20: Cell types with the ability to form hepatocytes and bili-
ary epithelial cells
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3 Biochemistry and Functions of the Liver

1 Metabolic functions of the liver

� The morphological and functional integrity of the
liver is vital to the health of the human organism. This
essentially depends upon constant maintenance of the
numerous biochemical functions of the liver and the di-
verse metabolic processes occurring in the hepatocytes
and sinusoidal cells.

The liver ensures that approximately 70 partial func-
tions within 12 major metabolic areas proceed either
continuously or in biological (e.g. circadian) rhythms, or
vary according to specific requirements. (s. tab. 3.1)

1. Bilirubin metabolism
2. Porphyrin metabolism
3. Bile acid metabolism
4. Amino acid and protein metabolism
5. Carbohydrate metabolism
6. Lipid and lipoprotein metabolism
7. Hormone metabolism
8. Vitamin metabolism
9. Trace elements and the liver

10. Biotransformation and detoxification function
11. Alcohol degradation
12. Acid-base balance

� About 500 separate biochemical processes occur in
one single liver cell!

Tab. 3.1: Essential biochemical metabolic functions of the liver

Metabolic processes utilize a variety of differing and
contrasting biochemical routes to enable synthesis of
degradation and activation or deactivation of sub-
stances; in addition, they facilitate cellular uptake and
excretory mechanisms. Moreover, there are various links
between different metabolic pathways and functional
processes. Intermediate chemical products generated in
the course of metabolic reactions may be taken up by
other pathways or cycles. Substrates are shifted between
subcellular structures, and the metabolic end-products
of one process are often used as the original substrate
for new syntheses.

A general picture of the intricate complexity of various
cycles, biochemical pathways and metabolic reactions
within the liver has been excellently presented in two
posters. (27)*

*) 1. Holldorf, A. W., Krahl-Mateblowski, U., Mateblowski, M.,
Wütherich, S.: Pathways of metabolism in liver. (9th Ed.,
1992)

2. Reutter, W., Geilen, Ch., Baum, O.: Metabolic pathways in
the liver cell. (6th Ed., 1998)
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2 Regulatory metabolic mechanisms

The intricate network of biochemical reactions occur-
ring within the restricted volume of the liver cell re-
quires subtly controlled metabolic regulatory mech-
anisms. (28) These occur on four levels: (1.) at the mo-
lecular level, (2.) within the organelles, (3.) at the
cellular level, and (4.) at the organ level.

(1.) Regulation may occur at the molecular level for ex-
ample:
� through negative feedback, whereby the end-product

of a metabolic reaction inhibits the activity of the
enzyme which determines the speed of reaction. This
affords a rapid adaptation of specific chemical reac-
tions in response to alterations in metabolic con-
ditions;

� through changes in the actions of activators and in-
hibitors;

� through modulation of enzyme activities;
� through changes in the rate of enzyme synthesis or

degradation.

(2.) Regulation can take place within the organelles for
example:
� Protein synthesis occurs in the ribosomes of the

rough endoplasmic reticulum � by contrast, the pro-
cess of protein degradation occurs in the lysosomes.

� Fatty acids are synthesized in the smooth endoplas-
mic reticulum, but they are broken down in the mito-
chondria.

(3.) Regulation may be effected at the cellular level for
example:
� Hepatocytes display metabolic heterogeneity accord-

ing to their zonal location within the acinus. (42) (s.
p. 24) Specific chemical processes thus proceed ex-
clusively or predominantly in the hepatocytes of the
periportal or the perivenous zones. The zonally segre-
gated reactions may also be regulated separately. It
seems that, under certain conditions, metabolic pro-
cesses are also “shifted” from one zone of the acinus
to another.

� Hepatocytes interact closely with the sinusoidal cells
and Kupffer cells (e. g. in the breakdown of erythro-
cytes and the degradation of pyrimidine nucleotides).

� Hepatocytes and sinusoidal cells are influenced by
vegetative nerve fibre endings in Disse’s space.

(4.) Regulation of metabolic processes may be achieved
through biochemical interactions at the organ level for
example:
� between the liver and the musculature
� between the liver and the kidneys
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� between the liver and the endocrine system
� between the liver and the intestine

Zonal heterogeneity
Although hepatocytes appear to be relatively uniform
under the light microscope, they display structural
heterogeneity when viewed under an electronic micro-
scope and functional heterogeneity on a metabolic level.
(s. p. 24) This heterogeneous zoning provides optimum
control and prevents futile cycles. However, the zones
have no clear-cut boundaries, and merge freely with
each other. (10, 28, 42�44, 46) (s. tab. 3.2)

Periportal zone (zone 1) Perivenous zone (zone 3)

Hepatocytes smaller Hepatocytes larger
Mitochondria larger Mitochondria smaller
Golgi membrane � Golgi membrane �
Golgi glycogen � Golgi glycogen �
Smooth ER � Smooth ER �
Lysosomes � Lysosomes �

Fenestrae � Fenestrae �
Kupffer cells � larger Kupffer cells � smaller
Ito cells � Ito cells �
PIT cells � PIT cells �

� gluconeogenesis � glycolysis
� β-oxidation of fatty acids � liponeogenesis
� urea synthesis from amino � glutamine synthesis

acids � glutamate transport
� glutamine hydrolysis � cytosolic carbonic
� amino acid degradation anhydrase
� mitochondrial carbonic � bile acid-independent

anhydrase fraction
� bile acid-dependent � glycogen synthesis from

fraction glucose
� glycogen synthesis from � glycogen degradation to

lactate or amino acids lactate
� glycogen degradation � biotransformation
� O2 uptake � ketogenesis
� cholesterol synthesis
� citrate cycle
� respiratory chain reactions
� pigment deposition

Tab. 3.2: Morphological heterogeneity of liver cells and organelles
as well as metabolic heterogeneity of hepatocytes according to
their respective zonal location in the acinus (s. pp 23, 24)

Bile acids are channelled from the sinusoids periportally
via transport systems with low affinity and high cap-
acity, and in the perivenous area via transport systems
with high affinity and low capacity. The bile acids are
therefore excreted with decreasing concentration from
the periportal to the perivenous area.

Intrahepatic biliary epithelium also plays a contributory
role in functional heterogeneity. The absorption and se-
cretory processes along the bile ducts fulfill different
functions. Such cholangiocytic heterogeneity can also be
detected in various reactions to different forms of dam-
age. (46)

In addition to the regulatory mechanisms listed above,
metabolic processes may be altered at the cellular and
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subcellular levels by further influencing factors such as
hormones, vitamins, trace elements and the autonomic
nervous system. • The liver requires ca. 340 kcal/day in
order to carry out all its functions adequately.

3 Bilirubin metabolism of the liver
� The complete structure of bilirubin was described as an open
tetrapyrrole derivative of haem by H. Fischer in 1935.

Bilirubin is an organic anion. It is mainly (ca. 80 %)
derived from the degradation of ageing erythrocytes in
the spleen, liver (hepatocytes, Kupffer cells), kidneys
and bone marrow. Approximately 36.2 mg bilirubin are
produced from 1 g haemoglobin. The daily output of
bilirubin is 250�350 mg (3.8 ± 0.6 mg/kg BW).

The oxidation of haem, a complex consisting of iron and
protoporphyrin which is derived from haemoglobin, is
effected by haem oxygenase to produce biliverdin IXα.
This is converted to bilirubin IXα by biliverdin re-
ductase. The reaction speed of this process is governed
by the haem oxygenase. This enzyme complex contains
the inducible cytochrome P 450, which accelerates bili-
rubin production when the haemoglobin level is ele-
vated. A small proportion of bilirubin (20�30%) is pro-
duced from the degradation of other metalloporphyrins.
(s. fig. 3.1)

Bilirubin � an apolar, water-insoluble lipophile sub-
stance � is potentially toxic. It is bound to serum albu-
min and transported to the sinusoidal membrane of the
liver cell as a bilirubin-albumin complex. (s. fig. 3.1) The
binding capacity of albumin is exceeded only at a serum
bilirubin concentration of >4�5 mg/dl. In the case of
decreased albumin binding (e. g. in acidosis) or oversat-
urated binding capacity, there is a danger of toxic cell
damage due to the diffusion of unbound bilirubin into
the cells (in some cases accompanied by kernicterus).
Neonates and premature babies are at particular risk
because of their immature blood-cerebrospinal fluid
barrier. Albumin-bound bilirubin can function as an
antioxidant to intercept free radicals and/or O2 radicals.
(93) (s. tab. 3.25)

The precursory peak or shunt bilirubin (10�20%) is
formed during the first 3 days of life from the break-
down of erythrocyte precursors in the bone marrow. A
smaller proportion originates from haemoproteins in
the liver. In increased erythropoiesis or in dyserythro-
poiesis, the proportion of precursory bilirubin is raised.
• Albumin is bound to the sinusoidal surface of the cell
membrane (by a specific receptor?), and detachment of
bilirubin follows. Subsequently, nonspecific membrane
glycoproteins mediate the active bilirubin uptake (even
against a concentration gradient) into the liver cell. •
Binding of the bilirubin to the Y protein (� ligandin,
identical to glutathione-S transferase) is effected in the
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cytosol of the liver cell, preventing both movement of
bilirubin from the cytosol into the cellular organelles
and its diffusion back into the bloodstream. With a
higher bilirubin concentration and a saturation of the Y
protein, bilirubin is bound to the Z protein (� fatty

haem

haem oxygenase
(present in all tissues)

biliverdin IX

biliverdin reductase

bilirubin IX
indirect bilirubin = water-insoluble

uptake at the sinusoidal membrane
– separation of albumin
– binding of bilirubin to membrane transport proteins

binding and storage of bilirubin
coupled to Y proteins (= ligandin)
less frequently to Z proteins (= transport reserve)

conjugation
direct bilirubin = water-soluble
– monoglucuronidation (20–40 %)
– diglucuronidation (60–80 %)

intracellular transport

concentration (ca. 100-fold)
excretion at the biliary membrane

deconjugation = degradation in the intestine
(bacterial -glucuronidase)

urobilinogen

urobilin

stercobilinogen

stercobilin

bilirubin-albumin complex in the blood
(small amounts [0.6–1.6 mol/l] of unbound bilirubin)

enterohepatic

circulation

stool urine

myoglobin
cytochromes
oxygenases
catalases
tryptophan
pyrrolase
etc.

haemoglobin

bilitranslocase

cMOAT/cMRP

Fig. 3.1: Diagram showing bilirubin metabolism
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acid-binding protein). It has a lower affinity with, but a
larger capacity for bilirubin than ligandin. (5, 20, 84)

The conjugation of bilirubin occurs in the SER, me-
diated by microsomal enzymes: bilirubin is esterified
with glucuronic acid through the action of UDP-glucu-
ronyltransferase (localized in the q 37 area of chromo-
some 2) to produce monoglucuronide. The subsequent
diglucuronidation takes place in the RER. (s. fig. 3.1)
The conjugation converts indirectly reacting (lipophilic,
unconjugated, water-insoluble, primary) bilirubin to dir-
ectly reacting (water-soluble, conjugated, secondary)
bilirubin, which is consequently eliminated via the bile
and urine. The conjugated form of bilirubin is normally
present in the blood in 3�10% of the total serum biliru-
bin. A small amount of bilirubin is covalently bound to
protein, a proportion of which reaches the serum as δ-
bilirubin (half-life in serum is 14 days). • The intracellu-
lar transport of bilirubin is effected via the microtubules
of the Golgi apparatus and also by means of passive
diffusion processes in the cytosol.

Active excretion occurs in the canaliculi at the canalicu-
lar membrane, albeit independently of bile acids, by
means of nonspecific transport proteins (mainly by
MOAT), but is independent of bile acids; during this
process bilirubin is found in 100-fold concentrations.
Various substances compete with the bilirubin excretory
process for this nonspecific carrier system. Bilirubin is
transported together with cholesterol, bile acids and
phospholipids in mixed micelles or vesicles. Bilirubin di-
glucuronide is discharged into the intestine together
with the bile. Absorption is neither possible from the
gall bladder nor from the intestine; in general, no
enterohepatic reabsorption of bilirubin takes place. The
glucuronic acid moieties are released by the action of
β-glucuronidase from enteric bacteria, and bilirubin is
converted into colourless, stereoisomeric urobilinogen by
bacterial reductases. Oxidation of urobilinogen gives
rise to urobilin and stercobilin, which, together with their
degradation products, are responsible for the brown col-
our of the stools. A portion of the urobilinogen (ca. 1 %)
is reabsorbed, transported through the portal vein back
to the liver and re-excreted via the bile (� enterohepatic
circulation). A small proportion of the urobilinogen in
the blood is eliminated from the body in the urine
(1.0�3.5 mg/day; 1.7�5.9 µmol/day). Some 70�470
µmol (40�280 mg) stercobilin are excreted in the stools
daily. (s. figs. 3.1; 5.3) (see chapter 12)

4 Porphyrin metabolism of the liver

Porphyrins represent the prosthetic groups of haemo-
proteins (haemoglobin, myoglobin, cytochromes, oxy-
genases, catalases, peroxidases, etc.). The chemical par-
ent compound of the porphyrins is the tetranuclear pyr-
rolic dye, porphin. • The capacity for haem synthesis is
common to almost all cells, but is especially important
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in the erythrocyte precursors for the synthesis of haemo-
globin and in the hepatocytes for the synthesis of he-
patic haemoproteins. Haem synthesis mainly takes place
in the bone marrow (80�85%) and in the liver (ca.
15%). Two-thirds of the haem synthesized in the liver
are required for the formation of cytochrome P 450.
Daily production of haem amounts to ca. 300 mg
(0.7�1.6 µmol/kg BW), of which only 1% is excreted
unused in the urine and stools. The action of oxygen
gives rise to the strongly red-fluorescing (λmax � 366
nm) porphyrins. (s. fig. 7.10) • Haem synthesis begins in
the mitochondria, then progresses through a series of
cytosolic reactions before being completed again in the
mitochondria. (s. fig. 3.2) The porphyrinogens represent
colourless intermediate products. Each step in this pro-
cess is enzymatically controlled. • The regulation of haem
synthesis is highly efficient, whereby 3 enzymes play key
roles: (1.) δ-aminolaevulinic acid synthase, (2.) uropor-
phyrinogen synthase, and (3.) ferrochelatase. The most
crucial enzyme is δ-aminolaevulinic acid synthase, whose
activity is subject to negative feedback control by the end-
product haem � i. e. haem controls its own rate of syn-
thesis. Porphyrins are irreversible oxidation products.
With the exception of protoporphyrin, they are not util-
ized for other purposes, but are excreted. Under patho-
logical conditions, they are stored in cells. Some inter-
mediate products are eliminated in the stool (e.g. proto-
porphyrin IX) and others in the urine (e.g. coproporphy-
rin III, uroporphyrin I). (s. tab. 3.3) • Important inducers
of δ-aminolaevulinic acid synthase include: barbiturates,

succinyl CoA 
+ glycine

δ−aminolaevulinic
acid synthase

δ−aminolaevulinic
acid

porphobilinogen
synthase

porphobilinogen

pre-uroporphyrinogen

uroporphyrinogen I

haem

ferrochelatase

protoporphyrin

oxidase

protoporphyrinogen

oxidase

coproporphyrinogen
coproporphyrin III 

uroporphyrinogen
decarboxylase

uroporphyrinogen III

deaminase

mitochondria

uroporphyrinogenIII

synthase

cytosol

Fig. 3.2: Diagram showing porphyrin metabolism with haem syn-
thesis in the liver (0.7�1.4 µmol/kg body weight per day � ca.
10�20% of total haem synthesis) (s. tab. 3.3)
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sulphonamides, oestrogens, androgens, alcohol and fast-
ing. (see chapter 31.15)

µmol/24-hour urine

δ-aminolaevulinic acid 1.9�49.0
porphobilinogen 0.5� 7.5

µmol/24-hour urine

uroporphyrin 4�29
coproporphyrin 21�119
bicarboxyporphyrin 0�1

µmol/g stool

uroporphyrin 1�5
coproporphyrin 5�37
protoporphyrin 20�150

Tab. 3.3: Reference values of porphyrins and their precursors in
urine and the stool for differential diagnosis of porphyria

5 Bile acid metabolism of the liver

5.1 Biosynthesis of bile acids

The complete structure of the bile acids was elucidated by H.
Wieland in 1932.

� The primary bile acids are formed in the hepatocytes
as liver-specific degradation products of cholesterol due
to the action of microsomal, peroxisomal and mito-
chondrial enzymes; they are linked to cytosolic proteins.
The initial enzyme in the biosynthesis, cholesterol-7α-
hydroxylase, is also the rate-determining one. This en-
zyme, a cytochrome P 450 mixed-function oxidase, is
localized in the SER. Its enzymatic activity is regulated
by a negative feedback mechanism, in which bile acids
re-enter the liver after passage through the entero-
hepatic circulation. After a possible second hydroxyl-
ation, the enzymatic removal of side chains as well as
the introduction of a carboxylic group take place in the
mitochondria. (s. fig. 3.3) • Two primary bile acids are
thus synthesized. Twice as much cholic acid (1 mmol)
as chenodeoxycholic acid is produced (1 mmol corre-
sponds to 0.4 g free bile acid). The two bile acids re-
present 60�90% of the total bile acid production:

1. Cholic acid (ca. 40%)
(3α-,7α-,12α-trihydroxy-5β-cholanic acid)

2. Chenodeoxycholic acid (ca. 40%)
(3α-,7α-dihydroxy-5β-cholanic acid)

Biosynthesis of the two primary bile acids is followed
by conjugation of their carboxylic group with the amino
group of either glycine or taurine, mediated by a cyto-
plasmic enzyme. By means of this conjugation, the pri-
mary bile acids, which initially are barely water-soluble,
become anions and are thus rendered hydrophilic. In
this way four conjugated bile acids are formed:



Chapter 3

1. Glycocholic acid 24%
2. Taurocholic acid 12%
3. Glycochenodeoxycholic acid 24%
4. Taurochenodeoxycholic acid 12%

� ca. 72% conjugated primary bile acids

� The secondary bile acids result from the activity of
anaerobic intestinal microorganisms in the ileum, cae-
cum and colon. (s. fig. 3.3) • Deconjugation, with the
subsequent release of free bile acids, is a prerequisite for
these reactions. This is followed by 7α-dehydroxylation
of cholic acid and chenodeoxycholic acid to yield deoxy-
cholic acid and lithocholic acid, respectively. 7α-de-
hydrogenation and oxidation of chenodeoxycholic acid
also yield ketolithocholic acid:

1. Deoxycholic acid
(3�-,12�-dihydroxy-5β-cholanic acid)

2. Lithocholic acid
(3�-hydroxy-5β-cholanic acid)

3. Ketolithocholic acid
(3�-hydroxy-7keto-5β-cholanic acid)

1. primary
bile acids cholic acid chenodeoxy-
(liver) cholic acid

2. secondary
bile acids
(intestine) deoxycholic lithocholic ketolitho-

acid acid cholic
acid

3. tertiary
bile acids
(liver and sulpholitho- ursodeoxy-
intestine) cholic acid cholic acid

acetyl CoA

HMG-CoA inhibition/ 
reductase activation

cholesterol

7 hydroxy- inhibition/ 
lase activation

Fig. 3.3: Biosynthesis of bile acids

The secondary bile acids become partially (30�50%)
absorbed in the intestine and, following reconjugation
with glycine or taurine in the liver, are excreted into the
canaliculi. The bile thus contains a mixture of primary
and secondary bile acids. Deoxycholic acid as a second-
ary bile acid is likewise an “end-product”; it enters the
enterohepatic circulation without further modification.
• Conjugation of the secondary bile acids in the liver
yields the following four conjugated bile acids:

36

1. Glycodeoxycholic acid 16%
2. Taurodeoxycholic acid 8%
3. Glycolithocholic acid 0.7%
4. Taurolithocholic acid 0.3%

� ca. 25% conjugated secondary bile acids

� The tertiary bile acids are formed in the liver as well
as in the gut. (s. fig. 3.3) • Intestinally absorbed litho-
cholic acid is enzymatically converted to sulpholitho-
cholic acid in the liver. Ketolithocholic acid is trans-
formed to (hypercholeretic) ursodeoxycholic acid in
both the intestine and the liver. When passing through
the canaliculi, UDC is partly reabsorbed by epithelial
cells and returned to the liver via the blood circulation
(� cholehepatic shunt). (41) The latter is chemically and
structurally identical to chenodeoxycholic acid, of
which it is deemed to be the 7β-epimer:

1. Sulpholithocholic acid
(3-sulphohydroxy-5β-cholanic acid)

2. Ursodeoxycholic acid (2�5%)
(3�-,7β-dihydroxy-5β-cholanic acid)

The bile acids may be further modified by enzymatic reactions. The
enzymes involved have been found in the liver, intestine and kidney.
By their action, conjugated and unconjugated primary or second-
ary bile acids may become bound to sulphuric acid, glucuronic
acid or glucose. A further improvement in water-solubility can be
obtained by sulphation or glucuronidation.

Regulation of the biosynthesis of bile acids is predomin-
antly achieved through feedback by the respective daily
loss quota. Further regulations are effected by HMG-
CoA reductase and 7α-hydroxylase, which are them-
selves chiefly adjusted by ursodeoxycholic acid. (s. fig
3.3) With advancing age, bile acid synthesis in the liver
decreases and excretion of cholesterol in the bile in-
creases. • The terms “bile acids” and “bile salts” are
interchangeable.

5.2 Enterohepatic circulation of bile acids

� Bile acid production amounts to 400�500 mg/day (ca.
1 mmol). Excretion in the stool is of a similar order;
accordingly, renewed synthesis of bile acids is deter-
mined by the daily loss. Excretion in the urine lies below
0.5 mg/day (8 µmol/day) � this small amount may be
disregarded.

� The body’s bile acid pool (2�5 g, 5�10 mmol) is held
constant by the balance between the rates of synthesis
and excretion. This pool is brought into circulation
3�10 times/day by biliary secretion of the bile acids into
the intestine at a rate of 12�24 g/day (30�60 mmol/
day). As a general rule, the pool circulates 2(�3) times
per meal. Approximately 95% of the intestinal bile acids
are reabsorbed. The hourly uptake of bile acids by the
liver is in the order of 450 µmol (180 mg).
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Circulation of the bile acids is guaranteed by several
metabolic pump systems in such a way that they are also
transported against a concentration gradient. (3, 11, 15,
19, 23, 30, 37, 50, 56, 59, 70, 81, 92, 94, 100)

(1.) Bile acid uptake at the sinusoidal membrane surface is achieved
actively by several Na�-dependent (NTCP) as well as Na�-inde-
pendent (OATP) carrier proteins and passively by facilitated “bio-
logical” diffusion or free “physical” diffusion processes.
(2.) Bile acid release occurs at the biliary membrane surface in the
canaliculi either actively, facilitated by ATP-driven carrier glyco-
proteins such as MRP2 (also called cMRP or MOAT) and BSEP
(identical to cBAT), or by exocytosis of intracellularly derived
mixed vesicles, or with the help of a potential-dependent mem-
brane carrier.
(3.) Bile acid uptake at the mucosal surface of the enterocytes pro-
ceeds actively either through Na�-dependent carrier systems in the
ileum or by free diffusion in the ileum and colon.

The gall bladder and upper small intestine serve as mechanical
stores with the ability to drive the circulation of the bile pool by
peristaltic action. • The bile acids become bound chiefly to albu-
min or HDL for transport in the blood. Incorporation into HDL
is effected by apolipoproteins A1 and A2. • Uptake into the hepato-
cytes is mediated by a membrane-specific transport system, which
comprises polypeptides and glycoproteins with strong affinities for
bile acids. This influx process is predominantly an active transport
mechanism against an electrochemical gradient. Energy is supplied
by Na�/K�-ATPase. • Intracellular transport of bile acids to the
biliary pole of the hepatocytes follows after their binding to cytosolic
proteins: “free” bile acids would be damaging to subcellular struc-
tures because of their amphiphilic nature and detergent activity.
As in the case of bilirubin, vesicles of the endoplasmic reticulum
and of the Golgi apparatus as well as of the cytoskeleton are in-
volved in transcellular transport.

All bile acid transport systems possess a high reserve
capacity, the potential of which greatly exceeds the nor-
mal maximum secretion level. Bile acid cross-over from
the enterohepatic into the peripheral circulation arises
only in the case of massive disturbances in secretion
(e. g. in cholestasis). The approx. 1% proportion of bile
acids present in the peripheral system remains constant,
both pre- and post-prandially. The first-pass elimination
of bile acids from the portal blood reaches 70�90%,
depending on their type and conjugation status. The bile
acids have a half-life of 2�3 days.

5.3 Functions of bile acids

The essential functions of bile acids are found in choles-
terol metabolism, digestion and resorption of fats in the
intestine, and regulation of bile flow. (s. tab. 3.4)

Conjugated bile acids have amphiphilic properties in
that all their hydrophilic groups lie on one side of the
molecule and their hydrophobic (lipophilic) groups on
the opposite side. This explains their capacity for micelle
formation. Owing to their internally orientated hydro-
phobic groups, such bile acid micelles are able to take
up water-insoluble compounds (cholesterol, triglycer-
ides, fat-soluble vitamins, etc.) and then keep them in
“solution” in the aqueous milieu by means of their out-
wardly orientated hydrophilic groups. On attaining a
critical size, the disk shape of the micelle is transformed

37

into a bubble-like structure (� vesicle, liposome). The
micelle may also serve as an excretory mechanism for
heavy metals such as copper and mercury.

1. Cholesterol metabolism
a. reduction in excess cholesterol

� through degradation of cholesterol to bile acids
� by solubilization of cholesterol in the bile

b. regulation of cholesterol synthesis in the liver
and intestine

c. regulation of cholesterol output into the bile
� 3α-,7α-bile acids inhibit secretion
� 3α-,12α-bile acids increase secretion

2. Digestion and resorption of dietary fats
a. by formation of micelles
b. by stabilization and activation of enzymes

(e. g. pancreatic lipase, phospholipase A2,
pancreatic cholesterol esterase)

3. Effects on the bile flow due to osmotic water move-
ment

4. Effects on bile secretion
a. monohydroxy bile acids function cholestatically
b. dihydroxy and trihydroxy bile acids have a

choleretical effect
5. Emulsification of fat-soluble vitamins
6. Stimulation of intestinal motility

Tab. 3.4: Functions of bile acids

5.4 Composition and secretion of bile

Primary bile, already containing various compounds (�
solutes) collected during transcellular transport, is
formed by osmotic filtration at the canalicular membrane
of the hepatocytes. It is yellow to orange in colour. Para-
cellular incorporation of further solutes into the bile oc-
curs via the intercellular gap and the tight junctions. The
canalicular bile flow comprises two fractions:

(1.) The bile acid-dependent fraction (250 ml) is formed chiefly in
the periportal acinus. (s. tab 3.2) There is a linear relationship be-
tween bile acid excretion and bile flow. Osmotic filtration of water
and inorganic ions is proportionally elevated (dependent upon bile
salt concentration). Other secretory mechanisms or pump systems
may also be activated by bile acids.

(2.) The bile acid-independent fraction (200 ml) is to be found in
the absence or near absence of bile acids. This fraction is formed
chiefly in the perivenous acinus. (s. tab. 3.2) However, Na�/K�-
ATPase, glutathione and an active bicarbonate transporter also
play an important role. Likewise, the prostaglandins A1, E and E2

stimulate the production of this fraction.

The bile acid uptake capacity at the sinusoidal mem-
brane is 8�10 times higher than the secretion rate at the
canalicular membrane. Approximately 450 ml canalicu-
lar bile are formed daily, each fraction constituting half
of this total. Secretion of bile into the canaliculi is
further assisted by microfilaments. In the case of loss of
microfilament function, the canaliculi become broad-
ened and immobile, thereby also inhibiting the bile flow.
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This volume of secretion is supplemented in the ductules
by ca. 150 ml ductular bile, resulting in a daily production
of ca. 600 ml. Bile formation is lower at night than during
the day. The most important constituents of the so-called
liver bile are the bile acids, phospholipids, proteins, chol-
esterol and bilirubin. The term bile lipids includes choles-
terol, bile salts and phospholipids. The manner in which
cholesterol is excreted into the gall bladder is not yet
known, nor have any cholesterol-specific transport sys-
tems been detected. Cholesterol is primarily broken down
into bile acids. (see above) (s. tab. 3.5)

Bile acids (bile salts) (3�45 mM) 67%
Phospholipids (150�800 mg/dl) 22%
Protein, IgA, IgM, glutathione 5%
Cholesterol (80�200 mg/dl) 4%
Bilirubin (1�2 mM) 0.3%
Electrolytes (Na�, K�, Ca��, HCO3

�)

Water 90�95% pH 6.2�8.5
Solutes 5�10% Spec. gravity 0.995�1.008

Tab. 3.5: Composition of ductular bile (so-called liver bile)

6 Amino acid and protein
metabolism of the liver

The body contains approx. 14,000 g protein in total.
There is a 24-hour turnover of 600�700 g of the amino
acid pool. The musculature has the highest absolute rate
of protein synthesis. The protein synthesized here is re-
tained for exclusive use in the muscles. In relation to its
weight, the liver generates more protein than the muscu-
lature. The synthesis rate in the liver amounts to 120 g/
day, whereby 70�80% of these proteins are released by
the hepatocytes, so that only 20�30% remain available
for their own use. Plasma protein turnover is 25 g/day,
that of the total tissue protein approx. 150 g/day. Amino
acid turnover and protein synthesis proceed rapidly
and continuously.

6.1 Biochemistry of amino acids

Human protein metabolism is essentially dependent on
20 amino acids. These amino acids lend themselves to
various classification criteria, which also give hints re-
garding their biochemical functions (s. tab. 3.6):
1. according to their metabolic characteristics into ketogenic and

glucogenic amino acids;
2. according to their chemical structure into α-, β- and γ-amino

acids;
3. according to their configuration into D- and L-amino acids;
4. according to their isoelectric point into neutral, acidic and basic

amino acids as well as amphoteric amino acids;
5. according to the polarity of their side chains into polar amino

acids (with neutral � hydrophilic side chains) and nonpolar
amino acids (with neutral � hydrophobic side chains) as well as
those carrying basic � hydrophilic side groups (e.g. aspartate,
glutamate) or those carrying basic � hydrophobic side groups
(e.g. arginine, histidine, lysine);

6. according to their biosynthesis in the human organism into 8
essential, 10 non-essential and 2 semi-essential amino acids.
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Essential amino acids are indispensable in that the body
is incapable of replacing them simply by using its own
synthesizing facilities: they must either be supplied in
adequate quantities from outside or generated by deg-
radation of body proteins. • Non-essential amino acids
are synthesized in the liver, muscles, kidneys and intes-
tine. Only the synthesis of arginine from ornithine and
the hydroxylation of phenylalanine to tyrosine are liver-
specific reactions.

The division between branched-chain amino acids (iso-
leucine, leucine, valine) and the group of aromatic amino
acids (methionine, phenylalanine, tryptophan, tyrosine)
is of clinical relevance. (s. tab. 3.6) (s. fig. 3.4)

The amino acid pool (600�700 g) is distributed among
the musculature (80%), the liver (15%) and the plasma
(5%). The proportion of free amino acids merely
amounts to about 0.5% of the total amino acids con-
tained in the body proteins. Of this amount, 300�500 g
are used daily for protein synthesis, and approx. 2 g are
used for the synthesis of other N-containing compounds
(e. g. purines, porphyrins, pyrimidines); a further
120�130 g are degraded per day. • This daily amino
acid consumption is replaced from three sources, so that
the amino acid pool is maintained at a constant level:
(1.) 70�100 g should be contained in the diet, (2.)
300�500 g derive from protein degradation, and (3.)
30�40 g are replenished from the biosynthesis of non-
essential amino acids. The essential amino acids released
by proteolysis are utilized as rapidly and completely as
possible in the neosynthesis of proteins (� recycling of
essential amino acids).

The degradation of essential amino acids proceeds pri-
marily in the liver � only the three branched-chain
amino acids (isoleucine, leucine, valine) are broken
down almost exclusively in the muscles. Non-essential
amino acids can be degraded in the liver and muscles
(but also in other organs). This is effected mainly by
transamination and oxidative deamination. (16) • The C-
skeleton, an intermediate product in amino acid degrad-
ation, is used for energy production in the citric acid
cycle. Ketoplastic amino acids serve to produce energy
while glucoplastic amino acids guarantee gluconeogen-
esis. (s. fig. 3.4)

The amino group is excreted to a minor extent as am-
monia. Because of its toxicity, ammonia must be rapidly
converted into a nontoxic derivative. This is achieved by
the binding of ammonia either to α-ketoglutarate or to a
PO4 ion to produce glutamate or carbamylphosphate,
respectively. Both compounds are subsequently chan-
nelled into the urea cycle. A third alternative metabolic
pathway is the coupling of ammonia to glutamate to yield
glutaminic acid, which is then eliminated in the urine. The
“temporary ammonia detoxification” takes place in both
the liver and the musculature as well as in other organs.
The “definitive ammonia detoxification” is, however, a
liver-specific reaction in the urea cycle. (s. p. 57)
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Amino acids essential semi-essen- non-essen- BCAA AAA polar ketogenic glucogenic
AA tial AA tial AA AA AA AA

Alanine � � �

Arginine � �

Asparagine � �

Aspartate � �

Cysteine � � �

Glutamine � �

Glutamate � �

Glycine � � �

Histidine � �

Isoleucine � � � �

Leucine � � � �

Lysine �

Methionine � � �

Phenylalanine � � � �

Proline � � �

Serine � � �

Threonine � �

Tryptophan � � �

Tyrosine � � � �

Valine � � � �

Tab. 3.6: Classification of the 20 important (essential and non-essential) amino acids (AA � amino acid; BCAA � branched-chain amino
acid; AAA � aromatic amino acid)

Fig. 3.4: Transfer of car-
bon skeletons from the
amino acids into the
tricarboxylic-acid cycle
via intermediates (G.
Rehner, H. Daniel, 1999)

Dietary protein deficiency, especially a lack of essential amino
acids, has a long-term effect on regulatory mechanisms. Trypto-
phan plays a significant role here. Tryptophan deficiency leads
to decreased protein synthesis, which is reversible solely by diet-
ary supplementation of tryptophan even during inanition. The
tryptophan effect occurs rapidly following the stimulation of
nuclear RNA synthesis. (89) (s. fig. 3.4)
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The glucose-alanine cycle between the liver and the mus-
culature is particularly significant. In muscle tissue, am-
monia is generated during the degradation of amino
acids (particularly the branched-chain amino acids).
The transfer of ammonia to pyruvate yields alanine,
which is then transported through the bloodstream to
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the liver. Here, the C-skeleton of alanine is liberated for
use in glucose synthesis via pyruvate, while the amino-
N of alanine is incorporated as ammonia into the urea
cycle. Glucose is released from the liver back to the
muscle tissue. Up to 60�70% of the alanine released
from the muscles are derived from glucose.

The regulation of amino acid metabolism is achieved
by feedback mechanisms. The varying concentrations of
amino acids in the portal blood are balanced in the liver,
whereby there is a negative feedback in relation to the
amino acid output of the intestine. The degradation and
synthesis of amino acids (and consequently also of pro-
teins) are kept constant. A circadian rhythm operates in
this instance. Only the branched-chain amino acids pass
through the liver unmetabolized, irrespective of their
concentration in the portal blood. • The synthesis of
amino acids and proteins is regulated by various hor-
mones: glucagon inhibits protein synthesis, while stimu-
lation is effected by insulin, somatotrophin, TSH and
glucocorticoids. Protein synthesis in the hepatocytes is
also controlled by colloid osmotic pressure.

6.2 Protein synthesis and catabolism

Hepatic protein synthesis proceeds via the subcellular
stages of gene transcription (in the nucleus) and gene
translation (in the cytoplasm). The DNA is transcribed
into various types of RNA by the action of the different
DNA-dependent RNA polymerases I (A), II (B) and III
(C). RNA polymerase I is responsible for the transcrip-
tion of ribosomal RNA, RNA polymerase II mediates
the transcription of messenger RNA, and RNA poly-
merase III forms transcriptal RNA. These three differ-
ent RNA types move out of the nucleus into the cyto-
plasm. Here the ribosomes acquire the genetic infor-
mation needed for protein synthesis via mRNA, and
tRNA transports the activated amino acids to the ribo-
somes, which are themselves activated (and if necessary
replicated) by rRNA. (s. figs. 2.9, 2.17; 3.5)

Proteins destined for secretion from the liver cell collect
as “bound polysomes” on the endoplasmic reticulum,
which is thus recognizable as rough endoplasmic retic-
ulum (RER). From here the proteins are transported to
the Golgi apparatus, where they are either stored or
“processed”, but are also available for secretion. (s. p. 27)

More than 100 plasma proteins are synthesized in the
liver cell, the majority being glycoproteins. About 15 of
the glycoproteins (including C-reactive protein, fibrino-
gen, haptoglobin, ceruloplasmin and α1-antichymotryp-
sin, α1-antitrypsin, α2-macroglobulin) belong to the
acute-phase-reaction group.

Numerous transport proteins, including prealbumin
(� transthyretin), albumin (72), ceruloplasmin, haemo-
pexin, haptoglobin, retinol-binding globulin, thyroxine-
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binding globulin, transcobalamin, transcortin and
transferrin are synthesized in the liver.

nucleus

DNA

rRNA mRNA tRNA
polymerase polymerase polymerase
I (A) II (B) III (C)

ribosome genetic amino acid
synthesis information activation

ribosomes

polysomes
– free
– bound

protein syntheses

DNA replication cytoplasm

Fig. 3.5: Diagram showing protein synthesis in the liver cell by
means of transcription (in the nucleus) and translation (in the
cytoplasm)

7 Carbohydrate metabolism of the
liver

The liver is of central significance for the regulation of
carbohydrate metabolism and the maintenance of the
physiological glucose concentration within narrow
limits. A person weighing 70 kg has a carbohydrate re-
serve of approx. 2,500 kcal. There is an intermittent
dietary uptake of carbohydrates which, after resorption
in the intestine, are transported primarily to the liver.
The liver can take up about 87% of the glucose delivered
by the portal blood. When required, the liver is able to
release glucose from its stored carbohydrate reserves to
compensate for any deficiency and maintain the normal
blood sugar value. The adjustment of blood sugar con-
centration, which is responsible for all intermediary
metabolic processes, is regulated by the interplay be-
tween insulin and its hormonal antagonists, such as glu-
cagon and adrenalin. Thyroxine, glucocorticoids and
STH are also involved in this regulatory system. (s. fig.
3.6) • Moreover, the liver fulfils functions in the pentose-
phosphate cycle as well as in the metabolism of galac-
tose, fructose and sorbitol. • Thus the liver contributes
in four different ways to the maintenance of glucose
homoeostasis within the context of carbohydrate metab-
olism: (1.) glycogenesis, (2.) glycogenolysis, (3.) gluco-
neogenesis, and (4.) glucolysis. • The liver therefore func-
tions as a glucostate (K. Jungermann, 1986).
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CO2 +  H2 O

thyroxine

fat

musculature:
glucose/glycogen

adrenalin insulin

carbohydrates portal vein blood sugar

lactate

glucagon insulin
adrenalin

protein liver:
glucose/
glycogen fat

STH thyroxine

CO2 +  H2 O

glucocorti-
coids

Fig. 3.6: Regulation of carbohydrate metabolism in the liver and
musculature as well as its relationship to protein and fat metab-
olism

7.1 Glycogenesis and glycogenolysis

The postprandial glycogen content of the liver is 65�80 g/
kg liver wet weight (� 5�8% of total liver weight). This
reserve is sufficient to maintain glucose homoeostasis in
the organism for up to 10 hours or, in conjunction with
gluconeogenesis, up to 20 hours. In periods of fasting, the
glycogen content sinks to 0.1%, but rises to >10% when
a high-carbohydrate diet is consumed. Some 250�350 g
glycogen are stored in the muscles, but this is solely for
utilization by the muscle tissue. The total amount of
glycogen in the body is 400�500 g. Glucose, fructose and
galactose are available as initial basic substances. Fruc-
tose and galactose are converted to glucose in the liver
and may then be channelled into glycogenesis. The
metabolization of fructose is insulin-dependent, whereas
that of galactose is insulin-independent.

� The uptake of glucose by the perivenous hepatocytes is effected
in relation to its respective concentration and carried out by insu-
lin-independent glucose transporter isoform (GLUT 2, and pos-
sibly GLUT 1). Nothing is known about the function of GLUT 1,
which is present in the perivenous scavenger cells. It is mainly
found in centroacinar hepatocytes and has a high glucose affinity
at low capacity. GLUT 4 can be found on adipocytes and skeletal
muscle cells. • In the first instance, the liver allows most of the
incoming glucose to pass through to the peripheral organs for util-
ization; it is only the returning 3-carbon moieties which are sub-
sequently incorporated into glycogen (� glucose paradox) (J. D.
McGarry et al., 1987). Glucose is converted by glucokinase to glu-
cose-6 phosphate and glucose-1 phosphate. This leads to the syn-
thesis of UDP glucose (� activated glucose), from which glycogen
is formed. Once glycogen has reached saturation level, the remain-
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ing glucose is broken down into lactate. When lactate is trans-
ported via the blood stream, it is taken up together with alanine
by the periportal hepatocytes, which are then able to form glycogen
by means of gluconeogenesis.

� In hypoglycaemia, a protein phosphorylase is activated by gluca-
gon and adrenalin via cyclic AMP. As a result, glycogenesis is in-
hibited and glycogenolysis is stimulated: glycogen is converted by
glycogen phosphorylase to glucose-1 phosphate, which is then con-
verted to glucose-6 phosphate. This leads to the release of free
glucose. • Glucose-6 phosphate is therefore the key activator in
glucose metabolism.

7.2 Gluconeogenesis and glucolysis

The extracellular glucose pool is 110 mmol (� 20 g) in a
volume of 28 litres, giving a concentration of 5 mmol/l. (s.
fig. 3.7) • Glucose is able to cross the plasma membranes
freely and enter the liver cells independently of insulin. It
is capable of taking part in metabolism only after phos-
phorylation (by hexokinase or glucokinase). • Glucokin-
ase activity is regulated according to the blood sugar
level in the portal vein. The physiological glucose concen-
tration is thus maintained within a range of 2.5 mmol/l
(� 45 mg/dl) to 7.77 mmol/l (� 140 mg/dl). Glycogenoly-
sis in the liver releases glucose at a rate of 26 mmol/hr in
the resting state. This is supplemented by 13 mmol/hr
from gluconeogenesis. These 39 mmol are released hourly
into the extracellular glucose pool. The CNS receives 20
mmol/hr, i. e. more than twice as much as the muscles (9.4
mmol/hr) and the erythrocytes (8.3 mmol/hr). The glu-
cose entering intermediary metabolism serves as an en-
ergy source, but is also incorporated into the pentose-
phosphate cycle and glycogen synthesis. A total of 38
mmol/hr (6.8 g) glucose are consumed, and 39 mmol (�
7.0 g) are simultaneously liberated. Glucose, as glucose-6
phosphate, may be channelled into various metabolic
pathways, e. g. into the pentose-phosphate cycle, into gly-
colysis with pyruvate and/or lactate as end-products, or
into the citrate cycle with degradation into CO2, H2O and
energy (ATP). Aerobic glycolysis produces 38 mol ATP.

Gluconeogenesis is activated when the glycogen reserves
are exhausted. There are three alternative substrates
available in the liver cells for glucose synthesis:

1. Lactate (60%)
� from anaerobic glycolysis

2. Amino acids, mainly alanine (30%)
� from proteolysis

3. Glycerol (10%)
� from lipolysis in the fatty tissue

Gluconeogenesis enables the liver to produce at least
240 g glucose per day. This amount can be used up by
erythrocytes and the nervous system in 2 days of fasting.
Most of the amino acids required for gluconeogenesis
during fasting originate from the degradation of pro-
teins in muscle tissue and visceral organs (including the
liver). Fatty acids are no longer available for gluconeo-
genesis because the acetyl residues which are produced
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Fig. 3.7: Diagram showing
glucose metabolism (fasting
state)

lactate CO2 + H2O alanine + lactate CO2 + H2O lactate
(1.7 mmol/hr) (90�95%) (1.7 mmol/hr) (70�80%) (8.3 mmol/hr)

(5�10%) (20�30%)

brain musculature

extracellular glucose pool
= 110 mmol glucose (20g) in 28 litres

erythrocytes

39 mmol/hr

20 mmol/hr 9.4 mmol/hr 8.3 mmol/hr

lactate (60%)
alanine (30%)
glycerol (10%)

liver
26 mmol/hr 13 mmol/hr
= glycogenolysis = gluconeogenesis

in their β-oxidation are completely metabolized in the
citrate cycle. Gluconeogenesis is an energy-rich process
which is increased in the short term by glucagon, adren-
aline and acetyl-CoA or in the long term by glucocorti-
costeroids, but it is inhibited by insulin. The key en-
zymes of glycolysis are activated by insulin, and a cata-
bolic metabolism is converted to an anabolic one. The
hormone amyline, a peptide made up of 37 amino acids,
is secreted by β-cells together with insulin. Although it
raises glucose levels slightly, it considerably increases the
lactate level, which is then used in gluconeogenesis. (77)

Ketogenesis is an important metabolic function in the
liver. It is the result of an increase in lipolysis in the fatty
tissue, with a rise in fatty acids. Insulin inhibits ketogen-
esis, whereas it is accelerated by fasting as well as by
glucagons and insulin deficiency. Ketones (acetacetate, 3-
hydroxybutyrate, acetone) are synthesized by means of β-
oxidation from acetyl-CoA, assuming the production of
this substance exceeds the amount required by the hepa-
tocytes (and glucose metabolism is simultaneously re-
duced). The liver itself does not require any ketones: ace-
tone is expired, whereas 3-hydroxybutyrate and acetace-
tate serve as a source of energy. Ketonaemia can lead to
metabolic acidosis and electrolyte shifts.

8 Lipid metabolism of the liver

Fats and fat-like compounds of varying chemical struc-
tures are classified as lipids. They have a low molecular
weight and are insoluble in water. The original substance
in fat biosynthesis is acetyl-CoA (so-called activated
acetic acid). On the basis of chemical criteria, they may
be divided into simple lipids (glycerides, cholesterol, chol-
esterol esters, bile acids) and complex lipids. (s. tab. 3.7)

The liver has a variety of functions in lipid metabolism:
(1.) uptake, oxidation and transformation of free fatty
acids, (2.) synthesis of plasma lipoproteins, (3.) trans-
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formation of lipoproteins, (4.) catabolization of LDL,
VDL and chylomicron remnants, and (5.) secretion of
enzymes for lipoprotein metabolism.

Simple lipids
cholesterol esters (ca. 225 mg/dl) 32.7%
free cholesterol (ca. 65 mg/dl) 9.0%
triglycerides (ca. 170 mg/dl) 24.0%
free fatty acids 1.0%
bile acids 0.3%

Complex lipids
glycerophospholipids (ca. 200 mg/dl) 29.0%
sphingolipids 4.0%

Tab. 3.7: Distribution of simple and complex lipids in the plasma

8.1 Classification of lipoproteins

Lipoproteins are macromolecules comprising proteins
(� apolipoproteins, apoproteins) and lipids. They trans-
port water-insoluble lipids in the blood, with the excep-
tion of the albumin-bound free fatty acids. Only short-
chain fatty acids are dissolved in plasma. The lipo-
proteins are formed in the liver and in the mucosa of
the small intestine. (14)

Lipoprotein characteristics depends on the varying proportions of
protein and lipid present. Lipids are of lower density (<0.9 g/ml)
than proteins (>1.28 g/ml), giving a range of lipoprotein densities
from 0.9 to 1.21 g/ml. • Lipoprotein classification is made accord-
ing to the respective densities as determined by ultracentrifugation
or according to their electrophoretic migration.

Chylomicrons are synthesized from exogenously derived triglycer-
ides with long-chain fatty acids (C16�C20) after their cleavage and
re-esterification in the intestinal mucosa. The medium-chain fatty
acids (C10�C14) and the short-chain fatty acids (C4�C8) are trans-
ported through the portal vein directly to the liver. Chylomicrons
have a particle size of up to 1,000 nm and consist of 98% lipids
and 0.5�2.5% proteins. Their density is <0.95 g/ml. The function
of the chylomicrons is the transport of exogenous triglycerides in
the lymph and blood. Their contents are released to the tissues
via the capillaries (by the action of hepatic triglyceride lipase and
lipoprotein lipase). They are taken up by the liver as cholesterol-
rich “remnants” and degraded in the lysosomes. (s. fig. 3.8)
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Very low density lipoproteins (VLDL) are synthesized in the liver
cell at the contact area of the smooth and rough endoplasmic re-
ticulum and, to a very minor degree, in the mucosa of the small
intestine. They have a particle size of 30�80 nm and consist of
90% lipids and 8�13% proteins. Their density is <1.006 g/ml. The
predominant apolipoproteins are B, C III, and E. They are desig-
nated as pre-beta lipoproteins on the basis of their electrophoretic
migration. The main function of VLDL is the transport of trigly-
cerides of endogenous origin. (s. fig. 3.8)

Low density lipoproteins (LDL2) are formed from VLDL in the
plasma (by the action of lipoprotein lipase) via intermediate density
lipoproteins (LDL1 or IDL). If no VLDL is secreted, there is no
synthesis of LDL. Insulin and oestrogen increase VLDL secretion.
They display a particle size of ca. 20 nm and consist of 75% lipids
and 20�30% proteins. They have densities of <1.063 g/ml. The
predominant apolipoproteins are A I and A II. According to their
electrophoretic migration, they are classified as beta-lipoproteins.
The function of LDL is the transport of cholesterol and cholesterol
esters. Cell surface LDL receptors take up LDL-bound cholesterol
(50�60%) according to cellular requirements. In the event of in-
creased LDL availability, scavenger cells (e. g. macrophages) can
also act to clear away cholesterol, independently of the LDL recep-
tors. (s. fig. 3.8)

High density lipoproteins (HDL2,3) are formed in the liver and
small intestine. A minor proportion of the HDL appears to derive
from triglyceride-rich lipoproteins in the plasma. HDL have a par-
ticle size of 5�15 nm and appear initially as disk-shaped bodies
which, after uptake of lipids and lipoproteins, develop in the blood
to spherically shaped molecules. They comprise ca. 50% lipids and
45�55% proteins. Their density is <1.21 g/ml. They are designated

Fig. 3.8: Diagram showing the
metabolic exchange of lipids be-
tween intestine, fatty tissue, mus-
culature and liver (FFA � free
fatty acids, LL � lipoprotein li-
pase, C2 � apoprotein, SG �
suprarenal gland)
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α1-lipoproteins based on their electrophoretic migration. HDL
transports cholesterol esters derived from the action of lecithin-
cholesterol-acetyl transferase (LCAT). They are further differen-
tiated into HDL2a, HDL2b and HDL3 on the basis of their varying
densities and protein moiety. (29) (s. fig. 3.8)

� The mechanism of oxidative energy generation in
the liver is mainly the result of fatty-acid degener-
ation. This process begins when the fatty acids are
activated. It is followed by β-oxidation (� constant
splitting of 2 carbon units until the carbon chain has
been completely broken down) in the mitochondria.
The acetyl-CoA which is produced can be channelled
into the citrate cycle by means of oxaloacetation or
used in other biosyntheses. Beta-oxidation of the
fatty acids produces (apart from H2O and CO2) a
total of 44 mol ATP from 1 mol of a C6-fatty acid
(by comparison, one molecule of glucose produces
“only” 32 mol ATP). Another, albeit insignificant,
means of fatty-acid degeneration is possible with the
aid of α- or φ-oxidation. Peroxisomes are also in-
volved in β-oxidation. The latter produces acetyl-
CoA, which is subsequently oxidized to CO2 in the
citrate cycle. • Amino acids (e. g. alanine, isoleucine,
leucine, serine) may provide a further source of en-
ergy via pyruvate or acetyl-CoA.
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Energy can likewise be generated by means of fructose
and ethanol oxidation. The partial pressure of oxygen
falls from 13 % (centroacinar) to 6 % (perivenous) due
to progressive oxygen consumption. Thus it is here that
hypoxic cell damage can most frequently be expected.

Fatty-acid synthesis is primarily carried out by means of
acetyl-CoA cocarboxylase from acetyl-CoA in the cell
plasma. In each case, the synthesized fatty acid can be
extended by attaching acetyl residues (the opposite can
be achieved using β-oxidation). (s. fig. 3.9)

Lipogenesis, the synthesis of lipids from carbohydrate
via acetyl-CoA, occurs almost exclusively in the liver
cells and the fatty tissue. (s. fig. 3.9) • According to lipid
topogenesis (4), the enzymes involved in triglyceride and
phospholipid synthesis are localized on the cytoplasmic
surface of the endoplasmic reticulum. The level of hep-
atic synthesis is regulated primarily by the insulin-gluca-
gon quotient, as described by R. H. Unger in 1971.

8.2 Regulation of lipoproteins
� Up to now, 13 different apolipoproteins are known to be neces-
sary for the maintenance of physiological lipid metabolism (e.g. A
I-IV, B 100, C I-III, E). As a result, there is a great variety in terms
of their biochemistry and function. Apolipoproteins are synthe-
sized predominantly in the rough endoplasmic reticulum. A
further form of classification and regulation of apolipoprotein
types is possible according to 4 density groups, or 7 groups if
HDL2a, HDL2b and HDL3 are included.

The liver synthesizes two enzymes involved in intra-
plasmic lipid metabolism: hepatic triglyceride lipase
(HTL) and lecithin-cholesterol-acyltransferase (LCAT). •
The liver is further involved in the modification of circu-
latory lipoproteins as the site of synthesis for cholesterol-
ester transfer protein (CETP). • Free fatty acids are in
general potentially toxic to the liver cell. Therefore they
are immobilized by being bound to the intrinsic hepatic
fatty acid-binding protein (hFABP) in the cytosol. The
activity of this protein is stimulated by oestrogens and
inhibited by testosterone. • Peripheral lipoprotein lipase
(LPL), which is required for the regulation of lipid metab-
olism, is synthesized in the endothelial cells (mainly in the
fatty tissue and musculature).

Triglycerides consist of glycerol and three long-chain
fatty acids (ca. 45 % oleic acid, ca. 26 % palmitic acid, ca.
16 % linolic acid). The correct biochemical term is triacyl-
glycerol. They contain 9.5 kcal/g. The total fat content in
a person of standard weight provides an energy reservoir
of approx. 110,000 kcal. Triglycerides are synthesized
from fatty acids and glycerol in lipocytes and hepatocytes.
They carry no electrostatic charge and are thus desig-
nated neutral fats. The liver synthesizes approx. 57 mmol
(� 50 g) triglycerides, which are released as VLDL
bodies. There is normally no storage in the hepatocytes.
VLDL triglycerides are transported to the white fatty tis-
sue, where they are enzymatically split to allow storage of
the resulting fatty acids as triglycerides in the adipocytes.
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Degradation of triglycerides stored in the fatty tissue is
effected by means of lipase and hormone activity (cate-
cholamines, ACTH, glucagon). (s. fig. 3.9)

Phospholipids are a heterogeneous group of lipids. They
mainly consist of phosphatidylcholine (ca. 67 %),
sphingomyelin (ca. 21 %), lysolecithin (ca. 7 %), and
phosphatidylethanolamine (ca. 4 %). Each of these con-
stituents has a separate fatty-acid composition. (s. fig.
3.9)

oxalacetate citrate

fatty acids triglycerides

phosphilipids

steroid hormones
bile acids

acetyl-CoA cholesterol

acetacetyl-CoA mevalonate

Fig. 3.9: Acetyl-CoA (activated acetic acid) as an original sub-
stance for biosynthesizing fats

Free fatty acids, whose levels are generally raised by in-
sulin or alcohol, influence the rate of VLDL synthesis
and hence the concentration of triglycerides. About 16 g
glycerol, which are mainly utilized in the liver, are re-
leased daily by lipolysis, and about 120 g free fatty acids
are made available for generating energy in the heart and
skeletal musculature (75%) as well as in the liver itself
(25%). These free fatty acids are bound in the plasma to
albumin (50%) and lipoproteins (50%). Their extremely
short plasma half-life of approx. 2 minutes emphasizes
their high metabolic activity. • Fatty acids are present in
the plasma in saturated (no double bond) and unsaturated
(various numbers of double bonds) forms. • Essential
fatty acids cannot be synthesized by the body, which
means they must be obtained from food intake. The most
important ones are multiple unsaturated fatty acids such
as linolic acid (C18-fatty acid, 2 double bonds), linolenic
acid (C18-fatty acid, 3 double bonds), and arachidonic
acid (C20-fatty acid, 4 double bonds). Their prime func-
tion is to act as precursors for the synthesis of eicosan-
oids. (s. fig. 3.10)

� Arachidonic acid is of particular importance, being
the initial compound for eicosanoid biosynthesis. Prosta-
glandins, prostacyclins and thromboxanes are synthe-
sized from the eicosanoids via the cyclo-oxygenase path-
way. • The important mediators of inflammation � such
as leukotrienes and leukotetraenes � are synthesized via
the lipoxygenase pathway. (s. fig. 3.10)
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Fig. 3.10: Synthesis of eico-
sanoids (leucotriene B4, B5,
prostaglandin I2, I3, and
thromboxane A2, A3) from
n-3 and n-6 fatty acids

8.3 Cholesterol metabolism

Cholesterol is formed in the liver (85%) and intestine
(12%) � this constitutes 97% of the body’s cholesterol
synthesis of 3.2 mmol/day (� 1.25 g/day). Serum choles-
terol is esterized to an extent of 70�80 % with fatty
acids (ca. 53 % linolic acid, ca 23 % oleic acid, ca 12 %
palmitic acid). The cholesterol pool (distributed in the
liver, plasma and erythrocytes) is 5.16 mmol/day (� 2.0
g/day). Homocysteine stimulates the production of chol-
esterol in the liver cells as well as its subsequent se-
cretion. Cholesterol may be removed from the pool by
being channelled into the bile or, as VLDL and HDL
particles, into the plasma. The key enzyme in the syn-
thesis of cholesterol is hydroxy-methyl-glutaryl-CoA re-
ductase (HGM-CoA reductase), which has a half-life of
only 3 hours. Cholesterol is produced via the intermedi-
ate stages of mevalonate, squalene and lanosterol. •
Cholesterol esters are formed in the plasma by the link-
ing of a lecithin fatty acid to free cholesterol (by means
of LCAT) with the simultaneous release of lysolecithin.
(s. figs. 3.8, 3.9) (s. tab. 3.8)

Cholesterol supply / day Cholesterol consumption /day

1. From the diet: 1. Incorporation into VLDL,
� 300�400 mg HDL: � 1,000 mg

2. From endogenous synthesis: 2. Biochemical degradation:
� liver 1,000 mg � bile acids 350 mg
� intestine 200 mg � hormones 50 mg
� tissue 50 mg � vitamin D3 10 mg

3. From intestinal reabsorption: 3. Excretion:
� 300�500 mg � intestine 500 mg

� skin 100 mg

Tab. 3.8: Cholesterol balance (supply/consumption per day) under
normal conditions

� Endogenous consumption, degradation and elimination of
cholesterol are kept in balance metabolically by dietary intake,
endogenous synthesis and intestinal reabsorption. Cholesterol is
an important substance for the structure and function of biomem-
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branes. Moreover, it is the initial substrate for the biosynthesis of
bile acids, vitamin D3 and steroid hormones. (s. tab. 3.8)

9 Hormone metabolism and the liver

In minute amounts, hormones engender specific bio-
chemical “primary reactions” through cellular metabolic
processes, which subsequently trigger “secondary reac-
tions” through physiological processes.

Hormone synthesis takes place in special cells or tissues either in
the form of precursors with storage potential (� prohormones) or
in the form of stored or continuously secreted substances in an
active state (� hormones). Synthesis, release and activation of the
hormones are under the strict control of a regulatory system,
which itself responds according to a variety of endogenous and
exogenous stimuli.

Inactivation of the hormones occurs mainly due to en-
zymes (in the kidney, plasma and target cell) and in the
liver as a result of proteolytic or redox reactions. The
liver contributes to the maintenance of hormonal homoe-
ostasis. Liver diseases may thus affect the hormone
regulation in different ways, giving rise to various and
sometimes long-lasting disorders.

In the endocrine system the signal substances are called
hormones, in the nervous system they are known as neu-
rotransmitters, and in the immune system cytokines. •
Signals transferred through the hormones may be endo-
crinal, neuroendocrinal, paracrinal (� signal transfer to
adjacent cells), and autocrinal (� signal transfer within
the individual cell itself). • Receptors, which are able to
detect and bind a substance (e. g. hormones), are re-
quired to transmit signals for special cellular activity,
including that of hormones. All substances which
specifically bind with receptors are termed ligands. Both
glycoprotein and peptide hormones, for example, are
bound to receptors on the cell membrane, whereas ste-
roid and thyroid hormones bind with cytoplasmic or
nuclear receptors.
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9.1 Classification of hormones
Proteohormones, steroid hormones and peptide hormones may be
differentiated on the basis of their chemical structure. • Hormones
may be classified as neurosecretory (e. g. hypothalamus), glandular
(endocrine glands) or aglandular according to their source tissue.
Aglandular hormones are also known as tissue hormones: they are
synthesized in special cells located in specific organs. • Hormones
may be differentiated according to their transport characteristics
into unbound hormones and hormones which are coupled to a
carrier protein. • A further classification is based on their principal
functions. (s. tab. 3.9)

1. Water-salt balance-regulating hormones
� renin, angiotensin, aldosterone, etc.
� mineralocorticoids
� atrial natriuretic peptides
� vasopressin

2. Effector hormones
� catecholamines (adrenalin, noradrenalin, dopamine)
� insulin, glucagon

3. Personality-differentiating hormones
� ACTH, STH, TSH, TRH, FSH, LH, PL, MSH
� thyroxine (T4), triiodothyronine (T3)
� androgens, oestrogens, gestagens, progesterones
� glucocorticoids

4. Calcium phosphate metabolism-regulating hormones
� parathormones, 1,25 dihydroxycholecalciferol, calcitonin

5. Gastrointestinal hormones
� bombesin, cholecystokinin-pancreozymin, entero-

gastrones, gastrin, GIP, motilin, neurotensin, secretin,
somatomedin, somatostatin, substance P, VIP

Tab. 3.9: Classification of hormones according to their principal
biological functions

9.2 Effector hormones and the liver

The so-called effector hormones (insulin, glucagon, cate-
cholamines) evoke an extremely fast response. Within a
short time, a rapid and lasting redirection of the metab-
olism can be attained. Catecholamines are degraded in
the liver and, following sulphation or glucuronidation,
are eliminated as metabolites in either the bile or urine.

Insulin stimulates glucose uptake in both the muscu-
lature and the fatty tissue. Structural modification of
STH, with a concomitant enhancement of its activity, is
effected by insulin. The storage of amino acids in the
muscles is also increased. (s. tab. 3.10)

Criteria Insulin Glucagon,
Catecholamines

Anabolism
Glycogenesis
Lipogenesis Increased Inhibited
Protein synthesis
Glycolysis

Catabolism
Glycogenolysis
Lipolysis Inhibited Increased
Proteolysis
Ketogenesis

Gluconeogenesis Inhibited Increased

Tab. 3.10: Metabolic effects of insulin and contra-insulin hor-
mones (glucagon, catecholamines) in the liver
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Glucagon stimulates the adenylate cyclase system in the
liver and thereby the formation of cAMP, which gives
rise to important metabolic changes. (s. tab. 3.10) • Fur-
thermore, there is a consequent decline in cholesterol
synthesis, improvement in alanine membrane transport,
activation of the enzymes of the urea cycle and stimula-
tion of amino acid degradation.

9.3 Steroid hormones and the liver

Glucocorticoids, androgens, oestrogens and gestagens
belong to the group of biologically active steroid hor-
mones. The biogenesis of all steroid hormones involves
the key compound cholesterol. (s. tab. 3.11)

Glucocorticoids
1. Increase in gluconeogenesis
2. Increase in protein synthesis
3. Regulation of amino acid metabolism

� increase in amino acid degradation in muscle tissue
� increase in amino acid uptake by the liver

4. Improved efficiency of urea synthesis
5. Inhibition of phagocytic activity of Kupffer cells

Androgens
1. Increase in haem synthesis
2. Stimulation of specific protein syntheses
3. Increased activity of cytochrome P 450
4. Decrease in hFABP

Oestrogens
1. Increase in hFABP
2. Increase in δ-aminolaevulinic acid with decrease in

porphyrin decarboxylase
3. Increase in protein synthesis
4. Stimulation of phagocytic activity of Kupffer cells
5. Inhibition of cytochrome P 450 subtypes
6. Increase in lithogenicity of the bile

� increase in cholesterol excretion
� decrease in bile acid excretion
� decrease in secretion of bile

Progesterone
1. Induction of haem synthesis
2. Limited stimulation of protein synthesis
3. Substrate-dependent (inhibitory or stimulatory) regulation

of the cytochrome P 450 complex

Tab. 3.11: Significant effects of steroid hormones in the liver

Likewise, elimination of the steroid hormones occurs al-
most exclusively via the liver (after glucuronidation and
sulphation) into the bile or urine. They are only excreted
in a free form in minute amounts via the urine, intestine
or skin. There are numerous important interactions be-
tween the liver and steroid hormones.

9.4 Thyroid hormones and the liver

Conversion of 70% of the total T4 (thyroxine) to T3

(3,5,3-triiodothyronine) occurs in the liver: 20% of the
T4 input are catabolized in the liver cells, and the
remaining 10% are directed into various metabolic
pathways. Approximately 30% of the T4 and 50% of
the T3 are stored in the hepatocytes due to binding
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to specific proteins. The more active hormone T3 is
involved in numerous metabolic reactions in the liver.
(s. tab. 3.12)

1. Increase in protein synthesis
2. Increase in gluconeogenesis
3. Increase in ketogenesis
4. Increase in amino acid uptake
5. Regulation of bile acid metabolism

� increase in bile acid synthesis
� increase in biliary cholesterol excretion
� increase in bile flow

6. Increased turnover of vitamin K-dependent clotting factors
7. Increase in size and number of mitochondria
8. Hypertrophy of the smooth endoplasmic reticulum

Tab. 3.12: Metabolic effects of T3 in the liver

10 Vitamin metabolism and the liver

10.1 Classification of vitamins

Vitamins are vital (� vita) and mainly nitrogenous (�
amines) substances of low-molecular weight. As a rule,
they must be present in the diet as “essential” compon-
ents. Only a few vitamins (e. g. A, K, B1, B5, B12, folic
acid, biotin) are formed in the intestine by bacteria.
Plants constitute the main source of exogenous vitamin
supply. In a biochemical context, the principal bio-
catalytic effect of vitamins consists in substituting cofac-
tors of enzymes which have undergone metabolic deg-
radation.

Water-soluble vitamins are readily absorbed under
physiological conditions. They are transported to the
intra- and extracellular fluid and act as coenzymes in a
number of enzyme reactions in protein, nucleinic acid
and energy metabolism. They are readily excreted via
the kidney. (s. tab. 3.13)

Fat-soluble vitamins require the simultaneous presence
of lipids and bile acids for their absorption. In order to
be transported to the liver, they are bound to lipo-
proteins of the chylomicrons. Fat-soluble vitamins are
stored in the liver or fatty tissue, often in large amounts
and for prolonged periods of time. From there they be-
come available to the intermediary metabolism for com-
plex tasks. Vitamins A and D are secreted from the liver
cells by means of carrier proteins. By undergoing bio-
transformation, fat-soluble vitamins become meta-
bolically inactive as well as water-soluble and are thus
capable of being excreted. (s. tab. 3.13)

10.2 Mechanisms of vitamin action

Vitamins are involved in a variety of ways in almost all
processes of the intermediary metabolism taking place
in the liver. An understanding of the major mechanisms
of action provides insight into the possibilities of dis-
turbance and the occurrence of symptomatological dys-
functions in liver diseases.
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10.2.1 Fat-soluble vitamins

Vitamin A: Both vitamin A1 (� retinol) and A2 (� 3-dehydroreti-
nol) occur in nature. Like their derivatives, they are classed under
the umbrella term axerophtol. The major provitamin is β-carotin.
Vitamin A is stored as a lipoglycoprotein complex in the fat-stor-
ing cells of the liver. It is released when necessary by being coupled
with a retinol-binding protein (RBP) and is then transported to
the cells which require vitamin A. In the case of zinc deficiency
the rate of RBP synthesis is markedly increased, and as a result
serum retinol concentration is reduced. Retinol deficiency can be
compensated by zinc substitution. The daily requirement is
approx. 1 mg. (7, 36)

Biological actions:
� involvement in the synthesis of glycoproteins, glycolipids and

proteoglycane
� stabilization of the cellular and subcellular membranes
� involvement in the production of steroid hormones

Vitamin D: Calciferol is taken up from the food as vitamins D2

(� ergocalciferol) and D3 (� cholecalciferol). In skin exposed to
UV radiation, vitamin D2 is formed from the provitamin ergo-
sterol, and vitamin D3 from the provitamin 7-dehydrocholesterol.
25-hydroxycholecalciferol (� calcidiol) is formed in the liver, 1,25-
dihydroxycholecalciferol (� calcitriol) is produced in the kidney.
The synthesis rate in the liver is controlled through the respective
cholecalciferol concentration. Transport in serum is effected by a
D-binding protein (DBP) identical to Gc-globulin. Oestrogen and
pregnancy are known to cause an increase in DBP. (6)

Biological actions:
� involvement and control in regulating intra- and extracellular

calcium concentrations

Vitamin E: Tocopherol is the umbrella term for all derivatives of
the tocoltrienol and tocotrienol type that are similar in their mode
of action. Of these derivatives, α-tocopherol is the most effective.
Only a small part of the vitamin E supply is absorbed (20�40%),
the process being facilitated by the presence of nutritional lipids,
bile and pancreatic secretion, and medium-chain triglycerides. No
transport protein for vitamin E is known.

Biological actions:
� protection of vitamin A and β-carotin
� protection of unsaturated fatty acids in biomembrane phospho-

lipids (� antioxidant towards oxygen and hydroxyl radicals)
� influence on cholesterol metabolism
� influence on nucleinic acid metabolism

Vitamin K: Vitamin K1 (� phylloquinone), of plant origin, and vita-
min K2 (� menaquinone), synthesized by bacteria, are naturally oc-
curring vitamins. Vitamin K is the only fat-soluble vitamin acting as
a coenzyme. Furthermore, synthetic K vitamins exist (K3�K7); of
these, K3 (� menadione) and K4 (� menadiol) are the most signifi-
cant. The vitamin is stored in the liver only in small quantities.
About 50% of the daily requirement is covered by intestinal bacterial
synthesis. No intermediary degradation of vitamins K1 and K2 is
known. The synthetic menadione (K3) and its derivatives are con-
verted into K2 in the microsomal fraction of the liver cells. Vitamin
K3 competes with the excretion of bilirubin in the biotransformation
process; depending on the dosage, it may have toxic effects. Par-
enteral application of K1 and K2 in patients with cirrhosis may cause
a paradoxical fall in the clotting factors with an increase in toxic
metabolites and additional liver damage (G. Mandel et al., 1980).

Biological actions:
� stimulation of the production and secretion of the coagulation

factors II, VII, IX and X as well as of the two inhibitors, pro-
tein C and protein S

� influence on bone mineral metabolism via osteocalcin

Vitamin F: Essential fatty acids (e.g. unsaturated linoleic acid, lino-
lenic acid, arachidonic acid) are also known collectively as vitamin
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F. They belong to the group of vitamin-like agents. Exogenous
supply is necessary.

Biological actions:
� constituent of phospholipids in all biomembranes
� constituent of prostaglandin precursors
� influence on the mitochondrial metabolism

10.2.2 Water-soluble vitamins

Vitamin B1: Vitamin B1 was discovered in 1926 by Jansen and Do-

nath, who synthesized it in its crystalline form from rice bran. It
was initially called aneurine due to its antipolyneuropathic effect.
Because it contains sulphur, Windaus correctly renamed it thiamine
in 1932, a term by which it is still known today. The structure of
this vitamin was described by Williams and Grewe in 1936. It is
made up of pyrimidine and thiazole. Thiamine occurs in nature as
free thiamine and in the form of thiamine monophosphate,
diphosphate and triphosphate. A maximum amount of 8�15 mg
is absorbed daily in the proximal portion of the small intestine. In
the case of oversupply, thiamine is neither stored nor intestinally
absorbed. A regular intake, with a daily requirement of about 1
mg, is necessary. The major coenzyme is thiamine pyrophosphate
(TPP). Thiamine deficiency may be caused by malnutrition, im-
paired absorption, alcoholism, antithiamines or a lack of mag-
nesium. • Magnesium is an important cofactor for the coenzyme
thiamine pyrophosphate.

Biological actions:
� as cocarboxylase it is crucial to carbohydrate metabolism and

the citric acid cycle
� involvement in the pentose phosphate cycle
� involvement in the formation of acetylcholine

Vitamin B2: Vitamin B2 is also termed riboflavin or lactoflavin. Vita-
min B2 was isolated from eggs by Kuhn and György in 1933 (� ovo-
flavin) and from whey (� lactoflavin) by Ellinger and Kochara in
the same year. After being found in animal organs and plants (�
hepatoflavin), it became known as riboflavin. Its structure was de-
scribed by Kuhn and Karrer in 1935. The riboflavin coenzymes, such
as flavine mononucleotide (FMN) and flavine adenine dinucleotide
(FAD), are taken up with food, converted into riboflavin and ab-
sorbed in the intestine. However, they are reconverted in the form
of FMN and FAD in tissue cells, mainly hepatocytes. Virtually no
storage of vitamin B2 takes place.

Biological actions:
� involvement in the transformation of amino acids into keto

acids
� involvement in the breakdown of saturated fatty acids by β-oxi-

dation
� involvement in the synthesis of long-chain fatty acids
� influence on the inactivation of biogenic amines to imines and

subsequently to ammonia
� component of xanthine oxidase, glutathione reductase, alde-

hyde dehydrogenase, microsomal flavoprotein monooxygenase,
and membrane-related NADPH granulocyte oxidase

Water-soluble Fat-soluble Acting as a Not acting as a Vitamin-like
vitamins vitamins coenzyme coenzyme agents

B1 A B1 A Essential fatty acids (F)
B2 D B2 C Carnitine (T)
B6 E B6 D Bioflavonoids (P)
B12 K B12 E Inosite

K
Biotin (H) Biotin (H)
Pantothenic acid Pantothenic acid
Niacin (PP) Niacin (PP)
Folic acid (M) Folic acid (M)

Ubiquinone (Q)

Tab. 3.13: Classification
of vitamins and vitamin-
like agents
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Vitamin B5: Niacin (� nicotinic acid) and niacinamide (� nicotin-
amide) are supplied in the diet and converted in the body into the
coenzymes nicotinamide-adenine dinucleotide (NAD) and nico-
tinamide-adenine dinucleotide phosphate (NADP). These co-
enzymes are important in tissue respiration. Nicotinic acid can
also be formed from tryptophan via kynolin acid.

Biological actions:
� component of the electron carriers NAD�/NADH and

NADP�/NADPH (thus it acts as a coenzyme for several oxi-
doreductases)

� histamine antagonist

Vitamin B6: Three substances are classed under the term pyridoxine
or adermine: pyridoxol, pyridoxal and pyridoxamine. Pyridoxine
was isolated by various study groups in 1938. Its structure was
described by Folkers and Kuhn in 1939. Pyridoxal and pyridoxam-
ine were discovered by Snell in 1942. Pyridoxal phosphate and
pyridoxamine phosphate are biologically active substances. • Intes-
tinal absorption of B6 is dose-dependent and not limited. In al-
coholism, a deficiency of vitamin B6 is encountered in 20�30% of
cases, whereas the respective percentage is 50�70% in alcoholic
cirrhosis. Vitamin B6 is an important coenzyme for transaminases,
which transfer amino groups from amino acids to keto acids. In
this way, biochemical pathways between the citric acid cycle and
carbohydrate and amino acid metabolisms are created. (104)

Biological actions:
� coenzyme for numerous enzymes
� influence on the metabolism of steroid hormones
� activation of δ-aminolaevulinic acid synthase
� involvement in lipid metabolism
� involvement in the synthesis and metabolism of amino acids
� involvement in the formation of nicotinamide from tryptophan
� involvement in serotonin synthesis

Vitamin B12: This vitamin was isolated for the first time in 1948
by Folkers and Smith. Its structure was described by various study
groups in 1955. Substances with a central cobalt atom in a modi-
fied porphyrin ring are called cobalamins. The major forms are:
cyanocobalamin (B12), hydroxocobalamin (B12a), aquacobalamin
(B12b), nitrosocobalamin (B12c), and methylcobalamin. The co-
enzyme of vitamin B12 is 5-desoxyadenosylcobalamin. Its “gastric
intrinsic factor vitamin B12 complex” is absorbed in the lower
ileum, from where it passes into the portal vein. The transcobalam-
ins I, II and III are available as transport proteins. Transcobalamin
II constitutes the principal extracellular transport protein, whereas
the transcobalamins I and III are considered intracellular storage
proteins. In the cells, the coenzyme is mainly found; in the plasma,
methylcobalamin predominates. Approximately 1 mg (of the
body’s total content of 2�5 mg) is stored in the liver. Vitamin B12

excreted in the bile is reabsorbed (70%) and channelled into the
enterohepatic circulation.

Biological actions:
� involvement as a coenzyme in amino acid and nucleinic acid

metabolism
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� involvement in DNA and protein synthesis
� conversion of methylmalonyl-CoA into succinyl-CoA for lipid

and porphyrin synthesis

Vitamin M: Vitamin M is also called pteroylglutaminic acid or
folic acid. It was isolated from yeast extract by Wills in 1930. Its
structure was described by Angier in 1946. Folic acid is made up
of pteridine � p-aminobenzoic acid � glutamic acid. There are
several known derivatives, called folates, which are capable of mu-
tual restructuring. The coenzyme tetrahydrofolic acid, which plays
a role in many biochemical reactions, is formed with the help of
B12. Around 50% of total body folate are stored in the liver. A
folate-binding protein (FBP) is available for transport. Folate
undergoes enterohepatic circulation. The release of folate from the
liver cells is stimulated by alcohol, which increases urine excretion.
Folate deficiency (e.g. in the case of alcohol abuse) is accompanied
by the development of macrocytosis.

Biological actions:
� influence on the intermediary metabolism of homocysteine, his-

tidine and serine
� promotion of the biosynthesis of nucleinic acids
� involvement as a coenzyme in porphyrin synthesis

Vitamin H: In the liver, biotin participates as a prosthetic group in
carboxylases and transcarboxylases. It is found in the free form as
well as covalently linked with protein.

Biological actions:
� involvement in fatty acid synthesis
� involvement in gluconeogenesis
� effect on amino acid metabolism
� involvement in the urea cycle
� promotion of purine synthesis
� promotion of transfer-RNA synthesis

Vitamin C: Ascorbic acid is the most important redox substance of
cell metabolism. The body content probably amounts to about
2�5 g, the major part being stored in the liver and muscles. Intes-
tinal absorption (80�90%) is an active, sodium-dependent process.
The transport of ascorbic acid in the blood probably takes place
as an ascorbic acid-albumin complex. Cellular uptake is stimulated
by insulin.

Biological actions:
� influence on the hydroxylation of proline and lysine residues in

collagen synthesis
� promotion of the synthesis of noradrenaline from dopamine
� involvement in the hydroxylation of steroid hormones
� incorporation of iron into ferritin
� sulphate donor in the sulphation of proteoglycanes
� antioxidant effect

Vitamin T: Carnitine is a trimethylbetaine encountered in nearly
all tissues, above all in the musculature.

Biological actions:
� involvement in fatty acid transport
� involvement in mitochondrial fatty acid oxidation
� involvement in transmethylation
� influence on the effect of thyroxine

11 Trace elements and the liver

Trace elements are micronutritive elements occurring in
minute, species-specific quantities (<0.01% of body
mass or <10�6 g / g BW). These inorganic bioelements
are subdivided into essential and non-essential (acciden-
tal) trace elements. (s. tab. 3.14)
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The results of investigations available so far have dem-
onstrated that the liver assumes a central role in preserv-
ing the homoeostasis of trace elements. Liver diseases
may also lead to persistent disturbances in the metab-
olism of trace elements which are of clinical significance
and may require therapeutic steps. (57, 66)

Essential trace elements are vital substances, the de-
ficiency of which leads to specific abnormalities of the
structural or biochemical type. These disorders can be
prevented or eliminated by supplementation of the re-
spective element. They are important components of en-
zymes, chromoproteins or hormones. In humans, 15 trace
elements are recognized as “essential”. (s. tab. 3.14)

Essential Non-essential

Chloride Cl Aluminium Al
Chromium Cr Barium Ba
Cobalt Co Bismuth Bi
Copper Cu Cadmium Cd
Fluorine F Caesium Cs
Iodine I Gold Au
Iron Fe Lead Pb
Manganese Mn Silver Ag
Molybdenum Mo Titanium Ti
Nickel Ni
Selenium Se
Silicon Si
Tin Sn
Vanadium V
Zinc Zn

Tab. 3.14: Essential and non-essential trace elements in the
human body

� For many of these elements, the mechanisms of intes-
tinal absorption, transport in the blood, intracellular
uptake, especially by the liver cells, and the question of
their storage or elimination are still not fully under-
stood. • It should be considered that trace elements may
also have toxic effects if given in overdosage or in the
case of increased accumulation in the body due to insuf-
ficient excretion.

11.1 Iron

Of the body’s daily iron uptake, 1�2 mg are absorbed
in the duodenum and proximal jejunum. Resorption is
pH-dependent; Fe3� is insoluble at a pH value of > 4.
Vitamin C enhances iron resorption (� reduction of
iron and formation of a soluble iron-ascorbat chelate).
DCT 1 (� divalent cation transporter) serves as a mu-
cosa transporter and also supports mucosal transport
of zinc, copper, cobalt etc. Iron facilitates O2 transport
and the transfer of electrons.

In the intracellular space, iron is stored as both ferritin
(ca. 47%) and haemosiderin (ca. 12%) as well as in the
form of an iron-transit pool (ca. 27%). (21) Iron metab-
olism is of utmost importance for the organism and is
characterized by the following values:
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Total body iron content: 4�5 g (0.07�0.09 mol)
(men: 50 mg/kg BW, women: 35 mg/kg BW)
� 60�65% in haemoglobin (ca. 2.5 g)
� 10% in myoglobin (ca. 0.5 g)
� 20�30% as depot iron (ca. 1.0 g)

(bone marrow, liver, spleen)
� 5% in enzymes

(e. g. cytochrome, catalase, peroxidase, enolase, succinate
dehydrogenase, certain hydroxylases, and ribonucleotide
reductase)

Transferrin is mainly synthesized in the hepatocytes.
There are about 20 known variants. Iron is transported
by transferrin (approx. 30% of transferrin is saturated
with iron). With the help of a membrane receptor, the
iron-transferrin complex is taken up and released in the
liver cell, where it is immediately bound (because of its
toxicity) to ferritin. The liver cells take up iron predom-
inantly from transferrin, to a lesser degree also from
haptoglobin, haemopexin, lactoferrin and circulating
ferrin. Transferrin, which is mainly formed in the hepa-
tocytes, may also bind and transport, in decreasing or-
der, chromium, copper, manganese, cobalt, cadmium,
zinc and nickel. The half-life of transferrin is 1�2 hours,
which is very short in view of its total blood concen-
tration of 3�4 mg. Approximately 0.4 g ferritin iron is
stored in the liver. In the case of transferrin deficiency,
its bacteriostatic and fungistatic effects are also reduced.
Transferrin without iron saturation is known as apo-
transferrin. (31, 66, 67)

Lactoferrin can only be distinguished from transferrin
immunologically. It is also an iron transport protein
which, however, is formed in granulocytes and glandu-
lar epithelia.

Haemopexin is a protein which is formed in the hepato-
cytes. It facilitates the intracellular transport of both
haem and iron while preventing the loss of haem-Fe via
the kidneys. With increasing diminution of the synthesis
capacity of the liver, there is a corresponding decrease
in the serum level of haemopexin.

Ferritin neutralizes the intracellular toxicity of iron and
effects its water-solubility. It is formed in the RES (as
well as at the polysomes of the liver cells) and degraded
in the lysosomes. The serum ferritin value corresponds
to the total amount of mobilizable depot iron in the
body. (31, 66, 67)

Haemosiderin is also an iron-protein complex, assumed
to be formed from ferritin. In the case of iron overload
in the body, more haemosiderin than ferritin is formed,
which is then stored in the intracellular space. Haemo-
siderin can be demonstrated biochemically using the
Berlin blue reaction. (see chapters 5.5.2 and 31.17)

11.2 Copper

The body’s total content of copper is calculated to be
80�150 mg (1.5�2.35 mmol). Of this amount, 10�15%
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are found in the liver. In the liver cells, copper is encoun-
tered in the cytoplasm, nucleus, mitochondria and micro-
somes. The daily copper requirement in the diet is 3�5
mg. Copper is excreted at 2�4% in the urine and at 80%
in the bile; consequently, the serum level of copper is in-
creased in cholestasis. Copper levels can also be raised by
the influence of oestrogens as well as by an increased oral
intake of zinc. • Ceruloplasmin is an α-globulin and be-
longs to the acute phase protein group. It is able to reoxid-
ize iron and can therefore be termed ferrioxidase; it also
facilitates the transfer of iron into transferrin. For trans-
port in the blood, 95% are bound to ceruloplasmin,
whereas 5% are bound to albumin or free amino acids. (13,
26, 66, 102) (see chapters 5.6.5 and 31.16)

Biological actions:

The biological effect of copper consists in activating
copper-dependent enzymes needed for several cellular
metabolic actions:
� oxidation of Fe2 to Fe3

� cross-linkage of collagen and elastic fibres
� metabolism of catecholamines (by monoamine oxidase)
� metabolism of keratin and pigment (by tyrosinase)
� conversion of superoxide radicals into O2 and H2O2 (by zinc-

copper superoxide dismutase)
� involvement in the intracellular respiratory chain (by mito-

chondrial cytochrome C-oxidase)
� activation of phosphatases

11.3 Zinc

The normal zinc content of the body amounts to 20�30
mmol (1.3�2.0 g). The daily dietary requirement is
10�15 mg. In the blood, zinc is bound to α2-macro-
globulin, albumin or amino acids, and a small amount
is also bound to transferrin. Zinc is crucial to a variety
of enzyme reactions. This applies especially to the liver.
More and more attention has therefore been paid to the
role of zinc in liver disease in recent years. Six enzyme
groups (hydrolases, isomerases, ligases, lyases, oxidore-
ductases and transferases) with a total of 35 zinc metal-
loenzymes are listed. (98) • Almost 200 enzyme reactions
in the body are zinc-dependent!

Zinc assumes a special role in the intrahepatic formation
of retinol-binding protein, which is essential for the re-
lease of vitamin A into the blood. Zinc deficiency results
in a decrease in RBP. Furthermore, as a part of ADH,
zinc is crucial for alcohol degradation in the hepatocytes
and for enzyme activation in the detoxification of am-
monia in the urea cycle. (s. fig. 3.12!)

The metabolism of zinc is influenced by hormones, stress
situations, lipopolysaccharides, toxins, oxygen radicals,
lipid peroxidations, etc. This may lead to fluctuations in
the zinc concentration, mainly due to the induction of
metallothioneine (MT), which is a transport and intracel-
lular depot protein. One third of this protein consists of
cysteine, which binds zinc, copper, cadmium, cobalt and
mercury. This protects the body from toxic heavy metal
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ions (e. g. cadmium and mercury). The induction of MT
thus also leads to increased (yet reversible) binding of
zinc, which feigns zinc deficiency. It cannot be excluded
that altered zinc distribution might eventually result in
lower zinc levels in the body. This can be caused by vari-
ous factors. (66, 76, 98) (s. tab. 3.15)

Biological actions:
� influence on carbohydrate, protein and lipid metabolism
� influence on alcohol metabolism
� influence on epithelial differentiation
� stabilization of biological membranes
� receptor binding of insulin
� influence on the production of testosterone
� influence on the metabolism of vitamin A
� influence on the immune system
� influence on blood formation
� influence on the urea cycle

1. Increased zinc requirement
� Infections, burns, stress situations
� Pregnancy
� Surgical procedures
� Tumour disease

2. Insufficient alimentary supply of zinc
� Abuse of laxatives
� Alcoholism
� Nutrition poor in zinc

3. Reduced intestinal absorption
� Colitis, Crohn’s disease
� Inhibition of absorption by starch, phosphate and

calcium as well as by phytic acid (in the case of a
vegetarian diet)

� Intestinal bypass
� Sprue, pancreatic insufficiency
� Wilson’s disease

4. Altered zinc distribution
� Acute and chronic hepatitis
� Alcoholic liver disease
� Autoimmune diseases
� Inflammatory processes, infections
� Liver cirrhosis
� Malignant diseases
� Pharmacons (glucocorticoids, contraceptives,

antimetabolites, chelate formers)

5. Increased zinc excretion
� Alcoholism
� Diabetes mellitus
� Diarrhoea
� Liver cirrhosis, alcoholic liver diseases
� Pharmacons
� Renal diseases, diuretics
� Severe hepatitis
� Surgical procedures

Tab. 3.15: Aetiology of absolute and relative zinc deficiency

11.4 Selenium

Selenium is taken up in the body in both an inorganic
and organic form. The body’s selenium amounts to
10�15 mg or 0.12�0.19 mmol (� 5 mmol/kg wet
weight). The estimated daily requirement is 20�100 µg.
The serum concentration (normal: 50�120 µg/l) is regu-
lated through renal elimination (normal: 10�50 µg/l).
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Inorganic selenium is bound to VLDL and LDL, while
organic selenium is bound to amino acids. (63, 66, 101) •
Selenium deficiency occurs particularly in alcoholism
and liver cirrhosis. This may set up a vicious circle lead-
ing to further liver cell necrosis. Selenium is incorpor-
ated into cysteine and thus becomes an essential com-
ponent of both glutathione peroxidase and phospho-
lipid-hydroxyperoxide-glutathione peroxidase. These en-
zymes play an important role as radical scavengers in
the prevention of lipid peroxidation in the area of the
biomembranes. Selenium is deemed to have a protective
effect in fulminant hepatitis and an inhibitory effect on
the formation and growth of malignant tumours. • 5-
deiodase is a further selenium-containing enzyme in-
volved in the formation of triiodothyronine. (s. p. 857)

11.5 Manganese

The liver contains 24 µmol/kg BW, which is equivalent
to approximately 10% of the body’s manganese depot
(0.2�0.36 mmol). It is bound to transferrin for trans-
port in the blood. (66)

Acetyl-CoA decarboxylase, alkaline phosphatase, aminopeptid-
ases, arginase, carboxypeptidase A, enolase, glucokinase, hyalu-
ronidase, mevalonatekinase, pyruvate decarboxylase and super-
oxide dismutase are regarded as manganese metalloenzymes or
manganese-dependent enzymes. • Thus the formation of glucose
from lactate, the synthesis of triglycerides and the formation of
cholesterol are positively affected, and the synthesis of mucopoly-
saccharides is promoted. Superoxide dismutase is important for
the elimination of superoxide-anion radicals (O2

�) through the
formation of H2O and O2.

11.6 Chromium

The chromium content of the liver amounts to 1 µmol/
kg BW, which corresponds to 1% of the body’s total
quantity of ca. 100 µmol. Chromium is bound to trans-
ferrin and α-globulin for transport in the blood. (65)

� The biological effect of chromium is based on the binding of
insulin with the cell membrane (together with nicotinic acid and
glutathione), where it is at the same time partly responsible for
insulin activity. In chromium deficiency (e.g. due to stress), glucose
tolerance is reduced. In diabetics requiring insulin, the urinary loss
of chromium is increased. The linkage of chromium � nicotinic
acid � glutathione is called the glucose tolerance factor. An in-
crease in blood sugar leads to an augmented formation of this
factor in the liver cells � insofar as this is still possible with limited
liver function. Chromium has a stimulating effect on RNA syn-
thesis. It is involved in lipoprotein metabolism.

11.7 Cobalt

Inorganic cobalt is transported in the blood by albumin
and transferrin; it is taken up by the liver. The serum
concentration amounts to 1.9�7.6 mmol/l. An in-
creased value is a sign of liver cell necrosis (e. g. acute
hepatitis). Its biological significance is attributed to its
position as a central atom in vitamin B12 and its involve-
ment in the release of renin and erythropoietin.
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12 Biotransformation and
detoxification

The elimination of endogenous and exogenous substances
from the body is necessary if they: (1.) do not serve the
production of energy, (2.) are not needed for the mainten-
ance of structure, or (3.) cannot be stored without causing
harm. • Therefore gaseous substances are excreted via the
lungs and water-soluble substances are excreted via the
kidney or (through bile) in the faeces. However, fat-
soluble foreign substances cannot be excreted in an un-
changed state.

Exogenous and endogenous substances which may
cause damage to the body must be broken down and/
or detoxified and made water-soluble, so that they are
capable of being excreted in the stool or urine. This es-
pecially applies to lipophilic or corpuscular substances
which cannot be excreted and may therefore accumulate
in the body at potentially toxic levels. • The liver is the
central organ for the degradation and / or detoxification
of superfluous and harmful substances as well as their
excretion from the body.

Of the twelve metabolic functions shown in table 3.1,
both the biotransformation and the detoxifying func-
tion are of major relevance. Disturbance of one or
several of the other metabolic fields may be hazardous
and is often associated with complications � any break-
down of the detoxifying function, however, leads to cell
necrosis and liver failure, and thus death.

12.1 Foreign compounds (xenobiotics)

The term xenobiotics comprises on the one hand sub-
stances which trigger defence mechanisms in the or-
ganism and on the other hand exogenous substances
which contaminate or burden and thus damage the
ecological systems of the organism itself or the
environment. Xenobiotics are therefore substrates
which may also be defined as potentially hepatotoxic
substances. (s. tab. 3.16)

1. Alcohol
2. Chemicals
3. Drugs
4. Heavy metals
5. Endogenous toxic metabolic products
6. Toxins: a. plant toxins

b. animal toxins
c. bacterial toxins

Tab. 3.16: Xenobiotics or potentially hepatotoxic substances

� Xenobiotics may be present in water-soluble (hydro-
philic) or in fat-soluble (lipophilic) form. However, they
are also taken up in the body as gaseous substances and
corpuscular-insoluble substrates (e. g. heavy metals). Any
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xenobiotics reaching the liver must be rendered inactive
and harmless, i. e. capable of being excreted. (61)

Hydrophilic xenobiotics enter the cell at the sinusoidal
side of the hepatocyte membrane by means of transport
systems using carrier proteins. These carrier proteins ex-
hibit no or only low substrate specificity, so that various
endogenous and also exogenous substances can be
transported through the cell membrane. Competition
between these substances for carrier proteins may lead
to the mutual inhibition of the transport mechanism.

Lipophilic xenobiotics are superior in number (about
70�80%). Because of their high solubility in fats � thus
also in the phospholipid double layer of the cellular and
subcellular membranes � these substances rapidly (and
without hindrance) reach the liver cells and organelles
according to the laws of nonionic diffusion.

12.2 Metabolization of xenobiotics

The detoxifying function of the liver was established by
F. Magendie as early as 1817. For the conversion of endo-
genous and exogenous toxic substances, the term
detoxification was introduced. Later, however, a change
of metabolization was demonstrated, meaning not only
that foreign substances are detoxified by the liver, but
that atoxic substances may become toxic after under-
going metabolization in the liver (“toxication”), e. g. the
insecticide parathion, or the conversion of CCl4 into
highly reactive radicals, or the carcinogenicity of
benzpyrene, aflatoxin and nitrosamine. As a result of
dysregulation of cellular metabolic processes, toxic
metabolites may also be produced (“biotoxometabolites”)
which are not normally metabolites of the parent com-
pound. • Furthermore, it was noted that some therapeut-
ically active substances were converted in the liver into in-
active metabolites (“inactivation”) and some inactive
medical substances, such as prodrugs (e. g. cyclophos-
phamide), into active metabolites (“activation”). More-
over, during their liver passage, active substances were
found to be weakened or even potentiated in their activity
(“change of activity”). (s. fig. 3.11)

Based on the individual variability in the behaviour of
the liver cell towards foreign substances and drugs, the
thesis was put forward that both the effectiveness as well
as the side-effects of medicaments are genetically deter-
mined (A.G. Motulsky, 1957). As a result, the term
pharmacogenetics (F. Vogel, 1959) was introduced to de-
fine clinically relevant, hereditary differences in the ef-
fects of drugs which lead to abnormal reactions in
patients (due to genetic polymorphism). (17, 22, 99, 103)

Moreover, major influences on the metabolism of xeno-
biotics in the liver due to nutritional factors as well as
through interactions with chemicals and alcohol have
been reported. Distinct age and gender-related differ-
ences have also been noted. (s. tab. 3.18) • The glucuro-
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nidation capacity of the liver can be reliably measured by
means of 4-methylumbelliferone (H.-D. Kuntz, 1983).
(52�55)

Any foreign substances in the gastrointestinal tract �
even in high concentrations � are directly transported
to the liver because of its topographic position and
functional role. At the same time, several (superfluous
and occasionally harmful) substances also travel to the
liver via the haematogenous system. • The liver is con-
stantly required to clear such substances from the body.

12.3 Mechanisms of metabolic detoxification

Due to the multiplicity of substances to be eliminated,
both substrate-specific and substrate-nonspecific elimin-
ation mechanisms are necessary. The liver is thus cap-
able of eliminating a maximum number of foreign sub-
stances with little biomolecular effort. By means of its
nonspecific elimination systems, the liver is generally
able to cope metabolically with the daily variety of for-
eign substances as well as with “newly formed” ones. (s.
tab. 3.17)

1. Biotransformation
� 2-phase reaction
� enzyme adaptation

2. Ammonia detoxification and bicarbonate neutralization
� urea cycle / glutamine cycle
� bicarbonate neutralization

3. Alcohol degradation
4. Reticuloendothelial system (RES)
5. Radical scavengers and antioxidants

Tab. 3.17: Important (substrate-specific and substrate-nonspecific)
mechanisms of metabolic clearance

If these elimination systems are overburdened or their
functions are disturbed, the extent to which the metab-
olism can be relieved of unnecessary or harmful sub-
stances may be more or less limited. This leads to ac-
cumulation and eventually produces toxic effects of sub-
stances which, in normal quantities, would be well toler-
ated and readily eliminated.

12.4 Biotransformation

The term biotransformation is defined as biochemical
changes in a substance through autometabolic pro-
cesses. In this way, lipophilic substances can be con-
verted into water-soluble (� excretable) metabolites
in the liver.

� Such lipid-soluble, non-excretable substances � if subject to
glomerular filtration � are almost completely reabsorbed from the
primary urine by renal tubules, with the result that they are hardly
ever excreted via the kidney. This might involve the danger of ac-
cumulations of lipophilic xenobiotics in the body, especially in
fatty tissue. Therefore hydrophilization of these substances (with
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the associated feature of being excretable in the bile or urine) is re-
quired.

The enzyme systems involved in biotransformation are largely sub-
strate-nonspecific. Therefore, they are not only able to convert
exogenous or endogenous lipophilic substances into water-soluble
metabolites, but also to intervene in the metabolism of endogenous
substances (e.g. bile acids, hormones). These enzymes are mainly
localized structure-bound in the biomembranes or found non-struc-
ture-bound as soluble enzymes. About 5% of the total protein re-
serves of the liver are needed for the biotransformation of enzymes.

This biotransformation process takes place principally
in the liver, i. e. in the smooth endoplasmic reticulum,
partly also in the mitochondria. The kidneys, lungs, in-
testine, muscles, spleen and skin are involved to a lesser
degree in biotransformation. Through hydrolysis and re-
duction, the intestinal flora may also play a role in this
metabolic process. • Biotransformation is limited by the
hepatic blood flow (� flow-limited elimination) and by
the capacity of microsomal enzyme systems (� cap-
acity-limited elimination). (80, 95)

12.4.1 2-phase reaction

Biotransformation of xenobiotics takes place in two
phases. In phase I (� functionalization reactions), react-
ive groups are either activated or inserted into the sub-
stance molecule, thus providing the lipophilic molecule
with a functional hydrophilic group. (In phase II, a
hydrophilic residue is added to this group; transferases
hereby catalyze the conjugation with an endogenous
substance.) • Phase I effects the insertion of reactive (po-
lar) groups (such as �OH, �COOH, �SH, �NH2) by
means of four chemical processes: oxidation, reduction,
hydrolysis, and hydration.

Oxidation reactions (or hydroxylation) by oxidases (� removal of
hydrogen or electrons) and dioxygenases (� insertion of the 2
atoms of the oxygen molecule into the foreign substance) as well
as by monooxygenases (� insertion of one oxygen atom into the
foreign substance and reduction in the other oxygen atom to H2O)
are of great significance in biotransformation. • Here the conver-
sion of xenobiotics may be accomplished via various enzymatic
pathways by means of oxidation: (1.) aromatic amines, (2.) ali-
phatic chains, (3.) alcohol and aldehydes, (4.) oxidative N-desalkyl-
ation, (5.) oxidative O-desalkylation, (6.) oxidative desamination,
(7.) S-oxidation, (8.) N-oxidation, and (9.) S-O-exchange.

Cytochrome P 450: The drug-metabolizing enzymes re-
sponsible for the breakdown of xenobiotics (B.B. Brodie,
1967) exhibit mainly oxidative properties. In particular,
the microsomal mixed-function monooxygenases are
worth mentioning. They contain the haemprotein
cytochrome P 450 consisting of a complex of various
isoenzymes. The name cytochrome P 450 signifies that
reduced cytochrome has a carbon-monoxide difference
spectrum with 450 nm maximum absorption (R.W. Esta-

brook et al., 1975). CYP enzymes can be detected in the
smooth ER as well as after high-speed centrifugation
in the microsomal fraction. The highest levels of CYP
activity are seen in centroacinar zone 3 and the lowest
in periportal zone 1. Biliary epithelia, endothelial cells
and Kupffer cells contain no cytochrome P 450. Up to
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now, 57 functional CYP genes and 33 pseudogenes ar-
ranged into 18 families and 42 subfamilies have been
found, including 1A1, 1A2, 2A6, 2A7, 1B1, 2B1, 2B4, 2B6,
2B7, 2C3, 2C6�2C9, 2C11, 2C18, 2C19, 2D1, 2D6, 2E1, 3A1,
3A4, 3A5, 3E1, 4A1, 4B1, 5A1 and others (� number of the
enzyme group, letter of the enzyme subgroup, number
of the respective enzyme species). Cytochrome P 450 en-
zymes are ubiquitous. They are found in bacteria, plants
and animals. The approximately 500 known cytochrome
P 450 genes have developed from a common gene, which
probably originated 3�3.5 billion years ago. (71) • Fur-
thermore, a flavoprotein (� hydrogen transfer agent)
and an NADPH-cytochrome-C reductase (� hydrogen
donor) exist. One oxygen atom is needed for the oxi-
dation of the respective substrate, the second oxygen
atom serves the oxidation of hydrogen to water. The
high degree of hereditary biochemical individuality in
biotransformation is achieved through these diverse oxi-
dative reactions. (105)

The range of microsomal enzymes includes epoxide hy-
dratase. This is required for the degradation of epoxides,
which may originate as aliphatic or aromatic decompos-
ition products from the metabolism of foreign sub-
stances. The precursors of these biotoxometabolites are
hydroperoxides, formed, for example, from arachidonic
acid by means of lipoxygenase activity. Epoxides are
capable of provoking toxic, mutagenic, antigenic, car-
cinogenic and other effects (� chemical lesion).

Reduction: Phase I can also be accomplished by means of re-
ductions. The reductive enzymes are localized both in the micro-
somes and the cytosol. They trigger the enzymatic transformation
of ketones, aldehydes, sulphoxides, nitro- and azo-linkages, etc.
The intestinal flora also contributes to the reductive metabolism
of foreign substances.

Hydrolyses: They are of minor significance. Here amidases and
glycosidases are important enzymes. Intestinal bacteria with
hydrolytic activity split mainly phase II metabolites in the large
intestine, with the result that absorbable catabolites then enter the
enterohepatic circulation.

Through the metabolic stages of phase I alone, sub-
stances can be made water-soluble and thus capable
of being excreted via the kidney.

In phase II (� conjugation reactions), the foreign sub-
stance molecule or a metabolite formed in phase I con-
jugates with an endogenous substance by means of
specific transferases. The resulting, mostly acidic conju-
gation products are highly hydrophilic and are therefore
readily excreted in the urine and/or bile. Most of these
conjugates are biologically inactive and thus in the true
sense of the word “detoxicated”. Some conjugates can
be rehydrolized to the initial substance and then reab-
sorbed in the intestine. • Phase II, with its enzyme reac-
tions, occurs (like phase I) in the endoplasmic reticulum.
For the conjugation process, various substances can be
used as endogenous ligands:
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Endogenous ligands

1. Activated glucuronic acid
(by glucuronosyl transferase)

2. Activated sulphuric acid
(by sulphotransferase or thiosulphate-S transferase)

3. Activated acetic acid
(by N-acetyl transferase)

4. Amino acids (glycine, glutamine, taurine)
(by transacylase)

5. S-adenosyl methionine
(by transmethylase)

6. Mercapturic acid derivatives
(by glutathione-S transferase)

Phase II is adequate for biotransformation if the ini-
tial substance possesses a group with binding ability,
i. e. phase I is no longer needed for the activation or
insertion of a reactive group.

Sometimes neither phase I nor phase II is required for
the elimination of a foreign substance: the given sub-
stance is firstly taken up by the liver cells due to its low
lipophilicity, but can nevertheless be excreted ad-
equately via the kidneys despite its low hydrophilicity.

12.4.2 Enzyme adaptation

In the course of evolution and during the short life-span
of every human being, it was � and still is � necessary
for the performance of enzyme systems involved in bio-
transformation to adapt permanently to the require-
ments of life. This enzyme adaptation is achieved by
four mechanisms:

1. Enzyme induction
2. Enzyme inhibition
3. Activation of an inactive enzyme
4. Reduction in enzyme breakdown

Changes in the enzyme activities involved in biotrans-
formation may be caused by various factors. These can
be both non-variable and variable in nature with indi-
vidually different modes of influence. (s. tab. 3.18) (s.
fig. 3.11)

Variable factors Non-variable factors

1. Protein content of 1. Genetics
nutrition 2. Gender

2. Pharmacons 3. Age
3. Chemicals
4. Alcohol
5. Constituents of

tobacco smoke
6. Heavy metals
7. Pregnancy
8. Diseases, etc.

Tab. 3.18: Variable and non-variable factors influencing the bio-
chemical mechanisms involved in the metabolism of foreign sub-
stances



Biochemistry and Functions of the Liver

Fig. 3.11: Diagram showing the bio-
transformation of foreign substances
and their influencing factors as well as
the development of reactive products
and biotoxometabolites
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Enzyme induction is of the greatest importance. Xeno-
biotics may lead to an increase in biotransformation en-
zymes. Various foreign substances induce different en-
zyme systems, resulting in various types of enzyme in-
ductions. (105) Initially, enzyme induction can only be
detected by means of electron microscopy. In more in-
tensive and longer-lasting induction, proliferation of the
smooth endoplasmic reticulum (SER) becomes more
clearly visible microscopically. (s. figs. 2.9; 21.2) This is
accompanied by a rise in γ-GT in serum, as this enzyme
is formed there and produced in higher amounts corres-
ponding to the increased proliferation of the SER. (s.
p. 98)

� Viewed from this angle, a rise in γ-GT is a “physiologi-
cal” process, i. e. a criterion for increased enzyme induction
or a sign of adaptation to the requisite (and accomplished)
enhancement in biotransformation performance.

� Membrane hyperplasia: The proliferation rate of the
SER may have developed to such an extent that cell
volume grows by up to 50%; this can increase the weight
of the liver and cause hepatomegaly. (see chapter 11)

In response to enzyme induction, various metabolic
processes may occur:

(1.) Biotransformation or degradation capacity is in-
creased, and thus the plasma half-life is shortened. This
is achieved by endogenous active substances (e. g. ster-
oid hormones), essential substances (e. g. vitamin D)
and foreign substances (especially drugs) as well as by
changes in the enzyme inducer.
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(2.) With lower activity of the catabolites towards the
initial substance, the effect is weakened; with higher ac-
tivity of the metabolite, the effect is potentiated.

(3.) As a result of the activation of foreign substances,
adverse effects or chronic toxicity � even cancerogenic-
ity � may occur.

(4.) Owing to their chemical binding to cellular proteins,
metabolites of foreign substances may be unexpectedly
converted into biotoxometabolites. These chemical
lesions constitute irreversible changes to essential cell
components. The main cause of cellular biotoxication
are free radicals or epoxides, such as are produced in the
course of oxidative and reductive metabolic processes. A
lack of radical scavengers (catalase, superoxide dismu-
tase, glutathione, vitamins C and E, etc.) and an over-
load or disturbance regarding the respective detoxifi-
cation pathways may lead to a dangerous increase in
such biotoxometabolites. This involves the danger of the
unpredictable appearance of allergens, antigens, car-
cinogens, mutagens or toxins, and possibly antivitamins.
(s. fig. 3.11)

Alcohol plays an important role in the metabolism of
foreign substances and is responsible for numerous
interactions with drugs. A special type of cytochrome
P 450 (P 450 II E 1) is induced by the chronic intake of
alcohol. This subtype may influence other drug-meta-
bolizing enzyme systems and possibly account for the
carcinogenicity of dimethylnitrosamine in the gastroin-
testinal tract.
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The cellular endowment of other organs with cytochrome P 450
may � in the case of corresponding activation of specific en-
zyme systems and with the formation of such biotoxometab-
olites � lead to carcinogenesis in the respective organ.

Enzyme inhibition may be triggered by a number of for-
eign substances. Such a process, in turn, results in an in-
hibition of biotransformation and thus in a prolongation
of the effects of drugs and xenobiotics as well as of the
inhibitor. A reduction in enzyme activity occurs in re-
sponse to an inhibition of synthesis or an increase in
breakdown induced by foreign substances. It can likewise
be conditioned by the fact that several substances are
competing for the enzyme-binding site. In administering
drugs to elderly people, it should be considered that cyto-
chrome P 450-dependent enzyme reactions get slower
with age, thus making dose adjustments necessary.

The major types of enzyme inducers are: (1.) phenobar-
bital (2.) methylcholanthrene, and (3.) anabolic steroid.
(s. tab. 3.19)

Effect of induction Phenobarbital Methylcholan-
type threne type

Microsomal proteins �� (�)
Cytochrome P 450 �� ��
Cytochrome P 448 (�) ��
NADPH cytochrome- �� �
C reductase
NADPH-cytochrome �� �
P 450 reductase
Glucuronyl transferase (�) ��

Steroid metabolism accelerated �
Acceleration of by several active by only few
metabolism substances active substances
Bile secretion �� �

Liver weight �� (�)

Onset of effect after 2�3 days after 12�24 hours

Tab. 3.19: Effects of enzyme inducers of the phenobarbital and
methylcholanthrene types (� � increased, (�) � slightly in-
creased, � � not increased or not accelerated)

� The knowledge of biotransformation currently
available raises the following issue, which up to now
may not have been given the attention it deserves:
owing to the considerable individual variability of
drug metabolization (� pharmacogenetics) with mul-
tiple influencing factors, it might be problematic in
clinical studies to administer the same drug dosage
to all study participants and to obtain comparable
equivalent results for the drug under study. • Both the
therapeutic efficacy and side effects of a drug may vary
greatly in different patients, even with similar plasma
concentrations. • This might further explain the po-
tential divergency of clinical study results � and
possibly also the potential “inefficacy” of a drug or
an “adverse drug reaction”.

56

13 Ammonia detoxification and
bicarbonate neutralization

13.1 Urea cycle
� As early as 1815, C. B. Rose had assumed the synthesis of
urea to be localized in the liver. (s. p. 10) In 1858 A. Heynsius

observed that the concentration of urea was higher in the liver
than in all other organs. In 1868 E. Stadelmann found patients
with liver disease to have markedly increased blood levels of
ammonia compared with normal individuals.

Ammonia: NH3 is a colourless gas. It is freely soluble in water,
whereby ammonium is formed. Ammonia develops in the liver fol-
lowing degradation of protein, amino acids, nucleinic acids and
biogenic amines, and in the kidney by tubular hydrolysis of gluta-
mine.

Ammonium: NH4
� is free NH3 dissolved in water. It is defined as

the sum of free NH3 and ionized NH4
�, which is in a pH-depend-

ent dissociation balance with NH3, i. e. alkalosis shifts the balance
towards free ammonia. With a normal blood pH value of 7.4,
more than 90% of the ammonium are available as NH4

�.

The formation of ammonium is a continuous metabolic
process. The highest amount of about 4 g/day (� 0.23
mol/day) is formed in the colon, a lower production of
ammonium takes place in the small intestine from gluta-
mine. Furthermore, 20% of the urea formed in the intes-
tine are rehydrolyzed to ammonium. A total of
300�500 mmol ammonia are produced daily in the in-
testinal tract; thus the concentration of NH4

� is 5�10
times higher in the portal vein than in the peripheral
blood. • The liver produces a higher amount of NH4

�

from the degradation of protein and amino acids which,
however, is directly detoxified in the urea cycle. • A con-
siderable amount of ammonia is also formed in muscle,
depending on muscular action. • In the kidneys, 30�40
mmol ammonium are produced daily by the tubular hy-
drolysis of glutamine (with the help of glutaminase) and
passed into the blood. In potassium deficiency and
alkalosis, the renal formation of ammonia is markedly
increased. • Helicobacter pylori also produces am-
monium: this pathogen carries urease molecules on its
surface. These split the urea, which is amply formed in
the contents of the stomach, into ammonium and hy-
drogen carbonate. Depending on the number of patho-
gens and the amount of urea, large concentrations of
ammonium accumulate. As a result, the gastric acid is
neutralized in its microenvironment by helicobacter, so
that the pathogen gains time to penetrate the mucosa.
(s. pp 62, 266)

� With the degradation of 100 g protein, 20 g ammonia are
formed. It is freely diffusible and thus toxic. Therefore it must
be rapidly dissolved in water and converted into nondiffusible
ammonium. The higher intracellular concentration of protons
causes NH4

� to accumulate in the cell. (s. fig. 3.15)

An increase in freely diffusible, and thus toxic, ammonia may be
due to a dissociation imbalance with ammonium as well as inad-
equate detoxification of NH3 and NH4

�. The question of the tox-
icity of ammonia, especially neurotoxicity, has not been fully ex-
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� Carbamoyl phosphate synthetase*
� Ornithine carbamoyl transferase*
� Argininosuccinate synthetase
� Argininosuccinate lyase
� Arginase
� N-acetyl glutamate synthetase

MTS = specific membrane
transport system for ornithine
(“urea starter”)

* Enzyme activation requires zinc

Fig. 3.12: Diagram showing the ammo-
nia detoxification process in the urea
cycle (�ornithine cycle) (H.A. Krebs, K.
Henseleit, 1932) (A.L. Lehninger, 1979)
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plained with regard to its pathogenesis. Proposed potential causes
include: (1.) damage to the mitochondria, (2.) disturbance or insuf-
ficiency of major liver cell functions, (3.) increase in the per-
meability of the blood-liquor barrier, and (4.) dysregulation of
neurotransmitters and their receptors.

The detoxification of ammonium must be balanced with
the formation of ammonium in order to avoid toxic con-
centrations in the peripheral blood. The urinary elimin-
ation rate is 20�40 mmol/day (� 1.9 g). • The detox-
ification of ammonium takes place in the liver-specific
urea cycle. The skeletal muscles and the brain are in-
volved in ammonium detoxification via the glutamine
cycle.

The urea cycle, also called ornithine cycle, was first de-
scribed by H.A. Krebs and K. Henseleit in 1932. (quot. 51)
The principle of ammonia detoxification in the urea
cycle is based on the conversion of ammonium and bi-
carbonate in the mitochondria under ATP consumption
into carbamoyl phosphate (by means of carbamoyl
phosphate synthetase). It enters the urea cycle, which is
localized mainly � yet with a low affinity for am-
monium � in the periportal zone of the liver lobule. In
the urea cycle alone, about two thirds of the amino ni-
trogen of ammonia are irretrievably lost to the organism
(� definitive ammonia detoxification). (s. fig. 3.12)

With increasing dysfunction of the liver, the enzymes
responsible for the urea cycle display a marked loss of
activity. Some of these enzymes are zinc-dependent (s.
fig. 3.12); a decrease in enzyme activity is therefore evi-
dent in zinc deficiency. (s. tab. 3.15)

The remaining third of the ammonia is trapped by the
peripheral hepatocytes (� scavenger cells) due to their
high affinity. By means of glutamine synthetase, gluta-
mine is formed as a nontoxic transport form of ammonia.
At the same time, it also serves to activate the urea cycle
(� temporary ammonia detoxification). (s. fig. 3.13)

57

� Urea cycle: Carbamoyl phosphate synthetase is of decisive
importance in the detoxification process. However, it requires a
relatively high concentration of NH4

�. An increase in enzyme
activity (and thus in urea synthesis) is not only rapidly achieved
by an elevation in NH4

�, but also by ATP and ornithine. N-
acetylglutamate serves as a further enzyme activator, becoming
active within one hour. In the long term (within 3�7 days),
glucocorticoids and glucagon cause an increase in carbamoyl
phosphate synthetase activity. • From the hepatocyte cytosol,
NH4

� travels to the mitochondria, where it is enzymatically
restructured into carbamoyl phosphate. NH4

� may also be
formed in the mitochondria through glutamine splitting. The
mitochondrial linkage of carbamoyl phosphate and ornithine
leads, by means of ornithine carbamoyl transferase, to the
formation of citrullin. This reaches the cytosol and combines,
under ATP consumption, with aspartate (by means of arginino-
succinate synthetase) to form argininosuccinate. The latter is
split (by means of argininosuccinate lyase) into arginine and
fumarate. Fumarate enters the citric acid cycle. Arginine is split
(by means of arginase) into ornithine and urea � a reaction
reported by A. Kossel and H. D. Dakin as early as 1904. (quot.
51) Ornithine again reaches the mitochondria to be rein-
corporated in the cycle. (s. fig. 3.12)
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Fig. 3.13: Diagram showing the urea and glutamine cycle in the
liver acinus
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As a rule, 2 mol bicarbonate are required for the syn-
thesis of 1 mol urea. The amount of urea eliminated
in the urine is approximately 500 mmol/day (ca. 30 g).
Normally, only about 25% of the capacity of the urea
cycle are used. It is therefore virtually impossible for
hyperammonaemia to be a sequela to isolated NH4

�

hyperproduction alone. • In patients with liver cirrhosis,
the capacity for urea synthesis is reduced by approxi-
mately 80%, i. e. there is a considerable decrease in am-
monia detoxification in the periportal field, predomin-
antly due to a function loss on the part of the periven-
ous scavenger cells.

Alkalosis and hypokalaemia (possibly caused by sec-
ondary hyperaldosteronism or use of diuretics) shift the
dissociation constant towards free, toxic NH3. By con-
trast, ammonia is considered � in a process resembling
a vicious circle � to be a secondary stimulus for aldos-
terone production. • Thiazide diuretics in particular put
an overload on the detoxification capacity of the scaven-
ger cells. This is because of an insufficient supply of
bicarbonate for carbamoyl phosphate synthetase reac-
tion due to diuretic-induced inhibition of the mito-
chondrial carboanhydrase.

13.2 Glutamine cycle
� In glutamine synthesis, glutamate is initially formed by the bind-
ing of NH4

� to α-ketoglutaric acid, which is converted into gluta-
mine through ATP-dependent amidation by means of glutamine
synthetase. This synthetase is found in the microsomes and mito-
chondria of the hepatocytes as well as of the muscle and brain
cells. Glutamine synthesis is not a liver-specific process. Glutamine
constitutes the non-toxic transport form of NH4

� between the tis-
sues. Glutamine synthesis and glutamate transport take place in
the perivenous zone, whereas the glutaminase reaction occurs in
the periportal zone (� intercellular glutamine cycle).

The glutamine cycle and the urea cycle are economically
sequenced. The urea cycle localized in the periportal
field requires a high concentration of NH4

�, which is
likewise available in the sinusoidal blood of that area.
Through the glutaminase reaction, which is also lo-
calized in the periportal field, an additional amount of
NH4

� is released by glutamine splitting for stimulation
of urea synthesis (� high capacity with low affinity). •
By contrast, glutamine synthetase shows a high affinity
for NH4

�, so that even small amounts of ammonium,
which have escaped the urea cycle, are “temporarily”
detoxified by the glutamine synthesis taking place in the
perivenous blood (� low capacity with high affinity).
Only approximately 8% of the perivenous hepatocytes
are needed for fixation of residual ammonia. (s. fig.
3.13)

The glutamine formed in the liver is released into the
systemic circulation. Through arterial blood, the brain
is also supplied with ammonium (approximately 10% of
the plasma concentration). Detoxification is effected via
glutamine synthesis. The glutamine formed in the brain
enters the blood circulation. In the muscles, ammonium
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is also converted into glutamine through the pathway of
glutamine synthesis and passed into the blood. Gluta-
mine travels from the blood to the kidneys, where it is
split into glutamate and ammonia by glutaminase. NH3

is excreted in the urine. Glutamine is also released into
the small intestine, where it serves as the main source
of energy for mucosal cells. The ammonia liberated by
splitting is transported as NH4

� through the portal vein
to the liver for detoxification. (s. fig. 3.14) • NH4

� is
rapidly converted into a nontoxic form. This is done by
(1.) transfer to a ketonic acid with formation of a cor-
responding amino acid, (2.) formation of carbamoyl
phosphate, and (3.) formation of the acid amide of
glutaminic acid (� temporary ammonia detoxification).
The nitrogen from the acid amide group of glutamine
remains in the metabolism for various syntheses. This
group of acid amides is therefore called the ammonium
storage group.
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Fig. 3.14: Schematic diagram showing ammonium metabolism and
the organs which are involved via the blood circulation (blue �
glutamine, red � NH4

�, green � urea)

13.3 Bicarbonate neutralization

A high amount of bicarbonate is constantly being pro-
duced in the body. Degradation of 100 g protein yields
approximately 1 mol bicarbonate (� 61 g). Bicarbonate
neutralization takes place via the urea cycle too, as the
synthesis of 1 mol urea requires 2 mol bicarbonate. Be-
sides the lungs and kidneys, the liver therefore also plays
an important role in acid-base metabolism and is partly
responsible for pH homoeostasis.

The pH value in the portal vein drops in the case of
increased urea synthesis. This decrease corresponds to
the consumption of HCO3

�. At the same time, intra-
and extrahepatic glutamine synthesis is reduced. When
the pH value falls in the blood, corresponding amounts
of bicarbonate must be made available for the compen-
sation of metabolic acidosis. This amount of HCO3

� is
then not available for urea synthesis, which results in a
curbing of the urea cycle. Additionally, the glutaminase
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Fig. 3.15: Tabular survey of
catabolites of 100 g protein
and their hepatic and renal
metabolic pathways includ-
ing excretion in the urine
under normal metabolic-
acidosic and metabolic-alka-
lotic conditions. (If no other
units are specified, the data
are in mmol)

reaction is reduced, and there is a decline in the intrami-
tochondrial production of bicarbonate as a result of de-
creased carbonic anhydrase activity, with a further curb-
ing of the urea cycle. Simultaneously, an increase is ob-
served in hepatic glutamine synthesis, and (by augmen-
tation of the pH-regulated glutamine degradation in the
kidneys) the definitive urinary elimination of surplus
NH4

� is achieved (� renal ammoniogenesis) � without
simultaneously influencing the acid-base metabolism. •
The rise in the blood pH value is followed by an increase
in urea synthesis: in metabolic alkalosis, the uptake of
NH4

� and HCO3
� by the mitochondria is enhanced

with an elevated consumption of bicarbonate for
increased urea synthesis. In the mitochondria, CO2 is
converted spontaneously or by carbonic anhydrase into
H-ions and bicarbonate.

Thus the bicarbonate buffer in the liver with its components CO2

and HCO3
� is also used for maintaining pH homoeostasis. The

various cellular and subcellular compartments can only keep their
own specific pH values constant provided the pH value of the
extracellular space is not subject to major fluctuations. A constant
balance between the formation and excretion of CO2 and HCO3

�

must therefore be guaranteed. • Bicarbonate neutralization takes
place, energy-driven and irreversibly, in the urea cycle. In this
context, HCO3

� is considered to be a relatively strong base,
whereas NH4

� is regarded as a weak acid.

The following mean metabolic values apply to the degradation of
100 g protein: ca. 1,000 mmol NH4

�, ca. 1,000 mmol HCO3
�, 20

mmol SO4
�� and 3 mol CO2 (0.5 mol CO2/day are additionally

formed in urea synthesis and sulphuric acid neutralization). Some
40 mmol HCO3

� are buffered by 20 mmol H2SO4. • The amounts
of 960 mmol NH4

� and 960 mmol HCO3
� give a total of 480

mmol urea reaching the kidneys. Furthermore, 40 mmol NH4
� are

transferred as glutamine from the liver to the kidneys, where they
are again split to give 40 mmol NH4

�. (s. fig. 3.15)

The acid-base metabolism is influenced by the pH- and
HCO3

�-regulated switchover of ammonium detoxi-
fication from urea to glutamine formation. In acidosis,
bicarbonate is conserved by curbing hepatic urea syn-
thesis; in alkalosis, however, bicarbonate is consumed
by enhancing hepatic urea synthesis. (1, 34, 35)
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14 Alcohol uptake and degradation

Alcohol is the designation for hydrocarbons in which
the H-atoms are substituted by one or several hydroxyl
groups (�OH).

According to the number of OH groups, a subdivision is made
into 6 alcohol types: 1-valent (� alcohols), 2-valent (� glycols),
3-valent (� glycerins), 4-valent (� erythritols), 5-valent (� pen-
titols), and 6-valent (� hexitols).
According to the binding type of the OH group, a distinction is
drawn between primary (�CH2�OH), secondary (�CH�OH)
and tertiary (�C�OH) alcohols.
The nomenclature follows two principles: (1.) the ending “ol” is
added to the name of the paraffin hydrocarbon (e.g. methanol),
or (2.) the name of the corresponding alkyl group is placed
before the word alcohol (e.g. methyl alcohol).

The term “alcohol” which is generally applied in
medicine corresponds to the chemical compound
ethanol or ethyl alcohol. Its empirical formula is
C2H5OH or CH3�CH2�OH, respectively.

14.1 Endogenous alcohol synthesis

Alcohol may be formed in the body in three ways and
therefore a cellular alcohol-metabolizing system has
evolved in the course of phylogenesis:

1. Under physiological conditions, alcohol may be
formed in intermediary metabolism as an intermediate
product, e. g. in pyruvate decarboxylation and threonine
degradation. Here minimal amounts of alcohol may
arise (blood alcohol concentration of about 0.0009�
0.001‰).

2. Some intestinal bacteria (e. g. Escherichia coli, sal-
monellae, and especially gram-negative pathogens) are
also equipped with a fermentation capacity and produce
small amounts of alcohol. No alcohol is detectable in
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the stool, however. Blood normally contains minute
quantities of alcohol (on average 0.02�0.03‰).

3. Endogenous intestinal fermentation may occur in the
case of an excessive intake of carbohydrates in the diet
(e. g. fruit juices, farinaceous food, raw fruit and vege-
tables), in the presence of certain intestinal fungi (e. g.
Candida species [C. albicans, C. tropicalis, C. stella-
toidea, C. glabrata, C. parapsilosis, C. guilliermondii, C.
kefyr, C. robusta, etc.] as well as Saccharomyces cerevi-
siae and some types of Torulopsis and Trichosporae). In
this way, amounts of alcohol corresponding to a blood
alcohol level of 0.15�0.30‰ may be produced.

14.2 Exogenous alcohol uptake

Exogenous alcohol uptake in the body may occur in
three ways:

1. Oral consumption of alcohol in various forms:
� alcoholic beverages
� alcoholic home remedies
� alcohol contained in drugs
� alcohol contained in food (e. g. kephir, bread)
� alcohol-“free” fruit juices are allowed to have an al-

cohol content of up to 0.5% by volume due to fer-
mentation in the bottle

� alcohol-“free” beers have an alcohol content of up
to 0.4% by volume

� alcohol produced from fruit, e. g. intestinal fermen-
tation of the durian (Durio Zibethinus).

Too little attention has been paid to the alcohol content
of drugs, or the respective content has generally been
considered negligible. In this context, we found the fol-
lowing relevant data: In the 1993 „Rote Liste“*, 902
drugs had an alcohol content of 5% to >81% by volume;
the corresponding figure for 1996 was 854 out of 11,714
preparations (� 7.3%).

* „Rote Liste“ (� “Red List”: German Pharmaceutical Directory)

Red List 1993 1996 1993 1996

�10% in volume �147 114 51�60% in volume �121 161
11�20% in volume �166 196 61�70% in volume � 72 90
21�30% in volume �121 127 71�80% in volume � 3 6
31�40% in volume �126 130 �81% in volume � 10 10
41�50% in volume �133 147 no data � 3 �

It is astonishing � and actually irresponsible � that
15 (out of 89) “liver therapeutics” given in the 1994
„Rote Liste“ and 14 (out of 95) given in the 1997
„Rote Liste“ have an alcohol content of 25�66% in
volume. • Alcoholics who have “dried out” should pay
particular attention to this point!

2. Inhalation of alcohol vapour.
3. Percutaneous uptake through the skin is possible �
such as when using cosmetics, after-shave, gloss paints
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and alcohol compresses � especially in cases involving
an increased resorption capacity of the epidermis.

14.3 Alcohol absorption

Only small amounts of alcohol are absorbed by the oral
mucosa. About 20 to 30% are absorbed in the stomach
and 70 to 80% in the duodenum and the upper section
of the small intestine. The extent and speed of absorp-
tion are influenced by various factors. (75) (s. tab. 3.20)

Due to a number of influencing factors, the amounts
of alcohol absorbed per time unit vary greatly in the
individual case. Thus the rate of hepatocyte exposure to
alcohol is also influenced. Furthermore, different ab-
sorption rates occur depending on the mental state (e. g.
balanced mood, aggressive excitation, exhaustion ac-
companied by resignation) and the physical condition
(e. g. resting, carrying out heavy work).

Increased gastric ADH activity
and/or inhibition of absorption
1. Full stomach
2. Kind of food

� rich in proteins, rich in fats
� rich in fibre

3. Slow drinking
4. Low alcohol concentration
5. Pyloric stenosis

Reduced gastric ADH activity
and/or acceleration of absorption
1. Empty stomach
2. Kind of alcoholic beverage

� sweet or hot
� containing CO2

3. Rapid drinking
4. High alcohol concentration
5. Gastric resection

Tab. 3.20: Factors influencing the absorption of alcohol

Absorption of alcohol in the gastrointestinal tract takes
place much more rapidly than its degradation. As a re-
sult, accumulation of alcohol, even at toxic levels, may
readily occur. Alcohol is rapidly and completely ab-
sorbed in the upper gastrointestinal tract and trans-
ported to the liver through the portal vein. Thereafter,
alcohol dissolves in the body fluids and is distributed to
all organs depending on their water content. On average,
the body’s water content amounts to 65%, the average
water content of blood being 83%. When a diffusion
balance has been achieved between the blood and the
tissues (after about 45�90 minutes), the alcohol concen-
tration in the blood is 1.27 times higher than in the
body tissues. Five minutes after its uptake, it is already
detectable in the blood. Maximum concentrations are
reached after 30�60 minutes. In the case of obese
people, blood alcohol levels are considerably higher
than in persons of normal weight.
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14.4 Biochemical parameters of alcohol uptake

The caloric value of alcohol is 7.1 cal/g (� 29.7 kJ). In
the case of alcoholic beverages with calorie-containing
ingredients, it is necessary to add the calories for carbo-
hydrates (4.0 cal/g) and, if applicable, for protein (4.0
cal/g) as well as for fat (9.0 cal/g).

Biochemical quantities are always based on pure al-
cohol in grams. (s. tab. 3.21) The alcohol amount in-
gested in grams (A) is calculated from the volume % of
the drink multiplied by the specific weight of the al-
cohol (0.8):

vol. % x 0.8 � amount of alcohol contained
in grams/100 ml alcoholic beverage

Example: Beer with 5 % volume alcohol contains 5 grams, i. e. 50
grams alcohol/litre. As alcohol is lighter than water, this is multi-
plied by 0.8. Therefore 50 x 0.8 � 40 grams alcohol/litre.

Conversely, alcohol volume percentage (vol. %) can also
be calculated from the alcohol-gram content per litre (s.
tab. 3.21):

alcohol grams/litre x 1.25 � vol. %

Example: 40 g alcohol/litre x 1.25 � beverage contains 5 vol. %.

Beverage Alcohol content Alcohol content
(vol. % per (grams/litre per
beverage) beverage)

export, pils, weissbier 4�6 32.0�48.0
bockbier, doppelbock 6�9 48.0�72.0
apple wine 4�6 32.0�64.0
sparkling wine 5�12 76.0�96.0
champagne 5�12 76.0�96.0
white wine 9�12.5 72.0�100.0
red wine 9.5�12.5 76.0�100.0
sherry, vermouth 17�20 136.0�160.0
advocaat, cherry brandy 20�25 160.0�200.0
herbal liqueur 30�37 240.0�296.0
corn schnapps, 32�38 256.0�304.0
double-corn schnapps
calvados, gin, brandy 38�40 304.0�320.0
whisky, aquavit, 40�44 320.0�352.0
cognac, fruit schnapps
vodka, rum 40�55 320.0�440.0
balm spirit 79 632.0

Tab. 3.21: Alkohol content in vol. % and grams per litre for a
variety of beverages

The blood alcohol concentration (BAC) is the balance be-
tween absorbed and eliminated amounts of alcohol. Fatty
tissue takes up little alcohol and is incapable of degrading
it. Here the various factors influencing absorption are
not considered. (s. tab. 3.20) The BAC is calculated using
Widmark’s formula (E. M. P. Widmark, 1922):

A � c � p � r
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whereby A represents the amount of alcohol (in g), c
the blood alcohol concentration (in ‰), p the body
weight (in kg), and r a reduction factor of 0.7 for men
and 0.6 for women.

The alcohol level (‰) is given in grams of ethanol per
1,000 ml blood and is calculated on the basis of the for-
mula:

c �
A

p � r

Example: One glass of beer of 0.2 l and with 5% alcohol in volume
contains 8 g pure alcohol. In the case of a man weighing 70 kg
this corresponds to a ratio of 8:49 (70 x 0.7) � 0.16‰.

14.5 Alcohol degradation

The capacity to degrade alcohol is, to a high degree,
genetically determined. Approximately 90% are de-
graded by the liver. A small percentage (<10%) is also
metabolized in the stomach by means of gastric alcohol
dehydrogenase. The ADH activity of the gastric mucosa
is reduced in women, in old age, following adminis-
tration of cimetidine and after gastric resection as well
as in cases of chronic alcohol abuse (more markedly so
in women than in men). Up to 8% are eliminated un-
changed via the lungs and the skin, whereas around 1%
is excreted in the urine. Some 10�15% are degraded
enzymatically by the gastric mucosa and around 80% by
the liver. Alcohol elimination increases considerably in
the case of chronic alcohol consumption.

The metabolization rate of alcohol amounts to 1.9�3.2
mmol � kg�1

� hr�1, i. e. 88�146 mg alcohol/kg BW/hr,
for a single intake in a healthy organism; the maximum
degradation capacity is about 240 g alcohol/24 hr. Fol-
lowing completed absorption and diffusion balance be-
tween blood and tissues, alcohol is degraded in a linear
manner at a constant reaction speed. The maximum
degradation of alcohol in men with a body weight of
70 kg is calculated to be 168 g within 24 hours, the
corresponding value for women being 143 g. At a rough
estimate, 0.7�1 g alcohol/hr is broken down per 10 kg
BW, meaning that the blood alcohol level is reduced by
0.10�0.15‰ per hour. In the case of protein deficiency
(<20�25 g protein/day), the degradation capacity is re-
duced by 28�49%. This is demonstrated in fasting (36
hours) with a 43% decrease in the degradation rate,
which is attributable to the associated increase in fatty
acid oxidation. (9, 75, 87, 96)

The lethal concentration is generally 3.5�4.0‰ (al-
though, in individual cases, people have survived higher
concentrations). The lethal dose is 2.5�3.5 g/kg BW
when alcohol ingestion occurs over a period of 1�2
hours (e. g. in a drinking bet) or 300�800 g alcohol in
total, depending on the individual case. (s. fig. 28.5)

The consumption of oxygen for alcohol degradation in
the liver is very high: approximately 75% (in alcohol
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intoxication 85% and more) of the hepatocyte O2-up-
take is used for the oxidative metabolization of alcohol.
Therefore the hepatocytes are in a state of relative hyp-
oxia. This may lead to a severe disturbance in many
physiological processes of intermediary metabolism.
The period of oxygen-consuming alcohol degradation is
thus associated with increased vulnerability of the liver
cell to further damaging factors.

A total of three enzyme systems, which can be differen-
tiated by column chromatography, are available in the
liver cells for alcohol degradation. These enzyme sys-
tems differ with regard to hepatocellular localization
and biochemical properties. (s. tab. 3.22)

1. Alcohol dehydrogenase (ADH)
2. Microsomal ethanol-oxidizing system (MEOS)
3. Catalase

Criteria ADH MEOS Catalase

Intracellular Cytosol Endoplasmic Peroxisomes
localization reticulum

Cofactor NAD NADPH; O2 H2O2

pH optimum 11 6.9�7.5 5.5

Substrate
specificity
� Methanol �� �� ����
� Ethanol ��� ���� ����
� Propanol ���� ��� (�)
� Butanol ���� �� �
� Pentol ���� � �

Increase in � ���� �
enzyme activity (s > t)
following chronic
consumption of
alcohol

Tab. 3.22: Localization-related and biochemical differences of the
three enzyme systems responsible for alcohol degradation

1. Alcohol dehydrogenase (ADH) is of great relevance
for alcohol degradation. It is not available before the 3rd

year of life and is localized in the cytosol of the hepato-
cyte, predominantly in the centre of the liver lobule.
ADH is a zinc-dependent enzyme; in cases of zinc de-
ficiency (as caused by alcohol abuse in particular), there
is a loss of activity with further diminution of alcohol
metabolization. So far, five isoenzymes (ADH1�5) with
additional subgroups have been identified; in the mean-
time, another gastric ADH isoenzyme has been detected
in the gastric mucosal cells. The activity of gastric ADH
depends, for example, on gender, age, drug intake and
potential colonization with Helicobacter pylori. • An
“atypical ADH2.2” (with 3 to 6 times higher activity)
occurs in Europeans in 5�20% of cases, the respective
frequency for East Asians (e. g. Japanese, Chinese, Kore-
ans) being 80�98%. The increased occurrence of the
“flushing syndrome” in these races is based on this
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“atypical ADH” and on a genetic reduction in the
ALDH1 isoenzyme. (s. tab. 3.23) (s. p. 64) (9, 60, 78)

ADH 4 and ADH 5 can only rarely be demonstrated.
Both possess a low affinity with alcohol; they are there-
fore of no importance for degradation purposes. ADH 4
is only found in the gastric mucosa. It is to be noted
that cimetidine and ranitidine inhibit the ADH of the
liver and the gastric mucosa, thus elevating the blood
alcohol level. This is, however, not the case with famoti-
dine. • In patients with liver disease, ADH activity is
reduced � and therefore alcohol degradation as well.

ADH also oxygenates methanol into toxic formal-
dehyde. Consequently, ethanol should be administered
in order to inhibit the breakdown of methanol in cases
of methanol intoxication.

Class Allele Localization

I ADH 1 liver, stomach
ADH 2.1 liver, stomach
ADH 2.2 liver, stomach
ADH 2.3 liver, stomach
ADH 3.1 liver, stomach
ADH 3.2 liver, stomach

II ADH 4 liver, stomach

III ADH 5 liver, stomach

IV stomach

Tab. 3.23: Isoenzymes of ADH in the liver and in gastric mucosa

Saturation of the enzyme ADH is already achieved at a
blood alcohol concentration of 0.5‰ with full enzyme
activity occurring at 0.2�0.5‰. Thus a maximum rate
of alcohol degradation is reached at these relatively low
concentrations. • There is no induction of the enzyme
ADH following chronic alcohol consumption. Higher
alcohol concentrations as well as protein deficiency, sex-
ual hormones, thyroidal hormones, etc. may even cause
a decrease in ADH activity.

ADH catalyzes the oxidation process in the cytosol of
the hepatocyte, forming a complex of ethanol, ADH
and NAD�. The reaction consists in transferring the
hydrogen from the ethanol molecule to NAD� with par-
allel formation of acetaldehyde.

In a subsequent, and likewise NAD-dependent reaction,
the highly toxic acetaldehyde is converted to acetic acid
in the mitochondria by way of aldehyde dehydrogenase
(ALDH). The resulting NADH is then reoxidized. (60,
78) (s. fig. 3.16)
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Fig. 3.16: Diagram
showing alcohol
degradation in the liver
cell by means of alcohol
dehydrogenase (ADH),
catalase and the
microsomal-ethanol
oxidizing system (MEOS)
as well as by aldehyde
dehydrogenase (ALDH)

The speed of alcohol degradation by ADH is determined by the
reoxidation rate of NADH to NAD. The metabolization of 1 mol
alcohol yields 2 mol NAD � H�. This leads to a massive shift in
the redox status of the liver cell in favour of reduction. Alcohol
degradation would cease if NADH were not continuously reoxi-
dized. Thus the degradation of alcohol is limited by all NADH-
oxidizing processes taking place in the hepatocyte. The reoxidation
of NADH, i. e. the removal of alcohol hydrogen, occurs through
the oxidation of hydrogen to water in the mitochondrial respira-
tory chain, whereby energy is produced. An inhibition of the
respiratory chain by specific inhibitors almost completely stops the
degradation of alcohol. Acetic acid is released into the blood,
where it is converted to acetyl CoA in the extrahepatic tissues. It
is included in the citric acid and fatty acid cycles as well as in
cholesterol synthesis, or is oxidized to CO2. • Acetic acid is the
final product of alcohol degradation. (s. fig. 3.16)

Alcohol hydrogen is transferred via the malate-aspartate
cycle from the cytosol to the mitochondrial respiratory
chain. The passage of 1 mol-reducing equivalents is ef-
fected by transporting 1 mol malate and 1 mol gluta-
mate into the mitochondria and simultaneously remov-
ing 1 mol α-ketoglutarate and 1 mol aspartate from the
mitochondria. In this way, cytosol hydrogen enters the
respiratory chain, which is functionally embedded in the
citric acid cycle.

2. The microsomal ethanol-oxidizing system (MEOS)
(C.S. Lieber, L.M. DeCarli, 1968, 1970) is the second en-
zyme system involved in alcohol degradation (10�20%).
It is localized in the endoplasmic reticulum, predom-
inantly in perivenous hepatocytes. Men show a higher
MEOS activity than women. Many other factors (nu-
trition, age) may also influence this activity. With regard
to its localization and its mixed-function oxidation sys-
tem of cytochrome P 450 and cytochrome P 450 re-
ductase, it corresponds to the biotransformation system
for the breakdown of foreign substances. CYP 2E1 is a
relatively alcohol-specific isoenzyme. It can also break
down especially large quantities of alcohol into hepato-
toxic acetaldehyde. Further isoenzymes are 1A2, 2A6,
2B6, 2D6, and 3A4. • MEOS is usually localized in
centroacinar hepatocytes where there is already minimal
O2 partial pressure. As a consequence, the large amount
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of O2 required to break down the alcohol will trigger
alcohol-toxic liver damage in the centre of the lobule.
As a cofactor, MEOS requires molecular oxygen in add-
ition to NADPH. Moreover, it contains phospholipids,
whose role is not known as yet. Normally, alcohol
degradation via MEOS only plays a minor role because
of the lower substrate affinity involved. MEOS becomes
increasingly active, however, in the case of regular al-
cohol consumption and higher alcohol levels in the
blood (>0.5‰). (s. fig. 3.16)

The MEOS is induced by chronic alcohol consumption,
so that both the degradation of alcohol as well as the
metabolization of foreign substances (and drugs) are ac-
celerated with regular alcohol ingestion; some industrial
solvents and carcinogens are also more highly activated.
This is only possible, however, if no alcohol is present
in the body during the uptake of foreign substances be-
cause that would result in a competitive inhibitory ef-
fect. Thus alcohol consumers have an increased meta-
bolization capacity for foreign substances when sober
(� higher dose tolerance), which is due to increased in-
duction of the MEOS, whereas the breakdown of for-
eign substances is slowed down under alcohol consump-
tion (� higher dose sensitivity). Enzyme induction only
sets in after 2�3 days of alcohol intake, even in the case
of higher concentrations, and persists for up to 3 weeks
after discontinuing consumption. Thus ADH and the
MEOS metabolize alcohol to acetaldehyde: both en-
zyme systems have their own specific reaction and ac-
tivity. For alcohol oxidation, the MEOS does not re-
quire ADH either in an obligatory or in a facultative
sense. Accelerated metabolization of foreign material
due to increased MEOS activity may also lead to the
formation of biotoxometabolites. (s. p. 55) (s. figs. 3.11,
3.16)
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3. Catalase (D. Keilin et al., 1945) is localized in the per-
oxisomes; alcohol is oxidized via intermediate steps to
xanthine by means of xanthine oxidase. This releases
H2O2, which is deactivated with the help of glutathione
and then split into oxygen and water. By way of this
peroxidase reaction, alcohol can also be degraded to
acetaldehyde. (12) However, in the case of chronic al-
cohol consumption, glutathione is bound to acetalde-
hyde with the result that the released H2O2 can intensify
lipid oxidation. (s. fig. 3.16)

Catalase activity only occurs in higher alcohol concentrations
(>1‰), with alcohol acting as a hydrogen donor. With chronic
alcohol intake, catalase shows no changes in activity. The reaction
time is determined by the amount of the H2O2 available. Oxidative
alcohol degradation by catalase (approx. 2%) is of little importance
under physiological conditions. It differs greatly from ADH and
the MEOS. (s. tab. 3.22)

All three oxidative pathways of alcohol degradation
lead to the formation of acetaldehyde within the cytosol
of hepatocytes, preferably in the perivenous area. But
around 20% of Kupffer cells are also damaged by the
acetaldehyde. These then release highly reactive cytotox-
ins into the extracellular space, which may lead to endo-
toxinaemia. The oxidation of alcohol to form acetalde-
hyde and its reduction to an acetate require NAD as a
cofactor, which is then reduced to NADH. Permanent
overloading of the system shifts the NAD/NADH ratio
towards NADH, i. e. hepatic redox status. • This is the
major cause of numerous hepatocellular metabolic dis-
orders such as (1.) reduced activity of the tricarboxylic
cycle, (2.) reduced fatty acid oxidation, (3.) reduced glu-
coneogenesis, (4.) increased triglycerine synthesis, and
(5.) lactic acidosis. • Acetaldehyde is a reactive molecule
which can give rise to numerous biochemical effects :

� covalent bond with phospholipids and proteins
� alkaloid-like complex formation consisting of biogenic amines
� release of prostaglandins
� separation of pyridoxal-6-phosphate from the protein bond
� peroxidation of lipids
� binding to cellular membranes
� stimulation of collagen synthesis in Ito cells
� inhibition of fatty acid oxidation
� inhibition of lipoprotein secretion from the liver cell
� immunogenic effectiveness
� membrane damaged by lipid peroxidation
� suppression of oxidative phosphorylation
� shift in redox status (NAD/NADH)
� deactivation of glutathione
� diminished leukocytic defence mechanisms

Toxic acetaldehyde resulting from alcohol oxidation is al-
most completely oxidized to acetate in the liver cell by
aldehyde dehydrogenase (ALDH). For this purpose, vari-
ous NAD-dependent ALDH isoenzymes are available.
Isoenzyme II is bound to the mitochondrial matrix, while
isoenzymes I, III and IV are found in the cytosol as well
as in the microsomes and, to a lesser degree, in the mito-
chondria. They also exhibit biochemical differences.
Acetaldehyde can be oxidized either by ALDH or by xan-
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thine oxidase during the formation of acetate from H2O2,
with the potential appearance of lipid peroxidations. Fol-
lowing chronic intake of alcohol, the activity of mito-
chondrial ALDH is reduced with an increase in acetalde-
hyde, partly due to diminished NADH reoxidation in the
mitochondria. A genetically determined ALDH2 defi-
ciency, first discovered in the Japanese with an incidence
of about 50% (H.W. Goedde et al., 1979), is considered to be
a further cause of alcohol intolerance in the form of cate-
cholamine-induced vasodilation with potential dysphoric
symptoms (“flushing syndrome”) (s. p. 62). Increased pro-
duction of acetaldehyde may also be attributed to micro-
somal enzyme induction of the MEOS. (s. fig. 3.16)

� Increased acetaldehyde concentrations in the liver
cell lead to severe morphological damage, especially
in the mitochondria and the cytoskeleton, and to in-
creased lipid peroxidations.

15 Reticuloendothelial system
� As early as 1893, M. Pavlov had established in his clinical
investigations that the liver had an antitoxic function: following
a ligature of the portal vein, the blood was led past the liver,
which resulted in toxication symptoms in the form of fever and
nephritis. • In 1924 the term “reticuloendothelial system” (RES)
was coined by L.A. ASCHOFF. He used this term to describe a
widely distributed cellular functional system in the organism,
composed of sessile and circulating macrophages of mesenchy-
mal origin. These cells had a marked phagocytic capability for
particulate material. The RES was demonstrable in the liver in
particular. • Thus 30 years after the first observation made by
Pavlov, the significance of the liver as an important defence
system was confirmed.

15.1 Systematics and nomenclature

The macrophages stored in the reticuloendothelial sys-
tem are found in the CNS as microglia, and in the
spleen, lymph nodes, thymus, tonsils and bone marrow
in the form of reticulum cells. They occur as sinus wall
cells in the spleen and bone marrow, but mainly in the
liver in the form of sinusendothelial, Kupffer, Ito and
PIT cells. (s. p. 20) About 90% of the total RES are
localized in the liver.

Microphages develop from eosinophilic and neutrophilic
granulocytes; they are capable of phagocytizing small
particles (especially bacteria).

The monocytary system is localized in the connective tis-
sue of nearly all organs. It consists of sessile histiocytes
and mobile macrophages. Both cellular types may
originate from blood monocytes, which are also part of
this system.

� Based on morphological and functional criteria, it was sug-
gested that the term “reticuloendothelial system” should be re-
placed by the designation “reticulohistiocytary system” (RHS)
or the term “mononuclear-phagocytizing system” (MPS) (H. L.
Langevoord et al., 1970). This designation has not been widely
accepted, however, so that the term “reticuloendothelial system”
(RES) is still mainly used.
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15.2 Functions of the hepatic RES

The total blood flow from the vessels of the splanchnic
bed through the portal vein as well as the chyle and
lymph flow through the thoracic duct must pass the
liver. The same applies to the systemic blood flow.
Therefore, the liver is indeed the central organ for
checking the blood for foreign particles and substances
as well as for endogenous substances which must be
eliminated for physiological reasons. For these vital
functions, the RES cells are provided with special cap-
abilities (2, 48, 64, 69, 73, 85, 86, 88, 91):

1. Marked capability for phagocytosis
2. Marked capability for pinocytosis
3. Release of signal substances (cytokines, eicosanoids)
4. Endotoxin clearance
5. Abundance of enzymes
6. Capability for storing substances
7. Synthesis of the platelet-activating factor (PAF)
8. Synthesis of matrix components

(collagenase, fibronectin, proteoglycans)

1. Filter function: The sinusendothelial cells are
equipped with numerous pores of various diameters, de-
pending on their different functions. Larger molecules
and particles are hereby filtered out and kept away from
the liver parenchyma.

2. Phagocytosis function: Owing to the favourable local-
ization of the Kupffer and sinusendothelial cells in the
sinusoidal blood flow, they are able to phagocytize any
foreign colloidal or particulate substrates, endogenous
macromolecules, altered erythrocytes, autologous altered
protein, tumour cells, tissue particles, immune complexes,
bacteria, fungi, etc. For this purpose, Kupffer cells are
equipped with a special surface-ciliated border and stel-
late branches which act as mechanical trapping mechan-
isms. Moreover, they carry specific receptors for carbo-
hydrate components as well as for the Fc part of the IgG
molecule and for complement C3. They also possess lyso-
somal enzymes, yet in much lower amounts than do the
sinusendothelial cells. The degradation of bilirubin and
haemoglobin as well as the transport of iron take place in
Kupffer cells. The intensity of hepatic phagocytosis
shows a reverse correlation with the rate of blood flow in
the liver, which is of clinical significance. Tumour cells,
which are intensively phagocytized by Kupffer cells, pro-
voke liver metastases to a lesser extent than do less phago-
cytized tumour cells. Exogenous structures are submitted
to very intensive phagocytosis by the RES � as are higher
molecular weight foreign proteins.

3. Metabolization of foreign substances: Sinusendothe-
lial cells are also capable of endocytosis and, by virtue
of their extensive enzyme equipment, in a perfect pos-
ition to metabolize different kinds of foreign substances.
They are endowed with a good stock of acid phosphat-
ase, acid DNase, β-N-acetylglucosaminidase, β-glucu-
ronidase, arylsulphatase (A, B), cholesterol esterase, col-
lagenases, etc.
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4. Clearance function: Sinusendothelial cells assume a
clearance function with respect to connective-tissue
macromolecules (e. g. mucopolysaccharides) through
endocytosis and enzymatic breakdown. The clearance of
bigger molecules takes place more rapidly than that of
smaller ones. Mucopolysaccharides (e. g. components of
coagulation, of blood groups and of immune substances)
are constantly produced in the intermediary metabolism.
It is imperative to clear such substances from the blood.
The biosynthesis of mucopolysaccharides in the endo-
plasmic reticulum is stimulated by androgens and STH,
and is inhibited by glucocorticoids. • The RES plays a
special role in the breakdown of polypeptide- and poly-
saccharide-containing fibrinolysis activators (e. g. tissue
plasminogen activator). Insufficient breakdown of these
substances is a major cause of impaired hepatogenic hae-
mostasis. • Its capacity to remove antigens from the blood
circulation means that the liver is the central organ for
nonspecific defence processes. Bacteria, viruses and
macromolecules, which generally pass from the gastroin-
testinal tract through the portal vein into the sinusoidal
blood, may function as antigens. Likewise, immune com-
plexes are taken up and eliminated by the RES. However,
hepatocytes are also able to eliminate antigens and im-
mune complexes by means of their IgG-Fc and C3 recep-
tors. Although the phagocytosis capacity of Kupffer cells
is 14 times higher than that of hepatocytes, the liver
nevertheless contains twice as many hepatocytes as
Kupffer cells. RES cells and hepatocytes jointly form a
strong barrier against antigens and immune complexes.
The liver indirectly participates in humoral and cellular
immune reactions by means of this phagocytosis of anti-
genic substances. (64, 82, 88)

5. Elimination of endotoxins: Bacterial lipopolysacchar-
ides moving from the intestine through the portal vein to
the liver are detoxified in the RES (especially by Kupffer
cells) under physiological conditions. Hepatocytes are
also capable of taking up and detoxicating endotoxins. In
the case of reduced clearance function of the RES and
augmented formation of endotoxins or their increased in-
flux into the bloodstream, endotoxinaemia with second-
ary liver cell damage may occur. (69)

6. Metabolization of lipoproteins: The hepatic RES as-
sumes an important role in the clearance of cholesterol
esters and lipoproteins. The uptake of lipoproteins by
Kupffer cells is 3�4 times higher than by liver cells, even
though the absolute uptake capacity of liver cells is nat-
urally much higher due to their being twice as numer-
ous. The hepatic endothelial cells bind to their surface
chylomicrons, VLDL, LDL and HDL, all of which con-
tain apolipoprotein E. These cells also exhibit lipase and
cholesterol esterase activity. Under pathological condi-
tions, Kupffer cells may take up cholesterol esters in
amounts high enough for conversion into so-called foam
cells. Blockage of the hepatic RES leads to a decline in
lipoprotein clearance, potentially resulting in hyperlipo-
proteinaemia. Moreover, Ito cells are able to store lipids.
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Influence on the RES: The activity of the RES may be
intensified by opsonins (A. E. Wright et al., 1903). Opsonins
are endogenous substances which can attach themselves
to bacteria, fungi, foreign bodies, immune complexes,
etc. and thus promote their phagocytosis. Fibronectin
(so-called “molecular adhesive”), which is formed in
liver cells (and possibly also in RES cells), is a major
opsonin. The group of opsonins further comprises the
immunoglobulins G, M, C3b and C5. Glucans, zymosan
and oestrogens also enhance the activity of the RES,
whereas higher concentrations of alcohol, glucocorti-
coids and endotoxins cause an inhibition in the activity
of the RES.

Production of signal substances: Kupffer cells also
secrete substances influencing the metabolism of liver
cells. The synthesis of acute phase proteins is stimulated
accordingly. In this connection, it is particularly worth
mentioning the antiproteases, which are able to interrupt
proteolytic reaction cascades. Such reactions are trig-
gered in inflammatory processes or tissue lesions by pro-
teases formed in the liver. • Potential overactivity of
these reaction cascades is prevented by the antiproteases
produced by Kupffer cells. Thus the liver itself is capable
of controlling these reactive processes. The ideal local-
ization and morphology of hepatic RES cells facilitate
optimum functional interplay.

This cooperation not only takes place between the sinus-
oidal cells, but also with the hepatocytes: (1.) endothelial
and Kupffer cells complement each other through vari-
ous mechanisms of endocytosis and different pathways of
enzymatic clearance; (2.) as a double barrier, they protect
the liver cells both from toxic and undesired substances,
even to the extent of “self-sacrifice”; (3.) they intervene in
the metabolism of liver cells with self-produced sub-
stances; (4.) they send “signal substances” like cytokines
(e. g. interferons) and eicosanoids (e. g. leukotrienes) to
the liver cells for independent control of biochemical and
biomolecular reaction cascades.

Hepatic RES is of great relevance both under physio-
logical and pathological conditions. In the past 10
years, an array of experimental results yielding fur-
ther knowledge of the RES have become available �
yet, many questions remain unanswered or are under
discussion. Moreover, there are hardly any proce-
dures for measuring RES functions in a clinical set-
ting. Nevertheless, the RES might offer various possi-
bilities for targeted therapeutic approaches.

16 Radicals and antioxidants
16.1 Definition

H2O2 is produced by superoxide dismutase or peroxi-
somal oxidases. It is, in fact, not a radical. However, due
to its immense ability to penetrate biological mem-
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branes, H2O2 is able to have a direct damaging effect on
many biological systems. It is above all a precursor of
hydroxyl radical. H2O2 is reduced by catalase and gluta-
thione-peroxidase activity.

Radicals and reactive oxygen intermediates (ROI), or ac-
tivated oxygen species, are atomic or molecular sub-
strates formed during the reduction of oxygen in the
body. In their outer molecular surface, they carry one
or several unpaired electrons. Consequently, they are
highly reactive � but also short-lived. Their half-life
ranges between 10�9 (HO•) and 10 seconds. The small
amounts of incidentally released superoxides are usually
inactivated by high concentrations of protective en-
zymes (SOD, glutathione peroxidase, catalase) con-
tained in the mitochondrion. Superoxide anion radicals
are one of the chief sources of oxygen toxicity. They are
mainly formed in the electron transport chain of the
mitochondria and endoplasmic reticulum. As so-called
free radicals, they are available in a chemically free form.
As unstable, highly reactive molecules, radicals are able
to capture an electron from adjacent stable molecules in
order to stabilize their own atomic structure. The adja-
cent molecule concerned is thus turned into a radical
itself: the process starts anew and a chain reaction (e.g.
lipid peroxidation) sets in. This chain reaction is only
interrupted when the radical encounters another radical
or when it is rendered harmless by an antioxidant. Hy-
droxyl radical (HO•), which is produced by water hy-
drolysis, is the most reactive of all free oxygen radicals.
It can react with almost every organic molecule. In their
capacity as prooxidants, the reactive oxygen intermedi-
ates are both free radicals and non-radical molecules.
Several types of radicals are of relevance in biological
systems. (s. tab. 3.24)

HO• hydroxyl radical
RO• alkoxyl radical
1O2 singlet oxygen
O2

•� superoxide radical
HO2

• perhydroxy radical
H2O2 hydrogen peroxide
ROO• peroxyl radical
NO• nitric oxide radical
L• fatty acid alkyl radical
LO• fatty acid alkoxyl radical
LOO• fatty acid peroxyl radical

Tab. 3.24: Radicals and reactive oxygen species

16.2 Formation and importance of free radicals

Mitochondria constitute the main source with regard to
oxygen concentration in the cell. This especially applies
to the respiratory chain in the inner mitochondrial
membrane. Moreover, the additional formation of cellu-
lar oxygen takes place through the transport of electrons
in the nuclear membranes and microsomes. Eosinophilic
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granulocytes are likewise considered to be active in for-
ming oxygen radicals. Cytochrome P 450 also yields re-
active oxygen intermediates. The presence of oxygen in
virtually all cellular structures thus enables the ubiqui-
tous formation of oxygen radicals. • Exogenous sources
of free radicals include UV radiation, X-rays, tobacco
smoke, organic solvents, pesticides, etc. (s. tab. 3.24) (24,
32, 33, 40, 62)

All oxygen-reducing metabolic processes are ac-
companied by the formation of reactive oxygen inter-
mediates. As this term implies, they exhibit high reactiv-
ity. Their formation is therefore a prerequisite for a var-
iety of specific cellular metabolic processes. This applies
especially to biomolecular reactions relating to phago-
cytosis and biotransformation, the metabolism of
arachidonic acid, collagen, iron, purine, neurotransmit-
ters and histamine, the blood coagulation system,
enzymatic activities of flavoproteins, iron-sulphur pro-
teins, quinones, etc. In many reactions, 1 or 2 oxygen
atoms are inserted into the carbon skeleton of metabolic
intermediates by way of mono- or bioxygenases. This
process is catalyzed by a reductant. The catalytic en-
zyme activity of oxygenases is probably influenced by
reactive oxygen intermediates.

The view is held that the origin of life in the universe
ca. 3.5 billion years ago is attributable to the forma-
tion of radicals: amino acids and nucleotides may
have been formed from simple reduced components
of the primitive atmosphere, assuming free radicals
were generated through solar radiation (D. Harmann,
1986).

16.3 Balance between formation and inactivation

The biological necessity regarding the presence of reac-
tive oxygen intermediates to ensure the smooth course
of multiple biomolecular metabolic processes is undis-
puted. The prerequisite is, however, that the concen-
tration of both prooxidants and free radicals is kept (un-
der physiological conditions) within the required cellu-
lar “normal range” by a subtle coupling mechanism be-
tween formation and inactivation. This is accomplished
by morphologically and functionally intact biological
membranes and by a physiological inactivation system
of enzymatic and non-enzymatic mechanisms (� anti-
oxidants). These antioxidants are either formed en-
dogenously or are supplied by an exogenous route. The
antioxidative capacity is the total of all endogenous and
exogenous defence mechanisms; this process guarantees
the oxidative balance.
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Maintaining a physiological equilibrium (� concen-
tration) of cell-formed reactive oxygen intermediates
by means of highly sensitive regulation mechanisms is
a fundamental process of biomolecular homoeostasis.

16.4 Scavengers and antioxidants

Scavengers are substances which bind and eliminate free
radicals at the right moment, in the right concentration,
with high selectivity and with a stoichiometric reaction.

Antioxidants are substances which keep oxygen radicals
or “reactive oxygen intermediates” (ROI) under control
by means of subtle time- and concentration-specific in-
activation. This can be the result of enzymatic or non-
enzymatic processes. The most important antioxidants
in this respect are catalase, superoxide dismutase and
glutathione peroxidase as well as DNA repair enzymes
(such as DNA glycosylases, endonucleases and DNA
ligases) in close cooperation with p 53.

Antioxidants were already used by the Egyptians for
the preservation of corpses of high-ranking persons
(E.E. Cross et al., 1987). • The use of scavengers (e. g. 2-
mercaptoethylamine) has also been reported to pro-
long the lives of mammals by up to 30% (E.L. Schnei-

der et al., 1985).

It was not until thirty years after the copper-containing
protein erythrocuprein was discovered (T. Mann, D. Kei-

ling, 1939) that its enzymatic nature was proved. At that
time, this protein was shown to convert superoxide rad-
icals into molecular oxygen and H2O2 (J.M. McCord,
1969; I. Fridovich, 1969); it was Fridovich who coined the
term superoxide dismutase (SOD). This presumably
most important of antioxidants accelerates the conver-
sion of superoxide radicals 10,000 times more effectively
than spontaneous dismutation.

Antioxidants participate in various reaction steps in the
elimination of reactive oxygen species. Such intervention
is possible due to their varying chemical structures and
capabilities. So far, a number of different substances
have been recognized as more or less potent antioxi-
dants. (s. tab. 3.25). In addition, the following drugs may
also act as scavengers: indomethacin, acetylsalicylic acid,
penicillamine and allopurinol (which blocks the xanthine
oxidase reaction and prevents the formation of O2

� and
H2O2) as well as deferoxamine (which inhibits hydroxyl
radicals in Fenton’s reaction). Antioxidants have a syn-
ergistic effect in that they display a mutual reinforcing
action, but they cannot replace each other. Thus hydro-
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gen superoxide is eliminated by catalase and the re-
duction in organic peroxides is catalyzed by glutathione
peroxidase through reduced glutathione (� GSH). (8, 33,
47, 83, 90, 91, 93)

To ensure a physiological balance between the forma-
tion and the inactivation of free radicals � or reactive
oxygen species � numerous substrates (such as enzymes,
vitamins, provitamins, trace elements, transport pro-
teins, amino acids) must always be available in adequate
quantities and in an active form.

Endogenous antioxidants Exogenous antioxidants

catalases β-carotene
glutathione peroxidases N-acetylcysteine
glutathione reductases polyphenols
glutathione transferases sulphides
superoxide dismutases vitamin C

vitamin E
albumin flavonoids (Carduus marianus,α-lipoic acid Ginkgo biloba, Quercetin, etc.)
bilirubin
coenzyme Q10 Adjuvant substances
coeruloplasmin

manganeseglutathione
seleniumtransferrin
zincuric acid
etc.etc.

Tab. 3.25: Substrates acting as scavengers (endogenous and
exogenous antioxidants) or adjuvant substances

16.5 Pathophysiology

Depending on the metabolic status within the various
compartments of the cell, fluctuations in the concen-
tration of radicals or reactive oxygen species may occur.

Continued reduction or cessation in the formation of
oxygen radicals (especially in the area of the mitochon-
dria, nuclear membranes or microsomes) is eventually
fatal to the cell. • An uncontrolled increase in the cellu-
lar formation of superoxide dismutase (as is found in
mental disease, trisomy 21, etc.) may also entail danger-
ous disturbances in the cellular oxygen balance. • More-
over, a change in the physicochemical properties of
superoxide dismutase under pathological conditions,
which may lead to reduced enzyme activity and altered
cell compartments, is being discussed as a further influ-
encing factor.

An increase in free radicals or reactive oxygen species is
encountered in various diseases or metabolic disorders.
This may lead to changes in cell metabolism and/or en-
hanced nonspecific reactions, and even cell death.

� The augmented formation of free radicals as well as
their reduced inactivation are discussed as pathogenetic
factors, e. g. irradiation, sunburn, autoimmune diseases,
collagenoses, inflammatory (especially bacterial and vi-
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ral) processes, operations, severe traumatization, myo-
cardial ischaemia, intestinal ischaemia, colitis, haemo-
globinopathies, atherosclerosis, haemorrhagic shock,
cerebrovascular insult, Parkinson’s disease, cataracto-
genesis, retrolental fibroplasia, chemical intoxication
(e. g. CCl4, smog, paraquat, adriamycin) and carcino-
genesis � as well as the body’s process of ageing, which
is due among other things to extreme physical activity,
alcohol abuse and smoking. So-called free radical dis-
eases are directly or indirectly caused by oxidative stress.

� Moreover, the occurrence of fluorescing pigments in
the form of lipofuscin, ceroid and porphyrin (as found
in Wilson’s disease, haemochromatosis, Dubin-Johnson-
Sprinz syndrome, porphyria cutanea tarda and abuse of
analgesics � as well as pigmentation in old age) is a reli-
able sign of excessive free-radical formation in the cell.

From the biomolecular viewpoint, increased concen-
trations of radicals lead to hazardous biological reac-
tions, e. g. (1.) lipid peroxidation, (2.) oxidation of SH-
and NH2-groups in proteins, and (3.) hydroxylation of
nucleic acids with modification of DNA. • Radicals
cause oxidative changes and damage by withdrawing
electrons from other molecules. • Oxidative stress is de-
fined as an imbalance between free-radical formation and
antioxidative capacity. Oxidative stress causes oxidation
of mitochondrial NAD(P)H and produces ROS in the
mitochondria. This increases free CA�� levels in the
mitochondria and activates the serine proteases, which
can kill the cell. Direct damage to the hepatocytes by
ROS may trigger so-called inflammatory factors and
cause more cellular damage. • Low GSH levels in hepa-
tocytes render them particularly vulnerable to oxidative
stress. (18, 33, 40, 79, 97) (s. p. 401)

16.6 Lipid peroxidation

In lipid peroxidation, unsaturated fatty acids are
peroxidized in the biological membranes of cells and
their organelles. This leads to chain breaks in fatty acids
with insertion of hydrophilic groups and cis-trans-iso-
merization. Membrane-bound proteins are damaged.
Lipid radicals (L•) are transformed into unstable lipid-
peroxy radicals (L00•). • Lipid peroxidation markers in-
clude malondialdehyde and 4-hydroxynonenal. (18, 38, 79,
97) (s. figs. 2.19; 21.12)

Further sequelae to lipid peroxidation include inhibition
of membrane-bound, phospholipid-dependent sodium-
potassium ATPase and calcium ATPase with changes in
the electrolyte milieu, especially calcium overloading of
the cell with subsequent further cell damage and cell
death as well as inhibition of adenylate cyclase. This
results in loss of function in the mitochondria and
microsomes. Damage to the DNA leads to enzyme de-
fects or impaired enzyme synthesis, which triggers
further metabolic changes. This also causes a cellular
overload with calcium and subsequent activation of
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proteases, which in turn affect other enzyme systems in
such a way that indeed further radicals are produced
instead of the usual degradation products being formed.
(s. fig. 21.12)

The data currently available on the formation of rad-
icals and antioxidants have also contributed to clar-
ifying various pathophysiological relationships in the
field of hepatology. The hazardous interplay between
the increased formation of free radicals, the occur-
rence of lipid peroxidation and cell damage � in the
sense of a vicious circle � has provided a better
understanding not only of the mechanisms causing
toxic and inflammatory damage to liver cells, but also
of cell death.

17 Cellular transport processes

The functioning of a cell (hepatocytes included) de-
pends essentially on the orderly and targeted transport
of molecules. This applies equally to absorption into the
cell, intracellular transport, and discharge from the cell,
whereby individual substances may either remain unal-
tered or undergo biochemical changes. The most impor-
tant substances required by liver cells are water, electro-
lytes, trace elements, proteins, lipids, carbohydrates, bile
salts, and bilirubin. The structure of the cell membrane
and its functional capacities are key factors in these
transport processes. (5, 15, 23, 26, 30, 37, 39, 45, 49, 50, 58,
59, 67, 68, 70, 74, 102, 106) (s. p. 27) (s. fig. 2.19)

Cellular transport primarily occurs with the help of (1.)
ionic channels, (2.) carrier proteins, (3.) pumps, and (4.)
vesicles. These transport processes may be in the form
of active, passive or vesicular mechanisms.

17.1 Passive transport

Passive transport through the cell membrane rarely re-
quires any form of energy. It takes place along electro-
chemical gradients through either free or facilitated dif-
fusion.

Free diffusion: This process is the simplest form of trans-
port through the cell membrane. It is, however, only pos-
sible for small molecules (e. g. water, urea, and dissolved
gases such as oxygen, carbon dioxide, ammonia). Mole-
cules are transported from areas of high concentration
to areas of low concentration until equilibrium is
achieved. No energy is required here. This process is not
exposed to any form of competitive inhibition.

Facilitated diffusion: Large molecules (e. g. glucose, pro-
tein, organic ions) cannot diffuse across the cell mem-
brane barrier unaided. Mechanisms in the form of chan-
nels or transport proteins (� carriers) are therefore re-
quired to enable molecules to penetrate the impermeable
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membrane when entering and leaving the cell. These
mechanisms sometimes require energy and may be ex-
posed to competitive inhibition. Each of the ion chan-
nels contains a channel protein with water-filled pores
through which the molecules can diffuse. A selection fil-
ter distinguishes between the individual ions such as
Ca��, Na�, K�, and Cl�. These ion channels can alter
their permeability by opening or closing. There are also
water channels. • Transport proteins are part of the cell
membrane (ectoproteins, endoproteins, membrane-
penetrating proteins). (s. fig. 2.19) They facilitate the
substrate-specific passage through the membrane. In or-
der to carry out this function, they are activated by
physical, chemical or hormonal stimulants. However,
these carriers can also be blocked by inhibitors. If the
carrier system becomes overloaded, its transport cap-
acity is reduced and the process slows down. Individual
substances are bound to specific transport proteins
during their passage through the membrane.

Uniporter Transport of 1 substance in one
direction

Cotransporter Symporter Transport of 2�3 substances
stoichiometrically in one direc-
tion (� positive plus-coupling)

Antiporter Transport of 2�3 substances
in the opposite direction
(� negative plus-coupling)

17.2 Active transport

Active transport through the cell membrane always re-
quires energy. This is derived from splitting ATP. Trans-
port takes place against an electrochemical gradient, i. e.
in an “uphill” movement. • Primary active transport oc-
curs when ATP splitting is directly linked to the trans-
port process (as is the case with Na�/K�-ATPase). This
can involve three different ATPase groups (known as P-,
V- and F-ATPases). (58) The Na�/K�-ATPase consists
of an essential ion pump which is found in all body cells.
It acts as an antiporter. With each pump cycle 2 K� are
transferred into the cell and 3 Na� are removed. This
transport process uses up 30�70 % of the cell’s energy
capacity and is subject to competitive inhibition. It can
be activated and displays substrate specificity as well as
saturation kinetics. • Secondary active transport occurs
when ATP splitting is part of another reaction (e. g.
Na�/glucose transport in intestinal mucosa) instead of
being directly coupled with the transport process. •
Pumps ensure active transport; the proteins involved are
likewise ATPases, which split ATP hydrolytically on the
inner side of the membrane. Each pump has a separate
function, e. g. ion pumps, peptide pumps and pharma-
ceutical pumps.

17.3 Vesicular transport

Vesicular transport denotes the transport of macro-
molecules inside hepatocytes in the form of vesicles en-
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cased in a membrane. There are four forms of absorp-
tion and release: (1.) exocytosis, (2.) endocytosis, (3.)
transcytosis, and (4.) diacytosis. (19, 25)

Exocytosis: Macromolecules are transferred from cyto-
plasmic secretory vesicles to the extracellular space; for
this purpose the vesicles fuse with the cell membrane.
After its contents have been released into the extracellu-
lar space, the vesicle frees itself from the external cell
membrane and returns to the cytoplasm for the next
transport sequence (� recycling). This process requires
energy and is Ca��-dependent. Exocytosis can be trig-
gered by an external stimulus. This is then called con-
trolled exocytosis. If there is no external stimulus, it is
known as constitutive exocytosis.

Endocytosis: The term endocytosis denotes the internal-
ization (� encasing) of molecules inside vesicles. This
can take place in the form of pinocytosis (� fluid-phase
endocytosis), whereby the molecules remain in a de-
tached state with no membrane binding. It can also oc-
cur in the form of adsorptive endocytosis, whereby the
molecules are bound to membrane receptors by a ligand
and the whole complex is transported into the cell.

Transcytosis: In this process, the vesicles are moved
from one cell pole to another without their contents
changing.

Diacytosis: In this process, a part of the intact and in-
ternalized ligand receptor complex returns to the cell
surface.

These vascular transport mechanisms within the hepa-
tocytes require an intact cytoskeleton. This is because
the transport of the membrane-encased vesicle keeps
close to the cytoskeleton structures.

Motor proteins (e. g. microtubular kinesin, cytoplasmic
dynein) move the vesicles. This requires energy from
ATP. Vesicular transport also involves other cyto-
plasmic factors and is influenced by other effects (e. g.
Ca��, cAMP, C-protein kinases).
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1 Elements of liver diagnostics

In the case of a disease, the basic requirement for sys-
tematic and appropriate therapy is the diagnosis. (34)

� When translated, the Greek word “diagnosis” means “decision”,
“differentiation” or “assessment”. • A disease is identified by the
information gained from the patients themselves (� auto-anam-
nesis) or their personal environment (� external anamnesis) as well
as from diverse examination results (� findings).

The term diagnosis includes the nosological and sys-
tematic designation of a clinical picture and the sum
total of the results, which provide a basis for medical
action and therapeutic success.

The term diagnostics covers all measures aimed at
identifying the development of a disease and ultim-
ately producing a diagnosis.

A diagnosis should be rational (� in terms of intellect),
that is to say logical and targeted. At the same time,
however, the way it is arrived at must be efficient and
economical (� expedient), i.e. financially viable (cost ef-
fective for the health service) as well as acceptable in
terms of the strain it puts on the patient. • For this
reason, economical and efficient diagnostics is by defin-
ition rational.

A rational diagnostic procedure is always economical
and efficient when carried out at the hospital or in the
doctor’s surgery � even though it may be more expen-
sive in individual cases. • Economical and efficient
diagnostics must never become irrational!

These two basic requirements for rational and econom-
ical diagnostics are likewise true for detailed diagnosis
(19) � even if a detailed diagnosis understandably entails
greater reflection and higher costs. With a detailed diag-
nosis, however, particularly an early diagnosis, the thera-
peutic measures applied can be better targeted, more
appropriate and indeed more successful � and ultim-
ately less cost-intensive. (s. fig. 4.1)

� Each diagnostic step and each detailed diagnosis
presents certain difficulties in terms of methodology
and theory:
1. Emergency therapy may be urgently required prior to diagnosis.
2. Diagnostics may be limited:

a. because examination techniques are (still) insufficiently de-
veloped,

b. because of inadequate equipment for examination purposes,
c. because they are refused by the patient.

3. All too often there is, unfortunately, a tendency to apply exam-
ination techniques on a broad and cost-intensive scale, and in-
deed “irrationally”.
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� In 1979 J.E. Hardison drew up a list of arguments that
are used to explain this kind of behaviour in medical
practice, which are equally applicable today (14):
1. the excuse that “everything has been done”;
2. the excuse that if something is not done immediately, it will

never be done at all;
3. the excuse that more has to be undertaken under inpatient con-

ditions than at the doctor’s surgery;
4. the academic excuse � as if there were such a thing as an aca-

demic or a non-academic diagnosis;
5. the father-mother excuse: “If it were my father or mother, I

would do it like that”;
6. the precluding excuse: “Well, perhaps we’ll find something we

never even thought of”;
7. the legal excuse: “If we don’t carry out the examination, we

could be sued”.

Fig. 4.1: Elements of diagnostics

In his book „Funktionelle Pathologie“ (1932) (p. 392), GUSTAV VON

BERGMANN coined the term hepatopathy, since more detailed liver
diagnostics was not possible at that time:

Diffuse (and circumscribed) liver diseases commencing in mesen-
chymal and epithelial tissue (inflammatory and degenerative)

manifestly latently icteric anicteric
icteric

hepatopathy

acute, subacute cirrhoses (haematogenic, biliary)
liver atrophy as inflammatory reaction

forms, intermittent 

fatty liver 
(often glycogen deficiency)

cholangitis, cholangiolitis

1st hepatological principle

The term “hepatopathy”, coined by Gustav von Berg-

mann in 1932, and the expression “liver parenchymal
damage”, which has also been employed occasionally,
should only be used to describe the so-called “pre-
diagnostic stage” of liver disease.
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In suspected “hepatopathy”, the preliminary steps
towards reaching a diagnosis and ultimately the detailed
diagnosis, whether at the doctor’s surgery or at the hos-
pital bedside, should proceed rationally and eco-
nomically by means of step-by-step systematic exam-
ination.

The impressive, almost “99%” certainty of present-day
liver diagnostics is the outcome of the coordination of
all available examination techniques that have mean-
while been perfected � in conjunction with the further
development of sensitive and specific procedures.

1.1 Diagnostic targets

The seven main diagnostic questions (s. tab. 4.1) can be
answered in nearly all cases using four sets of examin-
ations (s. fig. 4.2) � provided all the necessary diagnos-
tic channels can be applied. By repeatedly reviewing the
activity and the function of the liver, it is possible to
make reliable statements on the course of the disease,
the success of therapy and the prognosis.

� In this context, check lists simplify and accelerate
the examination procedure. It is most important that
no key factors are forgotten and nothing is under-
taken unnecessarily. (19) (s. figs. 4.21; 5.2) • In add-
ition, a step-by-step programme subdivided into
minimum, necessary and maximum requirements (s.
tab. 5.23) together with logically constructed flow dia-
grams (s. figs. 9.4; 13.7; 16.10, 16.16; 19.12; 22.9�12)
facilitate the required rational and economical “step-
by-step diagnostics”.

2nd hepatological principle

It is not “what is done” in terms of numerous examin-
ations and chemical laboratory parameters that is de-
cisive, but the clinical interpretation of the findings
and the clinical consequences derived therefrom.

1.2 Diagnostic pillars

The target of a detailed diagnosis is generally achieved
using various and mutually complementary examin-
ation techniques. Diagnostic methods in liver disease are
founded on four diagnostic pillars, which are applied
stepwise and nearly always provide the basis for an exact
and detailed diagnosis. Complex or invasive techniques
are only used when they are clearly indicated. (19) (s.
fig. 4.2)

If the various examination procedures are inadequately
coordinated and the results improperly interpreted, it is
all too easy to obtain “false-positive” or “false-nega-
tive” results.
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1. Determining liver damage
• primary liver disease
• secondary (reactive) liver disease

2. Classifying liver disease
• diffuse • localized

3. Differential diagnosis of jaundice
• prehepatic • posthepatic
• intrahepatic

4. Determining the type and aetiology of liver disease
• hepatitis • parasitic
• cholestasis • vascular
• fibrosis • immunologic
• cirrhosis • metabolic
• focal lesions • toxic
• tumours • geneti c
• infections • etc.

5. Determining the stage of disease
• prodromal
• acute compensated
• chronic decompensated
• cure d

6. Determining the activity
• enzymatic activity
• mesenchymal activity
• immunological activity
• histological activity

7. Testing the liver function

Statements concerning

1. Course of the disease 2. Success of therapy
• regressive
• stationary 3. Prognosis
• progressive

Hepatopathy
= prediagnostic stage

Diagnosis

Detailed liver diagnosis

Tab. 4.1: Diagnostic targets and other relevant aspects in liver
diseases

Fig. 4.2: Diagnostic pillars for detailed diagnosis in liver diseases
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This is summed up in the third hepatological principle:

3rd hepatological principle

In the diagnosis and assessment of liver disease, the
clinical, laboratory and ultrasound findings must al-
ways be interpreted integratively and simultaneously,
together with the histology and any additional im-
aging procedures (insofar as these are indicated).

� A detailed diagnosis should be the ultimate aim, so
that in each case:
(1.) the cause of the liver disease is identified and per-
haps eliminated by successful therapy;
(2.) the therapeutic possibilities for the treatment of liver
disease can be applied more specifically and hence lead
to greater success;
(3.) both the effect and efficacy of therapeutic measures
can be statistically evaluated in those patients who are
clinically comparable.

The hepatological issues in question, differential diag-
nostic considerations and possible therapeutic outcome
determine the scope of the diagnostic measures under-
taken. This calls for systematization and rationalization.

1.3 Diagnostic accuracy

Even with normal bioptic histology, it is possible to de-
tect liver damage with an adequate degree of probability
by means of laboratory parameters. • By contrast, even
pathological liver biopsy findings can be accompanied
by normal laboratory values. In individual cases, this
can mean that a liver disease is “mute” under chemical
laboratory conditions, but at the same time histolog-
ically “false-normal”. Combining the clinical and
chemical laboratory findings with the results of sono-
graphy and morphology makes it possible to achieve a
hepatological diagnosis or detailed diagnosis of almost
“99%” certainty.

� The specificity and accuracy of individual laboratory parameters
used to be assessed almost solely on the basis of morphological find-
ings. • Today, exact procedures are available for hepatological de-
tailed diagnosis which provide excellent sensitivity and specificity
(especially in the fields of serology and immunology). But they have
by no means ousted the histological examination of the liver. On the
contrary, histology has gained enormously in significance, particu-
larly due to more advanced methods and a better interpretation of
results. The same is true of electron microscopic assessment of
hepatocellular organelles and biological membranes, which consti-
tute the morphological substrate for the many functions of the liver.
Hence the visionary target of “organelle pathology” and “organelle
diagnostics” has proved feasible.

In reviewing the accuracy of diagnostic procedures in
520 of our own patients with different liver diseases,
varying results (depending on the severity of the disease)
were found. (s. tab. 4.2)
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Clinical findings 30%
Laboratory parameters 81�96%
Ultrasonography 60�75%
Histology 82�95%
Laparoscopy 78�88%
Laparoscopy � histology 97%

Tab. 4.2: Accuracy of diagnostic procedures in various liver
diseases (E. Kuntz, 1987) (s. tab. 5.11)

4th hepatological principle

Up to now, no single examination method exists (be
it a clinical, laboratory chemical, morphological or
imaging procedure) which, in itself, allows a global
statement to be made regarding a particular type of
liver disease or liver dysfunction.

2 Clinical findings

At the forefront of liver diagnostics are the tried and
tested methods of anamnesis, inspection, palpation and
percussion or even auscultation. These specific medical
examinations can be regarded as a safety net in daily
routine diagnostics. Within the scope of the many exam-
inations that take place at the doctor’s surgery, these
basic medical skills help to filter out patients with “sus-
pected hepatopathy”. Ascertaining the clinical findings
is deemed to be the 1st diagnostic pillar and, as such,
constitutes the commencement of any diagnostic pro-
cedures focused on the liver. (s. fig. 4.2)

2.1 Anamnesis

The anamnesis is of particular significance for the clin-
ical findings � and is usually the first step towards
establishing a diagnosis.

Determining whether there has been any history of
hepatobiliary disease in the family and establishing the
geographic and ethnic origin of the patient are key an-
amnestic factors. • It must be ascertained whether the
disease has occurred suddenly, developed gradually, or
simply not been noticed up to now. • It is also important
to determine whether this is a primary or secondary liver
disorder (the latter is a concomitant reaction which has
occurred during a systemic illness or other organic dis-
ease). The anamnestic search for the cause of the infec-
tion in the patient takes into account viral, bacterial,
parasitic and mycotic diseases. (see chapters 22�26) (s.
tab. 4.1)

Anamnestic evidence of alcoholism or drug abuse and
also personal questions relating to sexual habits should
be handled with extreme care and sensitivity. Once one
has gained the patient’s trust, it is considerably easier to
obtain the relevant details. • It is essential to establish
whether the patient has been exposed to any foreign sub-
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stances (medicines, herbal remedies, aphrodisiacs,
chemicals). This can be done with the aid of the check
list which we have been using for many years. (s. tab.
29.7) (see chapters 29 and 30)

It is mainly “targeted” questioning which sheds light on
the possibility of liver disease.

� “Targeted” (i. e. specific) questions are most likely
to lead to the “target” :
� previous diseases of the liver or biliary tract

(colic, jaundice)?
� previous operations?
� previous blood transfusions (blood products)?
� particular eating habits?
� metabolic diseases (diabetes, gout, hyperlipid-

aemia, etc.)?
� consumption of alcohol?
� intake of medicaments?
� occupation- or hobby-related liver noxae?
� drug abuse?
� journeys abroad?
� sexual habits?
� hereditary liver diseases?

Another group of anamnestic findings is based on the
patient’s subjective complaints. However, patients suffer-
ing from liver disorders frequently fail to recognize
symptoms.

� Complaints:
• Fatigue (“pain of the liver”), decline in perform-
ance and productivity, weariness, affective lability,
nervousness, sleeping disorders, lack of concen-
tration
� such as can be witnessed in many harassed

people today as “neurasthenic syndrome”.
• Abdominal pain, repletion, flatulence, nausea,
loss of appetite, indigestion, food intolerance,
loss of weight
� such as are found in various abdominal diseases.
• Epigastric pain, nausea, vomiting, intolerance
regarding fatty foods or smoking and alcohol,
pruritus, constipation, meteorism
� such as occur in cholecystopathy.
• Stenocardia, vertigo, tachycardia, hypotonia,
circulatory disorders
� such as are found in cardiovascular diseases.
• Fever, arthralgia, myalgia, muscle cramps
� such as are often witnessed in infectious

diseases.
• Impotence, amenorrhoea, nosebleeds, bleeding
gums, tendency to haematoma, night blindness
� which can also lead to a wrong diagnostic con-

clusion.

This wide range of very different subjective ailments
makes it clear that there are no typical symptoms and
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that it is not possible to draw any conclusions on the
basis of such complaints as to the severity of the liver
disease. Here the constellation of the symptoms and fin-
dings (as well as the time when they first appeared and
their duration) can provide more information than is
available from merely one symptom or finding.

The most frequent, yet non-specific complaints mentioned
by liver patients are fatigue, languor, repletion, flatulence,
epigastric pressure, lack of appetite, nausea, various
forms of intolerance, pruritus and impotence. • Infor-
mation on dark-coloured urine, discoloured stools,
haematemesis, cutaneous haemorrhages or tarry stools
can be a very important sign of hepatobiliary disease. (s.
fig. 4.21)

2.2 Palpation

2.2.1 Palpation of the liver

“One good feel of the liver is worth any two liver func-
tion tests” (F.M. Hanger, jr., 1971).

Determining the liver size is considered to be the “sim-
plest” and “cheapest” liver function test and, chrono-
logically speaking, it is also the “first”. (s. fig. 4.3) (9, 21,
26�29, 31, 32, 35�37)

Every enlarged liver, as well as every hard liver, must
be considered pathological � until counter-evidence
is produced by laboratory values and ultrasono-
graphy and, if necessary, by means of histology or
laparoscopy.

Fig. 4.3: The contours of the liver (brown) and spleen (red) as well
as the gall bladder (green) in the right and left hypochondrium
(costae verae 1�7; costae spuriae 8�10; costae fluctuantes 11�12)
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Sliding palpation: Liver size, consistency and surface as
well as tenderness on pressure can be determined by
sliding palpation. The lower edge of the liver is percep-
tible by touch at the costal arch in the mid-clavicular
line. It crosses the epigastrium and ends at the left costal
arch on the level of the parasternal line. Under pal-
pation, the liver edge was felt to be deeper than shown
by the scan, and only in 60% of all cases did palpation
of the liver edge correlate with the scan. (32)

Bimanual ventral palpation: The finger tips of both
hands are pressed in 1�2 cm, flat and parallel to each
other below the costal arch. Upon deep inspiration, the
size of the liver can be determined by the caudal shift
of the liver margin. (s. fig. 4.4)

Fig. 4.4: Palpation of the liver: bimanual ventral palpation
(Gilbert´s technique)

Bimanual ventrodorsal palpation: The palpating right
hand presses deep into the right costal arch during the
expiratory phase and moves upwards during the inspira-
tory phase � taking the skin and tissue layers with it.
Because it moves downwards on inspiration, the liver
can be better felt by the left hand when pressing up from
behind in a ventral direction. (s. fig. 4.5)

Hepatomegaly can easily be mimicked under palpation by
phrenoptosis in lung emphysema, ptosis of the liver, as-
thenic habitus and also by an enlarged Riedel’s lobe. • It
is very difficult to state the extent of liver enlargement ex-
actly in terms of “finger breadths” below the costal arch:
when 120 “finger breadths” were compared, they were
found to range from 1.3 to 2.4 cm. (31) (see chapter 11)

Liver atrophy can be assumed when the edge of the liver
is elevated due to meteorism or in Chilaiditi syndrome.
• However, the liver may also shrink or no longer be
palpable as a result of increasing liver atrophy in acute
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Fig. 4.5: Palpation of the liver: bimanual ventrodorsal palpation
(Chauffard´s technique)

viral hepatitis or liver cirrhosis. For this reason, a dimin-
ished liver can be a more severe condition (generally
with a poorer prognosis) than an enlarged liver (e. g.
fatty liver).

During palpation, the liver surface proves to be smooth,
humped or roughly noduled. The consistency of the
liver is perceptible as soft, firm or hard. It is important
to point out that the firmer the liver, the larger it ap-
pears to the palpating hand.

In a normal liver, the liver edge feels relatively sharp
and insensitive to pain; the surface is smooth and the
consistency is soft. In liver cirrhosis, the edge of the
liver is sharp and hard; the consistency is firm. In acute
hepatitis, the edge of the liver, which tends to be
rounded, and the clearly enlarged liver are painful under
pressure. • Hepatomegaly, caused for example by a fatty
liver, displays a rounded liver edge with little or no sen-
sitivity to pressure, whereas in congestive liver, the blunt
liver edge proves to be very painful on palpation. •
There is admittedly a slight chance of confusing the
edge of the liver with tendinous inscriptions, but the lat-
ter are not displaced in relation to the skin and tissue
layers during respiration.

Pain on palpation mainly points to capsular tension as
a result of an enlarged liver (acute viral hepatitis, fatty
liver, congested liver). In general, the metastatic liver is
likewise painful. Liver abscesses may cause (frequently
severe) pain on tapping. The liver parenchyma itself is
insensitive to pain, although pain receptors are found
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sporadically in the walls of the portal and arterial ves-
sels or in interlobular connective tissue.

2.2.2 Palpation of the spleen

Palpation of the spleen should always accompany pal-
pation of the liver. It is carried out with the patient in a
semidextral recumbent position, the knees bent and the
arms lying flat at the sides of the body. Normally, the
spleen is not palpable.

Splenomegaly is perceptible by touch at the costal arch
in the inspiratory phase. This can be accomplished in
particular during ventrodorsal palpation when the phys-
ician’s right hand works from the back towards the (not
too deeply) palpating left hand. An enlarged spleen is
easily perceptible due to its “downward and inward”
movement (in contrast to the left lobe of liver). • Sensi-
tivity to pressure of the enlarged spleen points to an in-
flammation. (see chapter 11)

The following technique can also be used to detect an
enlargement of the spleen: the examining physician,
standing to the left of the patient (who is positioned as
described above), palpates with the finger tips of the left
hand below the costal arch in order to detect the en-
larged spleen during the inspiratory phase.

2.3 Percussion

2.3.1 Percussion of the liver

Percussion also enables the size of the liver to be estab-
lished; hepatic dullness (in cm) is determined by the
localization of the so-called liver-lung margin and the
lower liver edge, as measured on the right mid-clavicular
line (MCL). During this procedure, the lower lung mar-
gin is subjected to light percussion, whereas the upper
margin, i. e. lung-liver margin, is determined by heavy
percussion. This gives the superficial dullness, i. e. abso-
lute liver dullness, which is usually deemed to represent
the size of the liver. Experience shows that the rounded
top of the liver can be assumed to be about 5 cm higher
than revealed by percussion. The size of the liver seems
to be smaller with percussion than with ultrasound. De-
termining the liver size upwards is, however, of no
genuine clinical significance, since hepatomegaly de-
velops “downwards” in the area of least resistance. •
Percussible determination of the normal liver size has
produced mean values of 10�12 cm (9 ± 2 cm in
women, 11 ± 2 cm in men) (E. Hafter, 1962; J. Naftalis et
al., 1963; H.A. Kühn et al., 1979). (7, 21, 26�29, 31, 35�37)

Once the percussion technique has been mastered, the relative liver
dullness can also be more closely defined within the area of super-
ficial dullness as a zone with a resonance on percussion resembling
that of the thigh, i. e. the cranial part of the liver covered by the lung.
This is the only way of determining the true size of the liver “up-
wards”. • The size of the left lobe of liver is determined by percussion
above Traube’s space, which is narrowed in terms of percussion from
the right due to an increase in size of the left lobe of liver.
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Another way to determine the liver size, or the lower liver edge, is
by scratch auscultation: The stethoscope is placed on the epigas-
trium, i. e. above the liver; the finger tip strokes (“scratches”) the
mid-clavicular line in a cranial to caudal direction at intervals of
approx. 1 cm parallel to the presumed edge of the liver; when the
liver margin is crossed, the scratching noise in the stethoscope
fades and finally disappears. However, this technique is not
deemed to be reliable. (18, 42)

2.3.2 Percussion of the spleen

Percussion of the spleen is difficult and is carried out by
tapping gently at various points on the anterior axillary
line. The upper spleen margin lies about 10�15 cm
above the left costal arch. The absolute splenic dullness
(so-called spleen width) is about 6 to 7 cm; it lies be-
tween 9th and 11th rib. The splenic width established by
percussion corresponds to the anterior lower two thirds
of the spleen, i. e. adjacent to the thoracic wall. The
upper third of the spleen is covered by the lung. When
the spleen is subjected to percussion, variations in the
shape of the thorax, diaphragm status and intestinal
loops are evident (cf. liver percussion).

2.3.3 Ascites

Ascites can be recognized by the wide protuberance of
the abdomen with moderate bulging of the abdominal
flanks and spreading of the navel. Examination by per-
cussion produces tympanic intestinal resonance in the
upper area and typical dullness in the flanks. Small as-
cites (about 1 litre) may be determined in the knee-elbow
position, whereby dullness is detected in the lower ab-
dominal region. In this connection, the fluctuation wave
is an impressive sign: a short hard surge of the fluid
swell against the palpating hand is virtually conclusive
here. (see chapter 16)

2.3.4 Meteorism

Meteorism presents as a pointed arching of the abdo-
men at navel level. This condition is likewise associated
with tympanic resonance; however, the dullness in the
flanks is missing.

� It would be a tremendous loss if palpation and
percussion of the liver and spleen were inadequately
learned, inappropriately performed and no longer
mastered as a basic examination technique for
interpretative purposes on account of ultrasound
methods.

2.4 Inspection

“Even though you read and learn so much, your learn-
ing does not mean that you know; let your eyes be your
professors.” (Theophrastus Bombastus von Hohenheim,
known as PARACELSUS)
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Hardly any other organ of the body causes such a wide
variety of externally discernible changes to the skin and
mucosa as the diseased liver. Inspection of the body can
give diagnostic clues regarding the presence of a liver dis-
ease or special maladies of the liver. Inspection of the
liver-diseased patient can produce a number of findings
concerning the whole body and the skin as well as the mu-
cosa, nails and eyes. These signs are summarized under
the term skin stigmata in liver diseases (German: Leber-
Haut-Zeichen“; H. Kalk, 1955, 1957) (3, 16, 17, 25) (s. tab.
4.3):

1. Chvostek’s body type 15. Lacquered lips
2. Facies cirrhotica 16. Gynaecomastia
3. Parotid enlargement 17. Dupuytren’s contracture
4. Hair changes 18. Pigmentation and striae
5. Jaundice 19. Erythematous stigmata
6. Spider naevus 20. Xanthelasmas and xanthomas
7. Palmar erythema 21. Scratch marks
8. Telangiectases 22. Eye changes
9. White nails 23. Drumstick fingers

10. Muehrke’s nail lines 24. Testicular atrophy
11. Paper money skin 25. Cutaneous haemorrhages
12. White spots on the skin 26. Vein dilatation
13. Smooth red tongue 27. Foetor hepaticus
14. Liver tongue

Tab. 4.3: Skin stigmata in liver diseases (check list: s. fig. 4.21)

2.4.1 Chvostek’s body type

The habitus described by F. Chvostek (1922) is frequently
found in alcohol-related cirrhosis. In the male, it is
characterized by the absence of secondary hair on the
chest and abdomen as well as of axillary hair, and by a
horizontal, female-like boundary of the pubes and a
lengthening of the distance between xiphoid process and
navel. “Abdominal baldness” (which means effemination
with changes in the pattern of body hair) is a typical find-
ing. The incidence is given as approx. 70%. These changes
are often accompanied by thick hair-covering of the head
growing down onto the forehead, and bushy eyebrows. •
In women suffering from alcoholic cirrhosis, the pubic
and axillary hair may also be largely absent, and the
mammae may be atrophic.

2.4.2 Facies cirrhotica

Patients with liver cirrhosis often show typical facial
skin stigmata: the colour is a pallid yellowish grey,
mostly with patchy pigmentation due to the greater de-
position of melanin. Spider naevi and reticular telan-
giectases are found. The skin frequently appears shriv-
elled, wrinkled and prematurely aged.

2.4.3 Parotid enlargement

Parotid enlargement is occasionally found in cirrhotic
patients, especially in alcohol-related cirrhosis (M. Spo-

sito, 1942). An enlarged parotid is not painful. (11, 48)
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2.4.4 Hair changes

Apart from the hypotrichosis of primary and secondary
pubic hair, already described in Chvostek’s body type,
cirrhosis patients occasionally show an absence of frizz-
iness in pubic hair. • In kwashiorkor, the hair becomes
light in colour and straggly and loses its frizzy appear-
ance with simultaneous hypotrichosis.

Localized hypertrichosis is found in Chvostek’s body
type in the form of noticeably bushy eyebrows. It is also,
however, found in porphyria cutanea tarda in the area
around the zygomatic arch and lateral to the eyes, as
well as on the forearm and lower leg, mostly in the form
of short, compact hairs.

� Hypertrichosis (particularly of the lanugo type) is
also described as paraneoplastic syndrome, above all in
cases of carcinoma of the intestinal tract or the digestive
organs (Herzberg-Potjan-Gebauer syndrome, 1969).

2.4.5 Jaundice

In the case of increased serum bilirubin levels of
1.8�2.0 mg/dl, diffusion is effected through the blood
capillaries, and bilirubin accumulates in the connective
tissue, mainly in elastin. (s. p. 100) In its subsiding phase,
jaundice is therefore still visible for longer periods even
when serum bilirubin values are normal. • Initially, scle-
ral icterus develops, which is easily recognizable in day-
light when serum bilirubin values are > 2 mg/dl. This
subicterus is likewise witnessed in the conjunctiva and
occasionally on the oral mucosa at the boundary be-
tween the soft and hard palate as well as on the perium-
bilical abdominal skin. (33, 41) • In fully developed jaun-
dice, colours range from straw-coloured yellow through
bright yellow to greyish yellow as well as reddish yellow
and greenish yellow. Icteric discoloration of the skin is
frequently darker in the upper than in the lower part of
the body. (see chapter 12)

Verdin icterus is deemed to be the prototype of obstructive jaun-
dice, particularly in long-standing courses of the disease; melas
icterus displays a greyish green hue; rubin icterus (rust-coloured) is
mainly seen as a sign of hepatocellular jaundice, whereas flavine
icterus is more likely to occur in cases of haemolysis (Th. Brugsch,
1930). Such systematization of the icteric forms in terms of patho-
genesis is unreliable and obsolete, since the differences in colour
mainly correlate with the duration of the jaundice and the level of
serum bilirubin.

2.4.6 Spider naevus

The term spider naevus (Latin: naevus araneus) is also
known as liver star, liver spider, vascular spider or spider
naevi. (17, 20, 25, 30)

� These arterial telangiectases were observed in liver disease by V.
Hanot and A. Gilbert in 1890, by A. Gilbert and M. C. Herrscher

in 1903 and by F. Parkes-Weber in 1904. Such spiders were first
described in pregnant women by D. Corbet in 1914. Spiders evident
in liver disease were the focus of renewed attention in the nineteen-
thirties (J. Steinmann, 1935; N. Fiessinger, 1936; H. Eppinger, 1937).
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Fig. 4.6: Spider naevus in liver cirrhosis in the ventral side of the
left shoulder

Spider naevi consist of a central arterial vessel, about
the size of a pinhead, from which minute, steadily nar-
rowing capillaries, similar to a spider’s legs, lead off ra-
dially. A passage into the veins, however, cannot be dis-
cerned. The central artery winds its way upwards out of
the subcutis with an ampulla-like dilatation directly
under the epidermis. From the morphological point of
view, the course of the vessel can be divided into five
sections (G.A. Martini, 1964). The central arterial telan-
giectasis, often button-like and occasionally even clearly
protruding, can be seen to pulsate. Spiders occur as soli-
tary or multiple stigmata. (s. fig. 4.6) • The size of the
areola of spiders ranges from just a few millimetres up
to 2 cm, sometimes even more. When pressed with a
glass spatula, the radiating areola disappears and the
small pulsating central vessel remains visible, but also
disappears if more pressure is applied. Removing the
pressure leads to a swift filling of the central vessel and
the peripheral vascular areola. Occasionally, the spider
has a narrow white marginal rim. • The most common
sites are on the nose, forehead, zygomatic arch, neck,
throat, shoulders, chest and back as well as the extensor
sides of the arms and dorsum of the hand. Hence this
localization of the spider naevi corresponds to the area
of influence of the superior vena cava, the region of the
excitation erythema, the projection fields of the trigem-
inus core region as well as the phrenic dermatomes (C3

and C4) and the neighbouring dermatomes (C5 to C8).

It would appear that the spider naevi occur as segmental
reflexes, depending on visceral affections. This would
explain why they “blossom” and reoccur when the liver
condition deteriorates, and fade when the liver con-
dition improves. The occurrence and rapid appearance
of fresh spiders can be considered as an unfavourable
sign, such as is observed, for example, in serious virus
hepatitis or in the development of primary liver cell car-
cinoma.

Aetiopathogenesis: W. B. Bean (1942) assumed the cause of spiders
was increased oestrogen blood levels. Other aetiopathogenic fac-
tors include the activation of vasoactive ferritin, vasoactive hista-
mine or bradykinin as well as endotoxins. Consequently, the al-
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tered haemodynamics in chronic liver disease in the sense of a
hyperdynamic circulation would also affect the dermatome areas,
specified above as preferred sites. • Spider naevi are found not only
in liver disease, but also in pregnancy, collagen disorders, hyper-
thyroidism as a paraneoplastic symptom, lead poisoning, vitamin
deficiency conditions as well as following the intake of oestrogen
or similar hormone preparations.

2.4.7 Palmar/plantar erythema

Palmar erythema (erythema palmare symmetricum,
“liver palms”), frequently observed (in some 75% of
cases) in chronic liver disease, was initially described by
H.J. Chalmers in 1899. It becomes manifest as diffuse or
patchy reddening of the palms up to the start of the
wrist joint; it is particularly evident on the balls of the
small finger and thumb as well as on the finger tips and
finger joints. The affected area is clearly outlined against
the rest of the hand surface. The centre of the palm
is generally free of erythema. The hands are warm �
corresponding to the vasodilatation and increased circu-
lation. In liver patients, palmar erythema varies in its
intensity: during sporadic deterioration in the course of
the disease, it can be more pronounced, and when the
liver findings improve, it can fade. (s. fig. 4.7) • Oc-
casionally, the soles of the feet are also affected and
show plantar erythema. (16)

Fig. 4.7: Palmar erythema in liver cirrhosis

Morphology: No morphological changes of the cutis are witnessed.
The blood capillaries are irregularly distributed and of differing
length; however, they meander greatly in their path with arch-shaped
dilatation of the final loop. The blood flow is rapid and jerky.

Differential diagnosis: Palmar erythema is also found in pregnancy,
in hyperthyroidism, collagen diseases, endocarditis, long-standing
feverish conditions, tuberculosis, diabetes mellitus, malignant
tumours, chronic polyarthritis and in cases of malnutrition � as
well as in healthy people.

Aetiopathogenesis: As with spider naevi, the capillary dilatation
causing palmar erythema is attributed to an increased oestrogen
content of the blood, a rise in bile acids or endotoxins and an
activation of vasodilating substances with more numerous ar-
teriovenous shunts and a hypercirculatory syndrome. Portal hyper-
tension is seen as an important codeterminant. • The “blossom-
ing” of spider naevi and palmar erythema is also observed in the
phenomenon of haemodynamic-related resistance to diuretics.
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Incomplete spider naevi can develop within a palmar ery-
thema: they have no central artery. The combination of
these two liver skin stigmata is frequently found in de-
compensated liver cirrhosis and in highly active
chronic hepatitis.

2.4.8 Telangiectases

Apart from spider naevi, reticular telangiectases are fre-
quently witnessed, particularly in alcoholic liver disease.
They appear as tiny, bluish red vessels, in general sym-
metrically positioned on the cheeks, but also on the
nose, forehead and neck. Those parts of the skin that
are exposed to light are predominantly affected. The
arterial and venous capillary loops are dilated.

2.4.9 White nails

White nails is the term used to describe a light pink/
silvery-white enlargement of the nail lunula. (40) Ultim-
ately, the entire nail plate is coloured a diffuse lacklustre
white, except for a narrow, normal-coloured rim. The
lunula of the thumb, the colour of which resembles
frosted glass, can also spread and eventually take up the
entire nail. The nails frequently have longitudinal
grooves. Fully developed white nails actually look as
though they have been coated with mother-of-pearl nail
varnish. Usually white nails only occur after long-stand-
ing liver cirrhosis (10 to 20 years); they are hence con-
sidered to be a late sign. The cause of the whitish dis-
coloration is attributed to air bubbles in the nail due to
a disorder in the metabolism of keratin. White nails are
often combined with “paper money skin”. (3, 25, 40) (s.
fig. 4.8)

Fig. 4.8: White nails and paper money skin in liver cirrhosis

2.4.10 Muehrke’s nail lines

These are white lines running across the nail plate paral-
lel to the lunula. They were first observed by C.R.
Muehrke (1956). Instead of being contained in the actual
nail, the lines are set in the nail bed. This is thought to
be caused by severe (< 2.2 g/dl) prolonged hypalbumin-
aemia, especially in cases of cirrhosis or nephrotic syn-
drome. This finding is, however, relatively rare. (24)
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2.4.11 Paper money skin

The skin of the chronic liver patient often resembles so-
called parchment skin : it appears prematurely aged,
shrivelled, wrinkled, dry and atrophic � mostly greyish
yellow in colour. (s. figs. 4.8, 4.18; 20.1) In contrast,
partially atrophic, slightly reddened skin areas that have
the appearance of a fading exanthema can occasionally
be seen. Within these areas of the skin, there are fine,
linear telangiectases, scattered at random, resembling
delicate fibres. For this reason, the term paper money
skin was coined (W.B. Bean, 1945). These changes are
mostly found around the neck down to the chest area,
on the cheeks, behind the ears and on the surface of the
hands and fingers. Exposure to sun and wind renders
the appearance of paper money skin more pronounced.
It is frequently combined with spider naevi.

2.4.12 White spots on the skin

Liver-disease patients often display white spots on the
skin, which are the size of a lentil (sometimes as large as
0.5�1.0 cm in diameter). They can be detected chiefly in
the area of the arms, on the back and on the buttocks.
Upon cooling of the skin, white spots appear or become
more pronounced, so that a cold-related vasocontrac-
tion is assumed to be the causative factor. In the predi-
lection area of the spider naevi, the white spotting of
the skin can be deemed a preliminary stage of liver star:
within the round white spot, a central red dot is formed,
from which the typical spider naevus develops with a
white areola.

Vitiligo: Vitiligo (caused by functional failure of the
melanocytes) sometimes occurs in primary biliary cir-
rhosis or autoimmune hepatitis.

2.4.13 Smooth red tongue

A smooth red tongue, first described by H. Kalk (1955)
(16), is raspberry-coloured. It is moist and more or less
atrophic. There is no coating of the tongue, nor can
any independent capillary changes or venous stasis be
detected. The red colour is often in contrast to the yel-
lowish or greyish yellow skin colouring. The tongue
changes mainly develop parallel to the course of the cir-
rhosis: upon clinical improvement, the raspberry shade
changes into the normal reddish grey colour of the
tongue, which regains its coating. These changes of the
tongue occur relatively rapidly as the condition im-
proves or deteriorates. In cases with significant hepatic
dysfunction, the smooth red tongue generally remains
unchanged. Its cause is assumed to be metabolic cell
dysfunction or hyperergic-allergic phenomena. (15) •
There is often angular cheilosis with rhagades (perlèche,
angulus infectiosus), such as can be witnessed in vita-
min B2 deficiency, diabetes mellitus, iron deficiency, in-
fections, etc. (s. fig. 4.9)
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Fig. 4.9: Smooth red tongue with angular cheilosis in liver cirrhosis

2.4.14 Liver tongue

A so-called congested tongue or “liver tongue” (R.
Pannhorst et al., 1957) is voluminous due to the accumu-
lation of fluid and displays tooth marks at the edges. It
often has a deep median vertical groove and several
small furrows or fissures. Corresponding to its occur-
rence with (or due to) portal hypertension, it is bluish
purple in colour and its undersurface displays greatly
distended veins. (15)

2.4.15 Lacquered lips

A smooth red tongue is often combined with a peculiar
reddish colouring and smoothness of the lips, known as
lacquered lips. They are also one of the late signs of
cirrhosis, mainly with a necrotic course of the disease.

2.4.16 Gynaecomastia

In cases of gynaecomastia, the male mammary gland is
enlarged. Within the increased volume of the breast, a
firm, circumscribed and relatively well-defined tissue
mass can be felt, which is usually sensitive to pressure.
Apart from the enlargement of the mammary gland,
which causes the patient mental as well as physical dis-
tress, spontaneous and sometimes sharp pain occurs.
Occasionally, a serous or milk-like secretion is discern-
ible. Gynaecomastia can also be unilateral. It occurs
most frequently in alcoholic cirrhosis. (s. fig. 4.10)
The cause of gynaecomastia is generally attributed to inadequate
inactivation of oestrogen or decreased production of testosterone
(e.g. due to a lack of zinc in chronic alcoholism). Also of causative
significance are the increased prolactin plasma level and a greater
degree of response on the part of the mammary gland tissue. (3,
6, 8, 25, 45) • Gynaecomastia is also found as a persistent pubertal
condition and in adiposity. It is always important to exclude other
causes such as testicular tumours, hypogonadism, corticoadrenal
tumours, bronchial carcinoma, etc. • Gynaecomastia can also oc-
cur as a result of treatment with spironolactone, which is often
indicated in cirrhosis patients � however, when the medicament is
no longer taken, this finding is reversible.

2.4.17 Dupuytren’s contracture

The term Dupuytren’s contracture (F. Platter, 1614; G.
Dupuytren, 1832) denotes a hardening of the palmar fas-
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Fig. 4.10: Gynaecomastia in liver cirrhosis

cia in the connective tissue, with firm band-like connec-
tions extending as far as the periosteum and even into
the outermost skin layers. The preferred site is the distal
ulnar quadrant of the flat of the hand. Severe flexion
contractures, especially of the 4th and 5th fingers, ultim-
ately develop. (s. fig. 4.11)

Fig. 4.11: Dupuytren’s contracture in liver cirrhosis

Whereas Dupuytren’s contracture is only found in about
2% of the population, it is detectable in about 30% of all
cirrhosis patients, mainly bilaterally. Men are affected in
90% of cases and thus far more often than women. The
disease generally commences unilaterally. Men are fre-
quently affected in their younger years, whereas in
women, the disease commences later and takes a more
rapid course. There is a greater tendency towards recur-
rence of the disease after surgery than after radiological
treatment. In cirrhosis patients, contracture occurs pre-
dominantly in combination with palmar erythema.
There also seems to be a correlation between contrac-
ture and spider naevi. (2, 4, 12, 23)

At present, there are only hypothetical explanations for the cause
of the contracture and its correlation with liver cirrhosis. A genetic
factor probably plays a part, possibly also in combination with
genuine epilepsy. Its more frequent incidence in alcoholic cirrhosis
points to a disorder in collagen metabolism as a pathogenic factor.
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Evidently, the platelet-derived growth factor (PDGF) which is pro-
duced, causes the connective tissue to proliferate and contract.
PDGF stimulates the formation of prostaglandin E., which like-
wise changes the fibroblast contractility. (39)

2.4.18 Pigmentation and striae

Patients suffering from liver cirrhosis frequently display
a brownish discoloration of the skin, predominantly due
to the deposition of melanin.

In haemochromatosis, a pronounced brownish pigmen-
tation is found due to the deposition of haemosiderin
and melanin in the skin (� bronze diabetes), particularly
in the lines of the palm. (s. fig. 4.12) Other predilection
sites with distinctive slate-grey pigmentation are the ax-
illae and the inguinal or lumbar region. Occasionally, a
brownish ring-shaped discoloration is seen on the prox-
imal fraction of the nail plate.

Fig. 4.12: Pigmentation of the lines of the palm in haemochroma-
tosis (left) � in comparison with a normal hand

Wilson’s disease is occasionally accompanied by an
argyric-like discoloration of the skin (greyish brown to
bluish grey). The fingernails often display skyblue-
coloured lunulae (A.G. Bearn et al., 1958). (46)

Primary amyloidosis can cause the skin to turn reddish
brown. • In Gaucher’s disease, greyish brown pigmenta-
tion can develop, similar to chloasma uterinum. This
symmetric pigmentation sometimes extends upwards
from the foot to the knee. • In kwashiorkor, dark red
blotches are sometimes found in the inguinal and peri-
umbilical area. • In hamartoma of the liver, a greyish
brown skin pigmentation of the acanthosis nigricans type
has been described. In the axillae, the skin is thickened
and its texture has a greater consistency; it is also more
fissured. • Juvenile cirrhosis (� lupoid hepatitis) often
produces dark purple stripes on the hips, gluteal region
and thighs of the young women affected. These striae run
parallel to the tension lines of the skin. They can fade due
to skin atrophy and loss of pigmentation.

Where the skin is exposed to sunlight, porphyria cutanea
tarda displays a greyish brown, maculate or even patch-
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like area of pigmentation, resulting from the deposition
of melanin. The skin can be changed in the same way
as in sclerodermatitis. Because of the photosensitivity of
the skin, sporadic subepidermal blisters or pimples with
encrusted skin lesions are formed, as a result of which
the skin injures easily. The scars take the form of whit-
ish, irregularly circumscribed blotches. (s. fig. 4.13) Peri-
orbitally deposited melanin pigment is a typical feature.

Fig. 4.13: Back of the hand in porphyria cutanea tarda

Butterfly sign: Hypopigmentation in the form of butter-
fly-shaped areas of skin on the back, located on either
side of the spine, are sometimes seen in patients with
cholestatic jaundice. (43)

2.4.19 Inflammatory erythematous stigmata

Erythema diffusum hepaticum can be observed in
patients suffering from acute liver insufficiency. It is
manifested as diffuse plate-shaped erythema of the face,
extending up to the hair line. Occasionally, it can also
be detected in the region of the jugulum and sternum.
Minute red dots are frequently observed within the ery-
thema. These become more prominent as the erythema
fades away. Should reddish-coloured telangiectases oc-
cur in this area, the picture of paper money skin em-
erges. (s. figs. 4.8, 4.19)

Exanthemas are observed as prodromal skin symptoms
in acute viral hepatitis (5�20% of cases). They can be
manifested as urticaria, scarlatinoid or morbilliform ex-
anthemas as well as varicella and erythematous multi-
form rashes.

Acrodermatitis papulosa eruptiva infantum (Gianotti-
Crosti syndrome) can occur in children with acute viral
hepatitis B. This is a lichenoid-papuloid skin rash on
the face and limbs, which breaks out suddenly. These
skin stigmata generally take 2�8 weeks to disappear.(s.
p. 430)

2.4.20 Xanthelasmas and xanthomas

Xanthelasmas can be found at the corners of the eye or
periorbitally, above all in cases of biliary cirrhosis due
to primary biliary cholangitis (CDNC). (1) They display
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a yellow, reddish yellow to brownish yellow colouring
and are sharply circumscribed, sometimes as large as a
fingernail, sometimes arranged in stripes. They can be
flat (xanthelasma planum) or, due to cholesterol de-
posits, appear as raised bulges or tubers (xanthelasma
tuberosum). (s. fig. 4.14)

Fig. 4.14: Xanthelasmas in biliary cirrhosis as a result of primary
biliary cholangitis

Xanthomas (xanthoma tuberosum) display a straw-like
yellow through to greyish yellow hue. These are round,
well circumscribed, plaque-like raised or papuloid de-
posits in the skin, which predominantly occur on the
extensor sides of the extremities, the elbow and knee
area, the external ear, parts of the buttocks and back,
occasionally also on the hands and soles of the feet.
They can appear in cholestatic liver diseases, particu-
larly in biliary cirrhosis as a result of CDNC. Their oc-
currence depends on the lipid and cholesterol content
of the blood. (1) These changes are considered to be late
symptoms. (s. p. 235) (s. figs. 4.15, 4.16)

Fig. 4.15: Xan-
thoma on the
elbow in biliary
cirrhosis as a
result of primary
biliary cholangitis

2.4.21 Scratch marks

Fully developed pruritus is found above all in cases of
cholestasis and biliary cirrhosis due to CDNC as well as
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Fig. 4.16: Multiple xanthomas in chronic cholestasis due to con-
genital biliary tract atresia

in liver hamartomas. The cause of this often unbearable
itching is attributed to bile acids, in particular unconju-
gated chenodeoxycholic acid. The pruritus is mainly ex-
perienced on the extremities and trunk, which is also
where the effects of scratching are found in the form
of stripe-like excoriations, blood-encrusted skin lesions,
dot-like erosions, secondary papuloid dermatitis, li-
chenification and bacterial superinfected scratch
wounds. There may still be some visible signs of scarring
and pigmentation. (s. p. 235) (s. fig. 13.3)

2.4.22 Eye changes

Scleral icterus occurs from a serum bilirubin level of
1.6�1.8 mg/dl upwards. At the same time, the conjunc-
tiva is icterially discoloured. Jaundice is based on the
affinity of the elastic fibres for bilirubin.

Kayser-Fleischer corneal ring (B. Kayser, 1902; B. Fleischer,
1903) occurs in Wilson’s disease. It has also been ob-
served in alcoholic liver disease. (47) Deposits of copper
compounds form a brownish green corneal ring of 1�3
mm in width near the limbus. It can be identified at
an early stage by slit-lamp examination. (s. fig. 4.17) •
Individual radiating, greenish brown sunflower cataracts
are sporadically detectable in Wilson’s disease.

Fig. 4.17: Kayser-Fleischer corneal ring in Wilson’s disease
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Pingueculae present as wedge-shaped, yellowish deposits
on both sides of the pupilla and are observed in Gaucher’s
disease. • Retraction of the eyelid (Darlrymple’s sign) and
infrequent blinking (Stellwag’s sign), such as in hyper-
thyroidism, are also found in cirrhosis patients.

2.4.23 Drumstick fingers

Drumstick fingers can be observed in chronic liver
patients with a hepatopulmonary syndrome. (see chap-
ter 18) These changes are due to an increased blood
supply to the distal phalanges and the opening of arte-
riovenous anastomoses with relative hypoxia of the tis-
sue as well as a more extensive formation of connective
tissue between the nail and the bone. • The exaggerated
convexity found in hour-glass nails can be a preliminary
stage of drumstick fingers. Occasionally, a combined oc-
currence of finger clubbing and white nails can be ob-
served (� hypertrophic osteoarthropathy). (s. fig. 4.18)
(s. p. 336)

Fig. 4.18: Drumstick fingers and hour-glass nails in liver cirrhosis
(and moderate paper money skin: s. figs. 4.5; 20.1)

2.4.24 Testicular atrophy

Considerable endocrine disorders may be present at
times in cirrhosis patients. Progressive testicular atrophy
with impotence and eunuchoidism (hypogonadism,
“abdominal baldness”, Chvostek’s habitus) can occur.
Fully developed testicular atrophy appears regularly in
haemochromatosis.

2.4.25 Cutaneous and mucosal haemorrhages

Cutaneous and mucosal haemorrhages can occur in
both liver insufficiency and liver cirrhosis. They appear
as petechiae (pinpoint-sized capillary haemorrhagic
foci), purpurae (small maculae) (s. fig. 20.2) or vibices
(streak-like markings) as well as more extensive ec-
chymoses (circumscribed haemorrhagic foci >3 mm in
size) and suggillations (areas of coin-sized haemorrhagic
foci) (s. figs. 4.19; 20.1) or as suffusions (confluent haem-
orrhagic foci, generally without sharp circumscription).
The haemorrhages are spontaneous or occur as a result
of skin punctures or traumatism. Causative factors in-
clude greater fragility of the vessels, defective anchoring
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of the smallest subcutaneous vessels, increased hydro-
static pressure when standing, and coagulaopathy.

Fig. 4.19: Cutaneous haemorrhages (confluent and streak-like) on
the lower part and wrist of the left arm in a patient with cirrhosis

2.4.26 Vein dilatation

Clearly recognizable veins in the chest and abdominal
area in approx. 40% of cases are a visible sign of portal
hypertension with collateral veins. (s. fig. 4.20)

Fig. 4.20: Vein dilatation and tortuosity in the abdominal wall of
a cirrhotic patient suffering from ascites and jaundice
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Caput Medusae: Excessive forms of vein dilatation can
develop in the abdominal skin, such as vein convolutions
or Medusa’s head (M. A. Severino, 1632); the latter is also
known as Cruveilhier’s sign (J. Cruveilhier, 1829). It de-
velops in portal hypertension, with the result that after
the obstructed umbilical vein has been reopened, col-
laterals are formed over the paraumbilical veins (so-
called Sappey’s veins). Subsequently, visible venectasiae
radiate out from the navel, like the snakes on the head
of the gorgon Medusa. • A similar venectasia can also
be seen in the area of the epigastric and superficial tho-
racic veins (Cruveilhier-von Baumgarten syndrome). (s.
fig. 7.4) • Caput Medusae is also formed as a result of
a persistent and malformed umbilical vein with hypo-
plasia as well as in thrombosis of the intrahepatic
branches of the portal vein. It even occurs in children
and juveniles (Cruveilhier-von Baumgarten disease).
With caput Medusae, the umbilical vein remains open
or is reopened, or the paraumbilical veins are dilated
without change in the blood pressure. • Thus a prehep-
atic block (portal vein or splenic vein thrombosis) can
never cause a caput Medusae because it never affects
the umbilical vein. (s. p. 256) (s. fig. 14.13)

2.4.27 Hepatic foetor

There can be a pronounced increase in methionine and
its derivatives in acute liver failure or in serious cases of
cirrhosis. From these substances, mercaptans are formed
in the colon (e. g. methandiol, ethandiol, dimethyldisul-
phide). The cause of the sweetish aromatic smell of the
expiratory air (“fresh-raw liver”) known as hepatic
foetor (F. Umber, 1926; L. Schiff, 1946) is deemed to be
volatile dimethylsulphide. (38) Its concentration does not
correlate with the degree of encephalopathy or hepatic
insufficiency, but with the intensity of the portosystemic
shunts. Trimethylamine is also suspected of being a
causative factor. (22) (s. pp 267, 379)

2.5 Auscultation

Although auscultation of the abdomen is less import-
ant, this method of examination should be performed
in certain diagnostic situations. Vascular sounds can oc-
cur in the form of arterial bruit or venous hum.

1. Arterial bruit: A systolic rushing sound synchronized
with the heart beat indicates increased arterial blood
flow. This often barely audible sound is easier to discern
if one listens for arterial bruit and feels the patient’s
pulse at the same time. • It is sometimes heard where
aneurysm or stenosis is present in large arteries (e. g.
coeliac artery, hepatic artery) as well as in arteriovenous
malformations, highly vascularized liver tumours, pro-
nounced acute alcohol hepatitis, 1�2 days after liver
biopsy resulting from temporary arteriovenous fistula,
or in twisted arteries in cirrhosis. It is seldom found in
healthy persons. (10, 13, 44)
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2. Venous hum: Laennec (1819) was the first to describe
the sound which one could hear coming from the veins
of patients with cirrhosis. In France this sound phenom-
enon was termed “bruit de diable” (Bouillaud, 1835). The
German term “Nonnensausen” is believed to have been
introduced by von Mering (1901) in his textbook on in-
ternal medicine. It is derived from the noise made by a
children’s humming-top and is therefore best translated
as “humming-top murmur”. • Pronounced portal collat-
eral circulation may cause a constant rushing sound due
to increased blood flow. This hum mainly occurs be-
tween the navel and xiphoid. It is heard frequently and
distinctly in Cruveilhier-von Baumgarten syndrome as
well as in venous convolutions on the surface of the
abdomen and in the centre of the (extremely rare) caput
Medusae. The noise increases when the patient inhales
or is in a standing position. (5)

3. Friction rub: A respiratory friction sound above the
liver is an indication of perihepatitis. This inflammation
of the liver occurs in tumours, liver abscesses or bacter-
ial perihepatitis (e. g. Fitz-Hugh-Curtis syndrome) and, in
rare cases, temporarily after a liver biopsy. • Perisplenic
rubbing is occasionally discernible after splenic infarc-
tion. When pressure is applied to the stethoscope, the
rubbing sound increases.

3 Liver check list

A liver check list provides a swift and clear method of
ensuring that all important clinical findings can be
“ticked off” in the patient’s file. This list comprises the
10 most important subjective ailments, the 12 most im-
portant liver skin stigmata and the 9 most important
clinical findings. One glance is enough to review the total
findings of the liver patient; moreover, documentation
itself involves a minimum of time and effort. Over the
years, such a check list has proved its value in numerous
practitioners’ surgeries and outpatient departments. It
ensures that nothing is “forgotten” or “overlooked” and
(particularly during the first check-up) enables a very
simple, yet extensive, documentation of hepatologic
findings to be drawn up. (s. fig. 4.21 on the next page!)
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Liver check list of clinical findings Name Date

Anamnesis Skin stigmata in liver diseases Clinical findings
The 10 most important complaints The 12 most important skin stigmata The 9 most important clinical findings

� � �� � � �� � � ��

1. Fatigue 1. Jaundice 1. Liver palpation

2. Weariness 2. Spider naevi 2. Dark urine

3. Repletion 3. Palmar erythema 3. Acholic stools

4. Flatulence 4. Smooth red tongue 4. Bleeding

5. Inappetence 5. Lacquered lips 5. Hepatic foetor

6. Nausea 6. Gynaecomastia 6. Testicular atrophy

7. Intolerances 7. Paper money skin 7. Splenic palpation

8. Itching 8. White nails 8. Oedemas, ascites

9. Impotence 9. Chvostek’s habitus 9. Handwriting test (signature)

10. Upper abdominal 10. Dupuytren’s
pressure contracture

11. Scratch marks

12. Haemorrhages

Fig. 4.21: Liver
check list of clinical
findings (1st dia-
gnostic pillar, s. fig.
4.2) with the 10
most important
subjective com-
plaints, the 12 most
important skin stig-
mata in liver dis-
eases, and the 9
most important
clinical findings
(19) (s. fig. 5.2)
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1 Four epochs of laboratory
liver diagnostics

First epoch

� In the 2 volumes of the classical textbook of hepatology by
F. Th. Frerichs „Klinik der Leberkrankheiten“ (“Clinical aspects
of liver diseases”; 1858, 1861), there is no mention of laboratory
diagnostics. (s. figs. 1.19, 1.20) • According to our knowledge,
laboratory diagnostics was first presented in 1923 by G. Lepehne

in his book „Die Leberfunktionsprüfungen, ihre Ergebnisse und
ihre Methodik“ (“Liver function tests, their results and
methods”). This monograph initiated the 1st epoch of biochemical
liver diagnostics. The laboratory field was again addressed by H.
Eppinger in 1937 in his textbook „Die Leberkrankheiten“ (“Liver
diseases”) consisting of 52 pages; enzyme tests, however, were not
mentioned. (s. fig. 5.1)

Fig. 5.1: H. Eppinger (1879�1946): „Die Leberkrankheiten“
(“Liver diseases”), publisher J. Springer, Wien, 1937, 801 pages
(private property) (s. fig. 1.19)

Second epoch

� The introduction of alkaline phosphatase (1933), cholinester-
ase (1938), aldolase (1954), transaminases (1955), γ-GT (1961)
and GDH (1962) into liver diagnostics marked the onset of the
2nd epoch, the era of enzymochemistry. • The resulting under-
standing with regard to the biochemistry of the liver appeared
so fascinating to the hepatologists of that time that enzyme
diagnostics was classified as “biochemical biopsy” (F. Wroblew-

ski et al., 1956). • In his monograph „Leberfunktionsproben“
(“Liver function tests”), H. Schaefer (1951) listed 171 liver tests,
including alkaline phosphatase and cholinesterase. An up-to-
date presentation of biochemical diagnostics was given by I.
Magyar (1961) in his textbook „Erkrankungen der Leber und
der Gallenwege“ (“Diseases of the liver and biliary tract”). Up
to that time, ca. 200 “liver tests” were known.
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Third epoch

� The discovery of the Australian antigen by B. S. Blumberg et
al. (1965) using serological techniques can be considered as the
onset of the 3rd epoch of laboratory liver diagnostics. With the
advent of modern techniques in serology and immunology, liver
diagnostics has improved tremendously.

Fourth epoch

� The fourth epoch of liver research is based on biomolecular
and microstructural methods. This 4th epoch may some day
become known as biomolecular hepatology. (s. p. 12!)

2 Difficulties of laboratory liver
diagnostics

In order to evaluate the results of biochemical tests
within a hepatological context in an adequate manner,
one has to be aware of some fundamental issues :
(1.) Owing to the liver’s large functional reserve capacity
as well as to its outstanding regenerative ability, mor-
phological damage may evade biochemical detection,
i. e. the damage may remain “biochemically silent”.
(2.) A great number of liver tests are nonspecific, and
their results are pathological in other diseases as well. It
is therefore necessary to consider the specificity, sensi-
tivity and clinical validity of the respective tests when
setting up the diagnostic procedure.
(3.) In a variety of liver diseases, it often happens that
only certain partial functions or cellular structures are
impaired; this impairment can differ widely in intensity
and extent in the individual patient. Therefore, when
applying only a few biochemical tests, pathological
changes may well be overlooked. For the detection of
hepatocellular damage or disorders of hepatic functions,
a variety of examination methods will have to be em-
ployed in order to provide a comprehensive assessment
derived from the various single findings.
(4.) With increasing duration of liver or biliary tract dis-
eases, but also with the simultaneous appearance of
complications, biochemical findings become more and
more ambiguous and misleading.

In order to give due consideration to these facts and
reduce the uncertainties of liver diagnostics, a large
number of function tests with a multitude of modifi-
cations were developed. However, the application of
such “batteries of tests” or “liver test arrays” as well as
“shotgun investigations” did not only result in unneces-
sary discomfort for patients and staff alike, but also in
the uneconomical use of laboratory testing. Further-
more, these tests failed to improve liver diagnostics.
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3 Prerequisites for correct
laboratory findings

We usually assume that laboratory findings are correct.
However, we tend to overlook the wide range of factors
which might influence the measured value considerably.
• Therefore, it is absolutely essential to ensure the re-
liability of laboratory findings.

During (1.) sample collection, (2.) sample transport,
(3.) sample preparation, and (4.) sample processing (in-
cluding storage), laboratory findings may be exposed to
a multitude of influencing factors, thus allowing serious
mistakes to occur. (1)

In order to obtain accurate laboratory values, three
steps are necessary, each requiring continuous moni-
toring and control: (1.) preanalytical phase, (2.)
analysis, and (3.) analytical assessment.

3.1 Preanalytical phase

The most frequent mistakes leading to an incorrect la-
boratory value occur during the preanalytical phase �
since there is no “quality management” at this point, as
there is in the later phase of analysis and analytical as-
sessment.

Influencing factors: Factors affecting haemanalysis values are as
follows:
(1.) Food intake: An empty stomach strictly means no consump-

tion of food or alcohol (and preferably of nicotine as well)
10�12 hours prior to blood collection. (1)

(2.) Time of day: The most favourable time to take the blood
sample is between 7 and 9 o’clock in the morning. (8)

(3.) Body position: The blood sample should be taken when the
patient is in a sitting or lying position � following a 10-minute
resting period. (1)

(4.) Physical activity: No previous physical strain.
(5.) Drugs: Medication must be reported to the laboratory; it

should only be administered after the blood sample is taken.
(6.) Further possible influencing factors: Body weight, temperature,

circadian rhythms, climate and altitude as well as various
diagnostic examinations. (1, 2, 7, 8)

Blood sample collection: It is important to take the blood sample
under standardized conditions (1, 3, 7):
(1.) Venous stasis with 40�50 (max. 60) mm Hg.
(2.) No pumping of the fist.
(3.) If possible, syringe with needle No. 1 � downward insertion

of the needle at an angle of approximately 30°.
(4.) Gentle aspiration, blood collection at a slow and constant

rate; if the blood flow stops, syringe should be slightly rotated.
(5.) Stasis of the vein should not exceed 2 to 3 minutes.
(6.) Respective instructions regarding the collection of different

types of samples (serum, plasma, citrated and EDTA blood)
have to be observed.

(7.) After removing the needle, do not bend the arm but elevate it �
this will empty the vein and avoid bleeding as well as pre-
venting haematoma.

Haemolysis: Haemolysis has a negative influence on the reliability
of certain laboratory values, such as an elevation of LDH, GOT,
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GPT and potassium as well as a decline of alkaline phosphatase,
γ-GT and bilirubin. (6) Haemolysis has to be avoided in all cases.
In artificially induced haemolysis, haptoglobin is normal; however,
in intravasal haemolysis, it is reduced or hardly detectable. • Colour
reactions such as bilirubinaemia, hyperlipidaemia and discolor-
ation of serum by medication or i.v. diagnostic substances can also
distort laboratory values. (1, 4)

Specimen identification: The sample must not be dis-
patched until it has been labelled correctly and the
appropriate form for specimen identification has been
enclosed. Mistakes made during identification (mis-
matching of names or samples) can be the source of
considerable misjudgements or delays and may also
cause grave errors with possible legal consequences.

Specimen transport: The sample must reach the la-
boratory in the shortest time possible and the mode
of transport should not alter laboratory findings in
any way. Precise regulations have therefore been es-
tablished for transportation. When mailing samples,
the results may alter within the course of 2 days by
as much as 10%. (1, 7)

Specimen stability: The stability of a sample is of relevance for the
preanalytical phase as well as for phases 2 and 3 (analysis and
analytical assessment), which are performed exclusively in the la-
boratory. (5) As a rule, when stored in a refrigerator (4°C) in
closed containers, only a minor loss of serum enzyme activity is to
be expected after 3�5 days, which will increase slightly at room
temperature (20�25°C). (s. tab. 5.1) • The substrates necessary for
biochemical liver diagnostics generally remain stable for several
days under identical conditions (exception: ammonia with a max-
imum of 2 hours). (s. tab. 5.1)

Loss of enzyme activity 4 °C 20�25°C

Alkaline phosphatase 0% (10%)
Cholinesterase 0% ( 0%)
GDH 5% (15%)
GOT 8% (12%)
GPT 10% (17%)
γ-GT 0% ( 0%)
LAP 0% ( 0%)
LDH 8% ( 2%)

Stability of substrates 4 °C 20�25 °C

Ammonia (in hours!) 2 (�)
Autoimmune antibodies 14 ( 5)
Cholesterol 6 ( 6)
Copper 14 (14)
Electrophoresis 6 ( 6)
Hepatitis serology 14 ( 5)
Immunoglobulins 7 ( 3)
Iron 7 ( 4)
Neutral fats 3 (�)
Potassium 14 (14)
Protein 6 ( 6)
Sodium 14 (14)

Tab. 5.1: Loss of enzyme activity (in %); stability of substrates (in
days) during storage of serum in a refrigerator (4 °C) and at room
temperature (20�25 °C)

Scope of duties: The following tasks are a mandatory
part of the preanalytical phase; they require strict obser-
vation in order to obtain reliable laboratory values:
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1. Adequate preparation of the patient
2. Standardized collection of the blood sample
3. Knowledge of influencing factors
4. Correct labelling (sample � accompanying form)
5. Transportation of the sample
6. Storage of the sample

3.2 Analytical phase and assessment

During the phase of analysis (phase 2), substrates are
determined using reliable (standardized) methods. Dur-
ing the phase of analytical assessment (phase 3), the per-
formance (� reliability) of the methods is assessed. •
Criteria for reliability are (1.) precision, (2.) accuracy,
(3.) specificity and sensitivity, and (4.) upper and lower
limits of detection. In addition, (5.) the plausibility of a
finding is also assessed. • Standard values for quality
control demonstrate the degree of seriousness of having
wrong findings and simultaneously limit the respective
maximum error value. In clinical chemistry, precision (�
exactness of measured values or congruence of repeated
measurements) and accuracy (� deviation from nominal
values) are imperative. Measuring values for the various
biochemical parameters are specified at different levels.

4 Selection criteria for liver tests
� After the introduction of modern biochemical techniques (such
as enzyme diagnostics, serology and immunology) into hepatology,
only a few of the numerous liver function tests have prevailed.
Hepatic diagnostics has been “streamlined” and completely re-
developed. Only the determination of bilirubin, serum iron and
urinary bile pigments has remained from the first epoch.

Assessment scale: At this point, it is necessary to make
use of a selection of biochemical tests in order to obtain
a reliable, differentiated and also economical liver diag-
nostic schedule. (9�11) • Such tests should complement
one another in their diagnostic informativeness, but at the
same time they should overlap as little as possible. • For
the selection of biochemical tests in liver diagnostics,
various criteria are applied as an assessment scale. (s.
tab. 5.2)

I. 1. Specificity II. 1. Costs involved
2. Sensitivity 2. Practicability
3. Clinical reliability 3. Inconvenience to the patient

4. Influencing factors

Tab. 5.2: Selection criteria used as an assessment scale for bio-
chemical hepatic tests

Morphological lesions: Hepatocytes and biliary capil-
laries respond to damage with structural disorders of
their membranes and organelles. Electron microscopic
differentiation of these lesions may yield additional diag-
nostic possibilities (“pathology of organelles”). (14) • De-
pending on the nature and intensity of the damage as well

92

as the duration of exposure, morphological lesions appear
in various forms and also in combination:

• inflammatory • proliferative
• necrotizing • accumulative
• degenerative • fibrogenic

These forms of morphological damage lead to the ap-
pearance of certain biochemical disorders of varying
intensity and in several combinations. (s. tab. 5.3)

1. Disorders of hepatocellular integrity
� GPT (ALT), GOT (AST), GDH, LDH, γ-GT
� Iron
� Zinc
� Vitamin B12

2. Excretory disorders
� Bilirubin
� Bile pigments (in urine)
� Bile acids
� AP, LAP, 5�-NU, γ-GT
� Copper
� Cholesterol
� Indocyanine green test (ICG)
� Bengal rose test

3. Disorders of synthesis capacity
� Cholinesterase (ChE)
� Clotting factors
� Antithrombin III (AT III)
� Albumin
� LP-X, LCAT, lipoprotein
� α1-foetoprotein (AFP)
� Transport proteins
� Glycoproteins
� Binding and carrier proteins

4. Disorders of metabolic performance
� Ammonia
� Galactose test (GEC)
� Free phenols (in serum and urine)

5. Disorders of biotransformation
� Bilirubin glucuronization
� Aminopyrine 14C breath test
� Caffeine elimination test (CET)
� 4-Methylumbelliferone test

6. Disorders of hepatic blood perfusion
� Indocyanine green test (ICG)

7. Elevation of mesenchymal reactions
� γ-globulins
� Immunoglobulins A, G, M
� Copper
� Procollagen-III-peptide (P-III-P)

8. Changes in serology and immunology
� Virus serology
� Autoantibody
� Tumour marker
� Lymphocyte transformation
� Leucocyte migration

Tab. 5.3: Most common biochemical reactions and dysfunctions
of the liver together with related laboratory parameters

Liver-function tests: There is no single biochemical
method which provides a global statement on the hepatic
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function itself. (s. p. 107) Here the term liver-function tests
should be limited to those tests which make possible the
assessment of a specific liver function! • Thus the elevation
of indicator enzymes (GPT, GOT, GDH), which point to
a disorder of hepatocellular integrity, cannot be desig-
nated as a test of liver function any more than, for ex-
ample, the elevation of alkaline phosphatase can be de-
scribed as an indicator of biliary diseases. • With these
liver-function tests, only a small number of the various hep-
atic functions are recorded. The common (endogenous and
exogenous) function tests can, in general, merely indicate a
disorder of a certain partial hepatic function.

5th hepatological principle
Rational and reliable liver diagnostics requires the sim-
ultaneous application of certain liver tests for ascer-
taining important parameters of cellular integrity and
essential liver functions. In some cases, they have to be
complemented by further specific tests.

Liver check list: On the basis of their biochemical or
biomolecular classification, essential laboratory results
are systematically classed in 5 groups in a liver check
list. (13) (s. fig. 5.2) (see also fig. 4.21!)

Graduated programme: This check list facilitates a
rational and step-by-step diagnosis as well as a detailed
biochemical classification and interpretation of findings.
Depending on the diagnostic issue, only single specific
parameters are applied and possibly complemented
“stepwise” in the form of a graduated programme (�
algorithm). (12, 13) (s. tab. 5.23)

Check list of biochemical findings Name Date

Hepatocellular damage Cholestasis Hepatic function Mesenchymal activity Immunology

� � �� � � �� � � �� � � �� � � ��

GPT alkaline indirect γ-globulin HA antibody
phosphatase bilirubin HBs antigen

GOT LAP cholin- HBs antibody
esterase HBc antibody

GDH γ-GT Quick’s IgA HBe antigen
value HBe antibody

γ-GT 5�-nucleo- albumin IgG (AB) HBV DNA
tidase HCV antibody

LDH bile acids bile acids IgM (AB) HDV antibody

HEV antibody

GDH fibrinogen ANA

AMA

direct ammonia copper SMA
bilirubin SLA

iron/ferritin cholesterol indocyanine procollagen- LKM
green test III-peptide ANCA

zinc copper galactose α1-foetoprotein

Fig. 5.2: List of essential biochemical findings and the respective “hepatic diagnostic evaluation” (2nd diagnostic pillar; s. fig. 4.2) according
to their principal biochemical or biomolecular classification (s. fig. 4.21) (s. tab. 5.23)
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� Both the decline in enzyme activity and the change
in measured values of substrates are comparatively
low during storage in a refrigerator. (s. tab. 5.1) The
patient’s serum should therefore be stored for 3�4
days in order to determine the additional values re-
quired (“step-by-step”) without inconvenience and
loss of time to the patient, without additional de-
mands on the staff and without extra material costs.

5 Assessment of hepatocellular
integrity

5.1 Enzyme diagnostics
Enzymes: As high-molecular proteins, enzymes are essential com-
ponents of cellular ultrastructures. Enzymes are synthesized on de-
mand, following the same mechanism as other proteins. Within the
human organism, more than 1,000 enzymes are known, although
only 50 have been utilized for diagnostic purposes so far. • As
biocatalysts, enzymes facilitate biochemical processes in a specific
direction and at an appropriate pace without undergoing modifi-
cations themselves. Due to their protein structure, they possess a
high substrate specificity, thereby allowing a multitude of simul-
taneous metabolic processes to take place. In order to be effective,
some enzymes rely on cofactors, prosthetic groups or coenzymes.
The nomenclature of enzymes is derived from the reaction they
catalyze, or their specific substrate, by adding the suffix
“-ase”. Historic denotations for enzymes also exist.

According to international standards, they are divided into 6 major
categories: (1.) oxidoreductases, (2.) transferases, (3.) hydrolases,
(4.) lyases, (5.) isomerases, and (6.) ligases. Each enzyme is
characterized by an EC number (� Enzyme Commission), which
is further subdivided by means of points. (s. tab. 5.4)
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1. Glutamic pyruvic transaminase GPT 2.6.1.2 ���
(� Alanine aminotransferase) ALT

2. Glutamic oxaloacetic GOT 2.6.1.1 �
transaminase
(� Aspartate aminotransferase) AST

3. Glutamate dehydrogenase GDH 1.4.1.3 ��
4. Gamma-glutamyl transferase γ-GT 2.3.2.2 ��
5. Lactate dehydrogenase LDH 1.1.1.27 �
6. Cholinesterase ChE 3.1.1.8 ���
7. Phosphohexoisomerase PHI 5.3.1.9 �

1. Alkaline phosphatase AP 3.1.3.1 ���
2. Leucine arylamidase LAP 3.4.11.1 ��

(� Leucine aminopeptidase)
3. Gamma glutamyl transferase γ-GT 2.3.2.2 ��
4. 5�-Nucleotidase 5�-NU 3.1.3.5 ��

Tab. 5.4: Seven essential hepatocellular and four biliary diagnostic
enzymes together with their respective terminology, abbreviations,
EC code and specificity (� � ���)

Hepatobiliary enzymes: Each organ possesses a typical
quantitative and, to some extent, qualitative distri-
bution of enzymes resulting in a cellular profile of en-
zymes, which is termed the enzyme pattern. Thus within
the hepatocytes and the biliary ducts, the liver also pos-
sesses a characteristic distribution of enzymes with
gradually varying specificity. This specificity of essential
hepatobiliary enzymes is of importance for the diagnosis
of hepatobiliary diseases. (26) (s. tab. 5.4)

� The (ubiquitous) enzyme phosphohexoisomerase (PHI) is also
found within hepatocytes. Elevated activity is observed in malig-
nancies, and thus this enzyme can be used to monitor the course
and therapy of these diseases. Particularly in metastasizing liver
cell carcinoma, PHI exhibits the most reliable elevation of
enzymes, as compared to GOT and GPT (84%: 50%: 30%) (M. K.
Schwartz, 1973). • Although both (mitochondrial) ornithine carba-
moyltransferase (OCT) and (cytoplasmic) sorbitol dehydrogenase
(SDH) possess a high hepatocellular specificity, they play no part
in diagnostics. Likewise, the assessment of isocitrate dehydrogenase
(ICDH) as a marker of centroacinar necrosis (17), aldolase (ALD)
and alcohol dehydrogenase (ADH) is unnecessary during the
course of enzyme diagnostics in hepatobiliary diseases.

Classification: The classification of the hepatobiliary en-
zymes essential for enzyme diagnostics is based on their
characteristic nature � i. e. excretory, secretory and indi-
cator enzymes. (s. tab. 5.5) They are located predom-
inantly within the liver cells and the biliary ducts as
well as within the hepatic lobules. The speed of enzyme
elimination does not depend on the blood enzyme levels,
but follows an exponential curve. This allows the com-
putation of the half-life of enzymes within the plasma,
which is not influenced either by gender or age and is a
typical enzyme characteristic. The velocity of enzyme
elimination is largely constant. (s. tab. 5.5) However, in
chronic diseases of the liver, it is known, for example,
that GPT is usually eliminated faster than GOT despite
its longer half-life.

Normal levels: Under normal conditions and during
physiological “moulting”, hepatocytes leak minor
quantities of enzymes, which are detectable in the
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Indicator enzymes GPT, GOT, GDH, LDH
Secretory enzymes ChE
Excretory enzymes AP, LAP, γ-GT, 5�-NU

Unilocular
Cytoplasm GPT, LDH
Mitochondria GDH
Endoplasmic reticulum γ-GT, ChE

Bilocular
Cytoplasm cGOT (20%)
Mitochondria mGOT (80%)

Periportal (zone 1) GPT, LDH, AP
Pericentral (zone 3) GDH, ADH
Zones 1�3 GOT

half-life in hours half-life in days
LDH5 10 ± 2 γ-GT 3�4
GOT 13 ± 1 AP 3�7
GDH 16 ± 2 ChE < 10
GPT 47 ± 10 LAP < 10

Tab. 5.5: Schematic differentiation of hepatocellular enzymes
according to their type and preferred localization within the liver
cell or the liver lobule as well as their half-life

serum as “normal values”. Due to inflow (� enzyme
secretion from the liver cell) and outflow (� enzyme
elimination), these values are kept largely constant
within a normal range.

Elevation of enzyme values: The liver contains approx. 400
U GPT/g protein and 500 U GOT/g protein. In increased
permeability of or damage to the liver cell membrane �
referred to as low-grade disorders of cellular integrity �
cytoplasmic enzymes (GPT, GOT, γ-GT, LDH) enter the
plasma. Only during cellular necrosis � resulting in the
destruction of mitochondria and the endoplasmic retic-
ulum � do localized enzymes (GDH, γ-GT, GOT) enter
the bloodstream. These enzymes then become elevated to
levels which are considered to be pathological. One gram
of liver tissue contains approx. 171 million hepatocytes.
(s. p. 21) Damage to the cellular membranes of only 1 gram
of liver parenchyma (with a normal wet weight of the liver
of ca. 1,500 g) results in an increase in the serum enzyme
activity of GPT to pathological levels. With corresponding
liver cell necrosis, GOT and GDH respond in the same
fashion with a measurable increase in activity. If the liver
loses only 1/1000 of its cell enzymes, there is a rise in the re-
spective enzyme activity in the serum by a factor of 2. The
enzyme content in the hepatocytes can be up to 10,000
times higher than in the serum. Hence there is a genuine
correlation between the nature and intensity of hepato-
cellular damage and the increase in activity of free cyto-
plasmic as well as bound mitochondrial enzymes.

Enzyme distortion: A shift in the normal enzyme pattern
is termed enzyme distortion. It is possible to derive vari-
ous kinds of information from the prevailing enzyme
pattern:
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1. The less distorted the enzyme pattern within the
serum, the more profound is the underlying necrotic
hepatocellular damage, i. e. the enzyme profile within
the serum corresponds to that within the hepatocytes:
LDL > GOT > GPT > GDH.
2. The more distorted the enzyme pattern, the more
chronic is the course of the disease.
3. The severity and type of cell damage (inflamma-
tory or necrotizing) are determined by the relation
between enzymes localized in the cytoplasm and the
mitochondria.
4. The level of enzyme values supplies information on
the extent of the hepatic parenchymal damage.
5. The relative half-life of enzymes is indicative of the
duration of the disease (acute, chronic).
6. The relation between cholinesterase and indicator
enzymes gives insight into the stage of a chronic
liver disease.

The cell-integrity enzymes GPT (ALT), GOT (AST)
and GLDH cannot be regarded as liver-function tests
(LFT) because they are not markers of a specific liver
function. (s. p. 107) Therefore the term “LFT” is a
misnomer and should not be used for these enzymes!

Enzyme ratios: In hepatocellular damage, the serum
GPT value generally exceeds the GOT value, the so-
called inflammatory type. Only during cellular necrosis
with associated destruction of mitochondria does the
GOT activity exceed that of GPT, because the mito-
chondrial portion of GOT then leaks into the serum.
This constitutes the basis for the DeRitis ratio (F. DeRitis

et al., 1956). The course of disease is more severe (i. e.
more necrotic) and the respective prognosis more ser-
ious if the GOT/GPT ratio exceeds 1, the so-called necro-
tizing type. In chronic active hepatitis C, a value of > 1
correlates closely with the extent of fibrosis and the
development of cirrhosis. (33) This ratio may be >2 in
alcoholic or malignant liver diseases and it may be >4
in fulminant hepatitis. • In hepatological diagnostics,
further ratios can be applied as additional parameters.
(s. tabs. 5.6, 5.7)

Transaminases: The transaminases catalyze the revers-
ible transformation of α-ketoacids into amino acids.
Most frequently, the 2 transaminases GPT (� glutamic
pyruvic transaminase) (or ALT � alamine transaminase)
and GOT (� glutamic oxaloacetic transaminase) (or
AST � aspartate transaminase) are used for enzyme
diagnostics (F. DeRitis et al., 1955; F. Wroblewski et al., 1955).
(s. tab. 5.4) While GOT is distributed evenly, the GPT
concentration continuously decreases from periportal to
pericentral in the acinus. These are considered to be the
basic parameters in the diagnosis and follow-up of
hepatocellular disease. If the cause of elevated trans-
aminases remains unclear, the indication for liver biopsy
is given. (28, 30, 31, 34)
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� Generally, the elevation of transaminases is a reliable
marker of hepatocellular damage. (19�21, 23, 24, 28, 32, 34)

GOT/GPT ratio (� DeRitis ratio)
1. Inflammatory type GOT < GPT � <1
2. Necrotizing type GOT > GPT � >1

� in severe alcoholic or
malignant liver disease GOT > GPT � >2

γ-GT/GOT ratio
1. Acute viral hepatitis � <1
2. Toxic hepatitis � <2

Chronic persistent hepatitis
3. Chronic hepatitis � 2�3

Acute alcoholic hepatitis
Cirrhosis

4. Alcoholic cirrhosis � 3�6
Acute obstructive jaundice

5. Biliary cirrhosis � >6
Chronic obstructive jaundice

6. Liver carcinoma � >12
Liver metastases

(GPT �GOT)/GDH ratio
1. Severe toxic/inflammatory damage � <10

of perivenous parenchyma
2. Hepatic metastases � <10
3. Obstructive jaundice � <20

Necrotic episode in acute hepatitis
Acute intoxication, liver carcinoma

4. Biliary cirrhosis � 20�30
5. Acute episode in chronic hepatitis � 30�40

or in liver cirrhosis
6. Cholestasis � 30�50
7. Acute viral hepatitis � >50

Acute alcoholic hepatitis

Tab. 5.6: Enzyme ratios (using optimized tests) as additional
“cheap” and “fast” enzyme parameters of differential diagnosis of
liver diseases (13, 18, 33)

LDH/GOT ratio
1. Haemolytic jaundice � � 12
2. Hepatocellular jaundice � � 12

GPT/GDH ratio
1. Obstructive jaundice � � 10
2. Hepatocellular jaundice � � 10

Tab. 5.7: Enzyme ratios as additional support for the differential
diagnosis of hyperbilirubinaemia

Extrahepatic causes of increased transaminases include:
(1.) cardiac infarction, (2.) severe tachycardia, (3.) mus-
cular diseases, (4.) pulmonary embolism, (5.) hypo-/
hyperthyreosis, (6.) coeliac disease, (7.) heatstroke, (8.)
hyperthermia, (9.) excessive physical exercise, (10.) long-
term fasting, (11.) above-average protein intake, (12.)
haemolysis, (13.) postprandial and (14.) long-term
venous stasis.

Macroenzymes are characterized by a high molecular weight and
therefore have a delayed clearance. For this reason, they cause
false-positive increases of certain liver cell enzymes. Type 1 macro-
enzymes result from the formation of antigen-antibody complexes,
using GPT, GOT, γGT and AP. Type 2 macroenzymes, result from
oligomerization, using γGT, AP, LAP and 5�-NU.
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In unresolved elevation of the transaminases (pos-
sibly also of other hepatobiliary enzymes), percu-
taneous liver biopsy will supply a normal result in up
to 10% of cases. (20) This “histological normality” is,
however, not necessarily representative of the entire
liver! (s. p. 160) (s. figs. 7.8; 8.3) Any histological find-
ings should be limited exclusively to the individual
biopsy punch. Consequently, the localized findings ob-
tained by the pathologist should not be automatically
related by the hepatologist to the liver as a whole.

5.1.1 GPT (ALT)

GPT possesses a sensitivity of 83%, with a specificity of
84% relating to nonhepatic diseases and 97.8% relating
to healthy subjects. • According to our own investiga-
tions, elevation of GPT as a “screening enzyme” was
demonstrated in 81% of 520 patients with very different
liver diseases. (13) (s. tabs. 4.2; 5.11)

� Elevated GPT is the most sensitive indicator of hepato-
cellular damage. An exclusive rise in GPT is, as a rule, of
hepatocellular origin.

However, it is not possible to detect the cause of hepato-
cellular damage, nor to differentiate primary liver disease
from a secondary hepatic reaction (e. g. in various in-
flammatory processes). Moreover, the chronicity of a
liver disease, or its respective stage, cannot be determined
by virtue of elevated GPT values. • Serum GPT may also
be increased due to obesity, extreme physical strain, per-
sisting tachycardia, hyperthyroidism, long-term fasting,
excessive protein intake and blood collection. Slightly ele-
vated GPT values may occur in the second trimester of
pregnancy. (15) In the absence of clinical findings, a con-
tinuous elevation of GPT (and also of GOT) is found with
the appearance of macroenzyme-1 immune complexes.

Determination of GPT has proved to be a reliable
marker for the follow-up of a precisely diagnosed in-
flammatory liver disease and the so-called asymptom-
atic HBsAg-carrier state as well as for the screening of
blood donors. In extensive hepatocellular damage, the
elevation of GPT is accompanied by a corresponding
increase in the GOT value.

� False-normal GPT values are often found � despite
the presence of liver damage � in: (1.) haemochroma-
tosis, (2.) ileo-jejunal bypass, (3.) marked (e. g. alcohol-
induced) deficiency of pyridoxal phosphate (B6), (4.) se-
vere loss of liver parenchyma, and (5.) during the ter-
minal stages of liver disease with exhaustion and/or
blockage of hepatocellular enzyme synthesis caused by
toxins. (31) • In “healthy” persons, slightly elevated GPT
values were detected in 0.5% of cases.

Normal GPT value (37 °C)

Women 10�34 U/l
Men 10�45 U/l
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5.1.2 GOT (AST)

The diagnostic sensitivity of GOT (71%) is significantly
lower than that of GPT. This is understandable, since it
is only the cytoplasmic portion of the GOT (20%) which
will enter the blood if the liver cell membrane is dam-
aged � a factor which arithmetically also reduces the
sensitivity. The isolated elevation of GOT is not to be
expected in liver diseases � except for false-normal
GPT due to B6 deficiency. GOT is mainly present in the
heart and skeletal muscles, but is also found in the kid-
ney, brain, pancreas and lung. Diseases of these organs
are accompanied by respective increases in GOT. An
elevation of GOT values may also occur as a result of
haemolysis, strenuous physical exercise and prolonged
venostasis during blood collection. Distinctly elevated
levels were found in hypoxic hepatitis. (22, 35) As a rule,
pregnancy shows a normal GOT value. (15) In hepa-
tology, the main purpose of determining GOT is to
complement GPT values. Beyond this, the GOT value
can be applied for the determination of enzyme ratios as
an additional parameter in the differential diagnosis of
liver diseases. (s. tabs. 5.6, 5.7).

� Determination of mitochondrial GOT (mGOT � 80%) is re-
commended as an additional laboratory parameter for the de-
tection of persistent alcohol abuse, particularly in those cases
where GDH measurements are inconclusive. Mitochondrial
GOT (mGOT) serves as a fatty acid-binding protein (FABP).
This might help to explain the increased uptake of fatty acids
in hepatocytes due to alcohol abuse.

� The decline in transaminases to “normal” levels � with a
continued deterioration of the active liver disease � and some-
times even to (extremely) subnormal concentrations is a fatal
sign. Excessive enzyme deprivation, with a simultaneous
marked reduction in cholinesterase activity, is commonly re-
garded as a final sign of laboratory chemistry, indicating the im-
minent death of the liver-diseased patient.

Any determination of elevated transaminases requires
remeasurement after 14 days (or earlier) because:

(1.) after normalization, there will be no further conse-
quences (e. g. the condition was caused by a secondary
hepatic reaction to an infection),
(2.) a marked increase is indicative of the development
of acute viral hepatitis or progressive intoxication, both
of which have to be clarified,
(3.) a persistent elevation requires further diagnostic
steps for final differentiation of the active liver disease.
(20, 28, 30, 32, 34, 101)

Normal GOT value (37 °C)

Women 10�31 U/l
Men 10�35 U/l

5.1.3 Glutamate dehydrogenase (GDH)

GDH effects the oxidative deamination of glutamate.
Extensive GDH activity is found only in the liver � it
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is very low in the heart, kidney, brain, lung, and skeletal
muscles. In hepatocytes, it is present as a mitochondrial
enzyme. Therefore, it only enters the blood after exten-
sive cellular damage with subsequent destruction of the
mitochondria. Centrolobular (zone 3) GDH activity is
1.8 times higher than that found in the periphery of the
liver lobule. This region represents the final stretch of
the sinusoidal supply pathway. Hepatocytes located at
this site are therefore particularly prone to hypoxia and
toxins. (16) This results in a more pronounced elevation
of GDH with a respective decline in the GPT � GOT/
GDH ratio. (27) (s. tab. 5.6) • GDH is unsuitable as a
“screening enzyme” since the respective sensitivity is
only 47%. In combination with GPT and GOT, it can,
however, yield the most reliable assessment of hepato-
cyte integrity.

A marked elevation of GDH is found in stages of exten-
sive alcohol-induced steatosis, in primary biliary cirrho-
sis, during the development of liver cell carcinoma due
to cirrhosis (with an increase in activity comparable to
that of γ-GT and AP), in benign obstructive jaundice
(with a decline in elevated GDH and transaminase
values after approx. one week even though there is sim-
ultaneous persistence of cholestasis enzymes) as well as
in acute incomplete obstructive biliary flow. Regression
of acute viral hepatitis or progression of a chronic in-
flammatory liver disease is indicated more reliably by
GDH than by transaminases. • During acute cholestasis,
possibly with loss of gallstones through the bile duct,
GDH is markedly elevated. This clear rise in GDH is a
reliable parameter for diagnosing biliary-induced colic
on the right side, because kidney stones can now be
ruled out. (13) • Extremely high GDH values (up to 1,000
U/l and higher) are found in severe toxic liver cell necro-
sis (as induced by halothane, amanita phalloides, etc.),
during acute right heart failure, severe respiratory insuf-
ficiency, circulatory failure, immunological rejection af-
ter liver transplantation, and abrupt impairment of the
hepatic circulation. (16)

Normal GDH value (37 °C)

Women < 5 U/l
Men < 7 U/l

5.1.4 Lactate dehydrogenase (LDH)

LDH is a cytoplasmic enzyme which catalyzes the oxidation of
lactate into pyruvate. It consists of 5 isoenzymes. As a ubiquitous
enzyme and constituent of almost all tissues, LDH enters the
blood circulation even in minor cell and tissue damage. The iso-
enzymes LDH4 and LDH5 are predominantly located in the liver,
cardiac muscle and malignant tissues. After severe damage of the
liver parenchyma, these isoenzymes may become elevated. The
half-life of LDH5 is very short (10 �2 hours).

A marked elevation of total serum LDH is most obvious
in liver metastases and obstructive jaundice. This ex-
plains why a considerable increase in LDH activity, in
particular that of isoenzymes 4 and 5, can be detected
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in malignant ascites. An increase in LDH (in the ab-
sence of haemolysis) and low transaminase activity are
reliable markers of hepatitis mononucleosa: this is due
to virocytes secreting large quantities of LDH into the
serum. • For the differential diagnosis of haemolytic and
hepatocellular jaundice, the LDH/GOT ratio is helpful
as an additional parameter. (s. tab. 5.7)

Normal LDH value (37 °C)

Women <247 U/l Men <248 U/l

5.1.5 Gamma-glutamyl transferase (γ-GT)

Gamma-GT is found in the liver, bile ducts, kidney, pan-
creas, epididymis, heart, lung, small intestine, bone mar-
row, salivary glands, thymus, spleen, and brain. The kid-
ney has the highest specific activity of γ-GT, with a con-
centration 25 times greater than that of the liver. The
heterogeneity of γ-GT was described in 1965 (F. Kokot

et al.). Eleven isoenzymes are known today. (27)

Gamma-GT catalyzes the transfer of the glutamyl residues of
various peptides. It is the key enzyme of the glutamate cycle,
and it is also active in the regulation of glutathione metab-
olism. • Due to a strong enrichment in the endothelial cells
and pericytes of the cerebral capillaries, γ-GT seems to exert an
important protective and detoxifying function at the blood-brain
barrier (e.g. metabolization of foreign substances via the mer-
capturic acid pathway).

There is no γ-GT activity in muscle, bone and erythro-
cytes. Despite high γ-GT activity in kidneys, nephro-
pathies do not result in γ-GT elevations. During preg-
nancy, γ-GT activity is normal or the serum values may
show a declining tendency from the second trimester
onwards. • In the liver, γ-GT is found in the membranes
of hepatocytes and bile duct epithelia. The periphery of
the liver lobule has the highest γ-GT activity. Gamma-
GT passes from the liver into the bile and is then excreted
partly by the kidneys in the urine. (s. tabs. 5.4, 5.5)

Elevation of γ-GT was introduced into liver diagnostics
by E. Szczeklik et al. in 1961. Elevated values can be
attributed to two causes : (1.) enhanced de-novo synthesis
and (2.) damage to the liver cell membrane. • The en-
hanced de-novo synthesis occurs as a result of an induc-
tion of the biotransformation enzyme system by foreign,
pharmaceutical or chemical substances as well as by
cholestasis or bile acids. Three-fold (or higher) rises can-
not as a rule be attributed to a sole induction. • Enhanced
de-novo synthesis can also be triggered by augmented cel-
lular regeneration, which leads to an increase in the activ-
ity of a foetal form of γ-GT. Thus elevated γ-GT can often
still be detected during the phase of restoration after
acute viral hepatitis even if other indicator enzymes have
already returned to normal levels. The higher γ-GT level
therefore does not only hint at persisting cellular damage,
but is likewise indicative of the stage of regeneration and
thus also of the (histologically) prevailing posthepatitic
“vulnerable” phase. Likewise, enhanced regeneration
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after cirrhosis can be accompanied by elevated γ-GT. (13,
25, 27, 28, 36)

� Enhancement of the γ-GT activity � without an
associated increase in GPT � can usually be ex-
plained as enhanced induction or cellular regeneration.
In both of these cases, this can be seen as a “physio-
logical” process of adaptation in order to fulfil a more
demanding task. (s. p. 55)

Even minor hepatocellular damage results in the release
of membrane-bound γ-GT in connection with simul-
taneous leakage of GPT (the low concentration of the
associated GOT portion is not yet detectable at this
point). Gamma-GT is known to be a sensitive indicator
of hepatocellular damage. Normal γ-GT excludes a liver
disease in 90�95% of cases.

In hepatobiliary diseases, the sensitivity and specificity of
γ-GT is 95%, since γ-GT is also located in cholangiocytes.
In individuals with a healthy liver, the specificity is 74%,
in overall healthy individuals it is 95%. • In cholestasis,
the sensitivity of γ-GT is six times that of AP and nine
times that of LAP. • Obstruction of bile flow can be the
cause of isolated γ-GT elevation in fatty liver.

Alcohol-induced liver damage elevates γ-GT. The level
of elevation depends on various endogenous (including
genetic) and exogenous factors. Alcohol induction, such
as can be measured by elevated γ-GT, only occurs after
prolonged regular alcohol abuse and disappears only
after rigorous abstinence for several weeks. Yet, γ-GT is
not alcohol-specific. Some 20�30% of alcoholic pa-
tients even have normal γ-GT values.

� It is factually wrong and not justifiable to base the
assessment of persistent alcohol abuse (particularly
in cases involving legal decisions, e. g. drinking and
driving) solely upon elevated γ-GT levels. • The “pos-
sibility” of an alcohol-induced γ-GT elevation has to
be made “probable” in each individual case by apply-
ing further laboratory tests, by means of psycho-
logical testing and by ensuring that all other causes
of γ-GT elevation have been ruled out.

Elevation of γ-GT is found in cholestasis, liver cirrhosis,
viral hepatitis, fatty liver, porphyria, toxic liver damage,
pancreatitis and pancreatic cancer, myocardial infarc-
tion, nephrotic syndrome, diabetes mellitus, right heart
failure, obesity, nicotine abuse, and brain tumours.
There is a good correlation of γ-GT with CEA in colon
cancer, involving a metastatic spread to the liver � an
increase in γ-GT in neoplastic disease is likewise sup-
portive of the diagnosis of hepatic metastases.

A permanent rise in γ-GT due to liver cirrhosis suggests
primary liver cell carcinoma. The sensitivity of iso-
enzyme II was very high at 90%; this parameter there-
fore proved to be more reliable for diagnosis and follow-
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up than AP isoenzyme-1, α1-foetoprotein or α1-anti-
trypsin. Isoenzyme-2 of gamma-GT is reported to be
the best marker during the early stages of primary liver
cell carcinoma. (36)

A decline in γ-GT to subnormal levels can be observed
during oestrogen administration and from the second
trimester of pregnancy onwards (15) as well as with ex-
cessive consumption of coffee. • In haemolysis, false-low
values may be found.

Normal values of γ-GT may be the result of “cellular moulting” or
due to regular but still individually differing inductions within the
biotransformation process caused by toxins. (s. p. 55) Similarly,
normal values of γ-GT in women may be brought about by hor-
monal action (e.g. decline in enzymatic activity through oestro-
gens).

Normal γ-GT value (37 °C)

Women <40 U/l
Men <60 U/l

5.2 Iron and ferritin
Hepatocytes are involved in iron metabolism in two ways: they
are the site of transferrin synthesis, and they represent the most
important site in the storage of iron in the form of ferritin or
haemosiderin. Hence the level of iron in the serum depends on the
ability of the hepatocyte to store iron and to synthesize transferrin.
(see chapters 3.11 and 31.17)

The first observation of hypersideraemia in an icteric liver disease
was made by A. Warburg and H. A. Krebs (1927). In 1939 G. Hem-

meler used the determination of serum iron to differentiate hepato-
cellular jaundice from obstructive jaundice, because the latter regu-
larly reveals a normal iron value.

Structural hepatocellular damage causes iron to leave
the cell and subsequently results in an increase in serum
iron. After diffuse liver damage has worn off, the ele-
vated serum iron level takes a relatively long time to
return to normal. This leads to the conclusion that
hepatocellular damage is terminated (detectable in the
return of enzymatic activities to normal) before the
hepatocyte regains the ability to store iron.

The range of variation in iron values primarily depends on age,
gender and nutrition. In addition, there are distinct circadian
variations: in the evening, the iron value is lower than in the morn-
ing. Day-to-day changes are also evident (varying RES activity?).
• Considerable interference factors are possible during the collec-
tion of a blood sample: (1.) for the determination of iron, an iron-
free needle has to be employed, (2.) any excessive venous stasis
results in elevated iron values, (3.) contamination can also be
caused by ferrous syringes, and (4.) haemolysis has to be avoided.

Ferritin shows a direct and quantitative correlation to the
iron stored in the RES. It therefore represents a useful in-
dicator of the total concentration of stored iron in the or-
ganism. The liver is the organ with the highest ferritin
concentration. Thus ferritin levels below 15 µg/l are al-
ways an indicator of depletion of the iron depot � with or
without associated anaemia. Ferritin is equally important
for monitoring therapeutic measures concerning the res-
toration or reduction of the iron depot. The iron value de-
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creases in severe liver diseases as well as in neoplasms, and
there is no longer a correlation with the iron stored,
whereas serum ferritin levels start to increase. (29) • For
the differentiation of primary (idiopathic) haemo-
chromatosis from the more frequent secondary haemo-
siderosis, the deferoxamine test has proved to be reliable.

Method: After emptying the bladder, deferoxamine (one vial of
500 mg) is injected (i. m.) and urine is collected for exactly 6
hours with subsequent determination of iron excretion. Iron
levels of >4 mg are considered to be characteristic of primary
haemochromatosis, while iron levels of < 2 mg are either re-
garded as normal or caused by secondary haemosiderosis. •
This test can also be executed as follows: 10 mg/kg BW deferox-
amine (i. m.) with urine collection for 24 hours, whereby haemo-
chromatosis value is > 10 mg iron and normal value is <2 mg.

Elevated iron, which usually corresponds to increased
ferritin, is found primarily in idiopathic haemochroma-
tosis and secondarily in acute viral hepatitis, liver cell
necrosis and necrotic episodes, alcoholic liver diseases,
porphyria cutanea tarda, oestrogen administration, etc.

Reduced iron is found in infections or chronic inflam-
mations, in neoplasms as a distributive disorder (i. e. shift
of the serum iron pool to the macrophages), or as iron
deficiency (i. e. due to reduced iron intake or a decline
in transferrin synthesis). Iron deficiency can also appear
during liver cirrhosis due to occult bleeding.

Normal iron value
Women 23�165 µg/dl
Men 40�168 µg/dl

Normal ferritin value
Women 9�140 µg/l
Men 18�360 µg/l

Normal transferrin value
Women 190�440 mg/dl
Men 220�500 mg/dl

Iron-transferrin saturation
16�45%

5.3 Zinc

Zinc is an important trace element. Zinc deficiency or a
disorder of zinc distribution plays an increasingly im-
portant role in hepatology: hypoproteinaemia, reduc-
tion in the urea synthesis or disturbance of cell-me-
diated immunity may be the result. (s. p. 50) (s. tab. 3.15)

The first description of zinc deficiency in a patient with
alcoholic cirrhosis (B. L. Vallée et al., 1956) has meanwhile
been confirmed by numerous investigations. In cases
where zincuria is initially elevated and subsequently re-
duced, the decreased zinc levels may be used for diagnosis
and at the same time indicate therapeutic substitution.

Normal zinc value

Serum 0.6�1.2 mg/l
Urine 0.15�0.8 mg/24 hr
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6 Disorders of excretion

Within a certain degree of hepatocellular damage, liver
cell functions remain completely or widely intact; at least,
no impaired partial functions are yet detectable under
clinical conditions. As liver damage progresses, however,
numerous cellular functions become increasingly affec-
ted, so that clinically relevant disorders become evident.
Thus impairment of the hepatic excretory capacity can be
taken as a criterion of parenchymal damage.

� There are basically two metabolic functions which are
affected by disorders of excretion, both of which take
place predominantly in the smooth endoplasmic retic-
ulum:
(1.) Endogenous clearance excretes physiological meta-
bolites in a timely manner and in quantitatively appro-
priate proportions (e. g. bilirubin, enzymes, bile pig-
ments, bile acids).
(2.) Exogenous clearance eliminates ingested substances
within a certain period of time and in a certain quantity
(e. g. foreign substances used in diagnostics).

6.1 Bilirubin

Under normal conditions, 250�300 mg bilirubin are
produced per day. Primary, albumin-bound, unconju-
gated and therefore water-insoluble bilirubin is conju-
gated in the liver to become water-soluble; it can now
be eliminated by the kidneys. (s. p. 33)

The differentiation between indirect bilirubin (� pri-
mary, albumin-bound, water-insoluble/fat-soluble form)
and direct bilirubin (� secondary, conjugated, water-sol-
uble/fat-insoluble form) using diazobenzolsulfonic acid
was introduced by A.A. Hijmans van den Bergh (1918). Dir-
ect bilirubin can be detected “directly” by way of di-
azotization, while indirect serum bilirubin can only be
determined after extraction with alcohol or in the pres-
ence of an accelerator (caffeine, sodium acetate) by way
of the diazo reaction. (s. p. 34) • Direct bilirubin consists
of two fractions: bilirubin monoglucuronide and biliru-
bin diglucuronide. Besides these water-soluble bilirubin
fractions, serum also contains delta bilirubin as a third
water-soluble form (half-life is 18 days). Thus together
with indirect bilirubin, total bilirubin consists of 4 frac-
tions. The serum level for indirect bilirubin is computed
from the difference between total and direct bilirubin.
In fact, there is no direct bilirubin, but a normal level
of < 0.3 mg/dl is “faked” when using conventional
methods of detection. The excretory capacity of the liver
regarding bilirubin is twice the physiologically required
level. This is why the serum bilirubin level is only seen
to be elevated after substantial disturbance of excretory
hepatic functions (e. g. bilirubinuria is recognized earlier
than bilirubinaemia). • In men, the concentration of to-
tal bilirubin may be slightly higher than in women, with
a normal age-related peak between the ages of 20 and
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25. The concentration of bilirubin is not influenced by
pregnancy.

A false-pathological elevation of the bilirubin concen-
tration can be induced by fasting (> 24 hrs.), intense
muscular activity, haemolysis and certain drugs (e. g.
antibiotics, propranolol, methyldopa and oestrogen).

A false-pathological decrease of the bilirubin concen-
tration can be induced by the displacement of bilirubin
from albumin-binding sites due to pharmaceutical sub-
stances or xenobiotics. This leads to an increased mi-
gration of bilirubin into the tissue, causing the bilirubin
concentration to decline. A decrease in the serum biliru-
bin value is also found in pregnancy. (15) Intensive ex-
posure to sunlight similarly reduces the serum bilirubin
concentration (up to 30% loss).

� Hyperbilirubinaemia is a clinical symptom. Scleral
icterus becomes evident if bilirubin exceeds 1.6�1.8 mg/
dl, while clinical icterus is diagnosed at levels of > 2.5
mg/dl. (s. p. 80) Congenital (hereditary) hyperbilirubin-
aemias are primary disorders of bilirubin metabolism.
Hyperbilirubinaemias are divided into pre-, intra- and
posthepatic jaundice. • The diagnostic sensitivity and
specificity of hyperbilirubinaemia for the detection of a
liver disease is low. The prognostic value is equally low
with certain exceptions, e. g. alcoholic hepatitis, primary
biliary cirrhosis or mechanical obstruction of bile ducts.
• Prehepatic (haemolytic) jaundice can be differentiated
from hepatic jaundice using the LDH/GOT ratio in
addition to other parameters. • Differential diagnosis of
posthepatic (mechanical) and intrahepatic (hepatocel-
lular) jaundice is facilitated by the GPT/GDH ratio. (s.
tab. 5.7) • Mechanical jaundice is demonstrated in most
cases either by a value of less than 20 in the
GPT�GOT/GDH ratio or by a value of more than 6 in
the γ-GT/GOT ratio. (s. tab. 5.6) (see chapter 12)

Normal bilirubin value

Total bilirubin <1.1 mg/dl <18.8 µmol/l
Indirect bilirubin 0.3�1.0 mg/dl 5.0�17.0 µmol/l

6.2 Bile pigments in the urine

The various bile pigments urobilinogen, urobilin and stercobilin
(along with related polymers) are produced in the intestine.
They are excreted predominantly in the faeces, while a minor
portion (10�15%) is reabsorbed into the enterohepatic circu-
lation by hepatocytes. Minor quantities of bile pigments (<2%)
enter the main bloodstream to be excreted as water-soluble sub-
stances via the kidneys in the urine (1.0�3.5 mg/day). (s. p. 36)
(s. fig. 5.3)

Under normal conditions, bilirubin is not detectable in
the urine. Bilirubinuria may occur in hepatobiliary dis-
eases, with bilirubin regularly appearing in its conju-
gated (water-soluble) form. Bilirubinuria may be iden-
tified prior to the detection of icterus. Jaundice without
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parallel bilirubinuria suggests unconjugated hyperbili-
rubinaemia.

The determination of urobilinogen based on the alde-
hyde reaction (which is non-specific for urobilinogen)
was established by P. Ehrlich (1901). Excretion of uro-
bilinogen in the urine is influenced by a number of fac-
tors. Since urobilinogenuria only occurs in relatively
serious disorders of the hepatobiliary system, it is only
of minor diagnostic relevance. • A lack of urobilinogen in
the urine in the presence of jaundice points to complete
obstructive jaundice. Even after total cessation of bile
production due to severe liver disease or destruction of
the intestinal flora, urobilinogen may also be absent. (s.
fig. 5.3) (s. tab. 5.8)

Fig. 5.3: Enterohepatic circulation and excretion of bile pigments

Bilirubinuria
1. Hepatocellular damage with increased membrane

permeability
2. Disorder of bilirubin excretion
3. Intrahepatic bile obstruction
4. Extrahepatic obstructive jaundice

Prehepatic urobilinogenuria
� severely overstrained functional hepatic capacity

1. Significant elevation of bilirubin production
(haemolysis, etc.)

2. Significant increase in intestinal urobilinogen production
(ileus, enterocolitis, etc.)

Hepatic urobilinogenuria
� severely limited functional hepatic capacity

1. Severe liver disease
2. Collateral hepatic circulation (cirrhosis, portal vein

thrombosis, occlusion of hepatic vein, etc.)

Tab. 5.8: Causes of bilirubinuria and urobilinogenuria

Urine test strips: Commercially available urine test strips
can reliably detect urobilinogenuria and bilirubinuria.
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When performed as a routine screening test, the urine
may occasionally reveal a positive reaction. Bilirubinuria
and/or urobilinogenuria are attributable to various
causes. (s. tab. 5.8)

6.3 Bile acids

The liver is the sole organ for the synthesis, conjugation,
transport, excretion and reabsorption of bile acids.
Therefore, bile acids assume a key role as a test of
endogenous hepatic function, since they may suggest (1.)
hepatocellular damage, (2.) excretory disorder of the
liver, (3.) decrease in synthesis capacity, and (4.) exist-
ence of portosystemic shunts. The determination of bile
acids can therefore be utilized as a test of endogenous
hepatic function for the diagnosis and follow-up of liver
diseases. Elevated values are accepted as a sensitive and
early sign of cholestasis and thus constitute a precise
liver-specific parameter. (37, 40, 83) (see chapters 3.5 and
13)

� Previous difficulties concerning the method of determination
were overcome through the introduction of a reliable enzymatic
dye test, with a specificity for 3-α-hydroxy groups and a precision
of �5�8%. There is no age-or gender-dependent range of vari-
ation. Half-life is 2�3 days.

The sensitivity of values determined 2 hours after food
consumption seems to be higher than that after fasting.
The fasting value is, however, preferred for the sake of
reproducibility. In liver diseases, the postprandial in-
crease in serum values can be several times higher than
after fasting. In healthy individuals, however, fasting
values are only exceeded by 50�70%. The elevation of
bile acids in the serum is reflected by an increase in
their excretion in the urine (normal < 8 µmol/day). The
elevated level of bile acids returns to normal at a rela-
tively slow pace.

The specificity of bile acid determination in liver dis-
eases is high, particularly in those with a cholestatic
component. The sensitivity has been determined as 89%.
Congruence with liver histology was found to be 83%
after fasting and 96% in postprandial patients. The se-
quence for diagnostic accuracy was determined as: bile
acids (fasting) > ICG test > GPT > AP > bilirubin.

Normal bile acid value

Total bile acids
� fasting 1.0�6.0 µmol/l
� postprandial (2 hrs) 6.0�9.0 µmol/l

6.4 Enzymatic markers of cholestasis

The term “enzymatic markers of cholestasis” (or chole-
stasis-indicating enzymes) comprises alkaline phospha-
tase, leucine aminopeptidase (or leucine arylamidase) as
well as 5�-nucleotidase and γ-glutamyl transferase. (see
chapter 13)
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6.4.1 Alkaline phosphatase (AP)

Alkaline phosphatase catalyzes the biochemical splitting
of phosphoric acid ester. • AP (W.M. Roberts, 1933) is
found in the liver, bone, kidney, intestine, lung and pla-
centa. A Regan isoenzyme can be detected as an ectopic
variation of placental AP in tumour patients (10�30%
of cases). The AP of the liver is located in the cytoplasm
and in the membranes, primarily at the biliary pole. Pla-
cental AP is also present in the liver. The AP of bile
duct epithelia is not elevated in healthy individuals. The
serum activity of AP is predominantly due to the iso-
enzymes of the liver and osteoblasts; only 14% are of
renal origin. Half-life is 3�7 days.

The increase in AP activity is stimulated by bile acids.
A rise in bile acids, which is considered to be the most
sensitive and earliest marker of cholestasis, precedes any
elevation in AP. The latter derives from enzyme syn-
thesis with increased secretion into the blood. Under
pathological conditions, bile duct AP is formed, which
is a sensitive marker for hepatobiliary diseases, chole-
stasis and space-occupying lesions of the liver. The sen-
sitivity is 80�100% in cholestatic diseases. AP activity
is usually higher in obstructive jaundice and cholangitis
than in intrahepatic obstructions, and it is highest in the
“vanishing bile duct disease” or in complete obstruc-
tion. (13, 39, 41) (s. tabs. 5.9; 13.2�13.4)

1. Bone diseases with osteoblast activity (Paget’s disease,
rachitis, osteomalacia, bone tumours, aseptic bone necrosis,
fracture healing)

2. Autoimmune vasculitis
Polymyalgia rheumatica
(typical: AP �� and blood sedimentation rate ���)

3. Renal diseases (diabetic glomerular sclerosis, acute tubular
necrosis, hypernephroid carcinoma)

4. Tumours, particularly bronchial carcinoma, M. Hodgkin
5. Hyperthyroidism
6. Congestive liver
7. Hyperparathyroidism
8. Leukaemia, lymphoma, multiple myeloma
9. Drugs, chemicals

10. Hyperphosphatasaemia
11. Intestinal ischaemia, coeliac disease
12. Hyperlipidaemia
13. Acromegaly
14. Cystadenoma of the pancreas
15. Sarcoidosis

etc.

Tab. 5.9: Differential diagnosis of elevated alkaline phosphatase (s.
tabs. 13.2�13.4)

Elevated AP values are normally found in periods of
growth, after fractures (� activity of osteoblasts and
chondroblasts), during the last trimester of pregnancy
(15), and in healing processes (� activation of
fibroblasts). An extremely fatty diet can increase the iso-
enzyme of intestinal AP in persons of blood group B or
0. (Osteoporosis shows normal AP values!) • Aug-
mented AP values can also be expected in diverse
diseases such as congenital (42) or transitional
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hyperphosphatasaemia, cardiac infarction, renal insuf-
ficiency, chronic obstructive pulmonary disease and
pancreatopathy. AP is as a rule markedly increased in
healthy women over 65 years. (s. tab. 5.9)

A decrease in AP activity is found in congenital hypo-
phosphatasaemia, hypothyreosis, cachexia, haemolysis,
pernicious anaemia and fulminant hepatitis due to Wil-
son’s disease as well as in zinc and magnesium defi-
ciency or after intake of oestrogen, clofibrate and antico-
agulants. A decline in AP activity during the last trimester
of pregnancy points to an impending miscarriage.

Normal AP value (37 °C)

Women 55�105 U/l
Men 40�130 U/l
Adolescents 100�400 U/l

6.4.2 Leucine arylamidase (LAP)

Leucine arylamidase (� leucine aminopeptidase) is a
ubiquitous enzyme, mainly localized in the liver and bile
ducts as well as in the pancreas, breast, intestine and
kidney. During pregnancy (as from 2nd trimester), LAP
increases. Arylamidases are predominantly localized in
the cytoplasm, while aminopeptidases are found in the
microsomes of hepatocytes. LAP splits aminoterminal
amino acids off from peptides. High LAP activities are
detectable in the epithelia of the bile ducts.

Elevated LAP values are found predominantly in biliary
and cholestatic diseases � in accordance with AP. In
liver diseases due to alcohol abuse, LAP values are ex-
hibited both more frequently and with higher values
than AP. In hepatitis mononucleosa, LAP is generally
also more clearly elevated than AP. Significant increases
in LAP are found in pancreatic and breast cancer as
well as in collagenoses of the vascular type. LAP is not
found in bone: there is no evidence of elevated LAP in
bone diseases. Normal LAP in connection with an in-
crease in AP consequently rules out hepatobiliary dis-
eases and requires further investigation. In these cases,
parallel determination of AP and LAP is advisable.

Normal LAP value

Women 16�32 U/l
Men 20�35 U/l

6.4.3 5�-Nucleotidase (5�-NU)

5�-NU is membrane-bound and can be found in the
liver, brain, heart, blood vessels, pancreas and intestine.
It is not yet understood why this enzyme does not in-
crease in bone disease, periods of growth or pregnancy.
Even in hepatocellular damage (e. g. acute or chronic
hepatitis), it is also normal or only slightly elevated. (38)

Elevation of 5’-NU is found in cholestasis, biliary dis-
eases and liver tumours (in 80�90% of metastases). It
not only precedes, but also persists longer than AP. The

102

value and accuracy of 5�-NU can be compared to those
of LAP. Therefore 5�-NU, like LAP, can be utilized for
the causal differentiation of elevated AP, particularly
during pregnancy. However, determination of 5�-NU is
rarely carried out due to the high expenditure and
greater effort required for this method.

Normal 5�-NU value

3�26 U/l

6.5 Copper

Copper, another endogenous substance excreted with
bile, has received increasing attention in the last few
years. It has important functions within the organism.
(s. p. 50)

Elevation of serum copper is found in cholestasis, ob-
structive jaundice, primary biliary cholangitis, malig-
nant tumours, kwashiorkor, exocrine pancreatic insuf-
ficiency, during the last trimenon of pregnancy and after
administration of oestrogens. • A decrease in serum cop-
per is typical of Wilson’s disease. In some rare cases, it is
caused by familial benign hypocupraemia and nutritional
deficiency in neonates.

The simultaneous determination of serum iron allows the
differentiation of various iron-copper constellations,
which facilitates differential diagnosis. (s. tab. 5.10)

Liver disease Iron Copper

Acute viral hepatitis, � N
acute hepatic damage

Mechanical jaundice N N
� early stage
� late stage N �

Chronic hepatitis, N��cirrhosis, scarred liver

Primary biliary cirrhosis N �

Carcinoma � �

Haemochromatosis � N

Wilson’s disease N �

Tab. 5.10: Types of iron-copper constellations in some liver
diseases (N � normal)

Normal copper value

Women 68�169 µg/dl
Men 56�111 µg/dl

6.6 Cholesterol

As early as 1862, A. Flint described hypercholesterolaemia in
liver disease, particularly in cholestatic forms.
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Elevation of cholesterol is found in fatty liver, particu-
larly under diabetic metabolic conditions. A rather
marked increase in cholesterol can be observed in all
forms of cholestasis; differentiation between intra- or
extrahepatic cholestasis, however, is not possible. This
elevation of cholesterol in obstruction is due to an en-
hanced synthesis of cholesterol in hepatocytes and intes-
tinal walls as well as to the retention of bile lipids.
Marked elevations of cholesterol are detectable in pri-
mary biliary cirrhosis and in cholesterol storage disease.
A pronounced increase in cholesterol is also found in
Zieve’s syndrome (L. Zieve, 1958).

Decrease in cholesterol synthesis is found in severe
hepatic parenchymal damage, particularly in cirrhosis.

Normal cholesterol value

�200 mg/dl

7 Disorders of synthesis capacity

The more damage there is to the liver parenchyma, the
more intense and varying are the disorders of synthesis
capacity. This predominantly affects the synthesis of
cholinesterase, coagulation factors, albumin, α1-foeto-
protein and lipoproteins.

7.1 Cholinesterase (ChE)

Pseudocholinesterase (W. Antopol et al., 1938) represents
the total activity of roughly 18 genetically determined
variants. It is synthesized in the ribosomes and/or in the
rough endoplasmic reticulum. This is also the site of syn-
thesis of the coagulation factors and albumin, thus indi-
cating a close correlation between cholinesterase and
these two partial functions. Cholinesterase is released as
an inactive secretory enzyme into the bloodstream, where
it is activated. Half-life is 10 days. Under physiological
conditions, the activity of serum ChE is held constant
within a normal range. During pregnancy (as from 2nd

trimester), ChE activity declines.

A decline in ChE activity is found in a number of dis-
eases and/or in connection with damaging effects. The
reduction in enzymatic activity correlates with the re-
stricted synthesis capacity of the hepatocytes. (44)

(1.) Liver diseases: severe acute (necrotic) hepatitis,
chronic hepatitis, chronic alcoholic liver damage, liver
cirrhosis, cardiac liver, liver abscess, liver tumours and
liver metastases, toxic liver damage, etc. • A severe and,
above all, constant reduction in ChE activity (e. g. < 500
U/l) is usually suggestive of an unfavourable prognosis
and the foreseeable moment of “liver death”.
(2.) Medicaments: cytostatic substances, contraceptives,
streptokinase, parasympathicomimetics, glucocorti-
coids, etc. (1)
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(3.) Inflammatory processes: enteritis, colitis, tubercu-
losis, trichinosis, polymyositis, infectious diseases, burns,
irradiation, etc.
(4.) Tumours: carcinomas, Hodgkin’s disease, leukoses
(5.) Postoperative stress syndrome
(6.) Administration of albumin
(7.) ChE activity is significantly reduced in malignant
or tuberculous pleural effusion and ascites. (45)
(8.) Diseases such as hypothyreosis, malabsorption,
kwashiorkor and pernicious anaemia also cause ChE
to decline.

An elevation of ChE activity can be detected in fatty liver,
obesity, diabetes mellitus, exudative enteropathy, neph-
rotic syndrome, hyperthyroidism, Meulengracht’s icterus,
chronic obstructive jaundice, etc. Specificity in liver dis-
eases is 61%, and sensitivity is 49%. In cirrhosis, however,
sensitivity is 88%; normal ChE therefore widely excludes
cirrhosis. In connection with other hepatobiliary en-
zymes, ChE can be useful in the diagnosis and assessment
of the course of liver disease. There is a very good correl-
ation of ChE activity with coagulation factors in liver
diseases; however, the correlation is less significant with
albumin synthesis.

Normal ChE value (37 °C)

Women 3,930�10,800 U/l 3.92�10.8 U/l
Men 4,620�11,500 U/l 4.62�11.5 U/l

7.1.1 Diagnostic accuracy using enzymes

Clinical and enzymatic data of 520 of our patients suf-
fering from various liver diseases were evaluated to as-
sess the diagnostic accuracy of each method. (s. tab. 4.2)
• In the detection of “hepatopathy”, application of 3�7
hepatobiliary enzymes yielded a sensitivity of 95�97%.
(13) (s. tab. 5.11)

1. GPT � 81%
(� screening enzyme)

2. GPT � γ-GT � ChE � 95%
(� 3-fold pattern)

3. GPT � γ-GT � ChE � AP � 97%
(� 4-fold pattern)

4. GPT � γ-GT � ChE � AP � 97%
� GOT � GDH
(� 6-fold pattern)

5. GPT � γ-GT � ChE � AP � 97%
� GOT � GDH � LDH
(� 7-fold pattern)

Tab. 5.11: Diagnostic accuracy in the detection or exclusion of
hepatopathy using 7 hepatobiliary enzymes in 520 patients suffer-
ing from various liver diseases (13)

Threefold pattern: GPT � γ-GT � ChE was successful
as a hepatological check-up; the fourfold pattern (in-
cluding AP) proved completely reliable. Individual cases
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may require the inclusion of GDH (or bile acids). Util-
ization of enzyme ratios can further improve diagnostic
accuracy. (s. tabs. 5.6, 5.7)

7.2 Coagulation factors
Coagulation factors I, II, V, VII, IX�XIII are synthesized in hepato-
cytes. To a minor extent, factor I is also synthesized in the
intrahepatic RES, while factor VIII is formed exclusively in the RES.
Formation of factors II, VII, IX and X as well as of the two inhibitor
proteins C and S depends on vitamin K, the absence of which will
cause the synthesis to decline. Factors I, V, XI, XII and XIII are
formed without the mediation of vitamin K. • Proteolytic enzymes
convert coagulation factors into active factors in the plasma. (s.
tab. 5.12)

The following inhibitors are synthesized in the liver, independently
of vitamin K: AT III, protein C inhibitor, C1-esterase inhibitor,
α2-macroglobulin, histidine-rich glycoprotein, etc.

� The coagulation factors become effective within a proteolytic
cascade system. This cascade consists of an interconnected exoge-
nous (extrinsic) and endogenous (intrinsic) coagulation system as
well as an activating pathway. Coagulators and inhibitors are finely
regulated by positive and negative feedback mechanisms to ensure
homoeostasis of haemostasis. (s. fig. 19.1) Disorders affecting this
system can lead to serious complications. (s. fig. 19.2) (s. tab. 5.13)

Factor Synonym Site of synthesis Vitamin K Half-life
depend-hepato- RES/
encycyte extra-

hepatic

I Fibrinogen � � � 4�6 days
(� substrate of thrombin)

II Prothrombin � � 2�4 days
(� zymogen of thrombin)

III Thromboplastin �
(� activator of F VII)

IV Calcium2�

V Proaccelerin � � 12�15 hours
(� cofactor of F II activator)

VI Accelerin
(� constituent of F II activator)

VII Proconvertin � � 2�5 hours
(� trigger factor of the exogenous
coagulation system)

VIII C AHG-A
(� cofactor of F X activator)

VIII v. Willebrand factor � � 10�18 hours
(� connecting endothelial
cells/thrombocytes)

IX Christmas factor (AHG-B) � � 10�30 hours
(� constituent of F X activator)

X Stuart-Prower factor � � 20�42 hours
(� constituent of F II activator)

XI Rosenthal factor (AHG-C) � � 10�30 hours
(� constituent of F IX activator)

XII Hageman factor � � 2�4 days
(� trigger factor of the endo-
genous coagulation system)

XIII Laki-Lorand factor � � 4�6 days
(� fibrin-stabilizing factor)

Tab. 5.12: Classification andXIV Fletcher factor
synonyms of coagulation factors,(� prekallikrein)
their site of synthesis, vitamin KXV Fitzgerald factor
dependency and half-life (as far(� activator of F XII)
as is known)
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Coagulation factors are proteins with varying but usu-
ally short half-lives. (s. tab. 5.12) Their determination
allows the assessment of hepatic function. However, the
respective half-life has to be considered. Disorders of
coagulation factors are therefore important functional
parameters in hepatic diseases � both in severe acute
and in chronic cases. • In liver diseases, there may be a
lack of coagulation factors, which is predominantly and
primarily caused by a disorder of the hepatocyte syn-
thesis capacity. • This lack can also be due to other
causes : (1.) accelerated catabolism, (2.) altered bio-
synthesis of inhibitors, (3.) production of “abnormal”
factors, and (4.) increased demand due to intravasal co-
agulation.

7.2.1 Fibrinogen and factor VIII

In frequent cases, fibrinogen is initially elevated in liver
diseases and only declines as a result of severely im-
paired synthesis or severe inflammatory processes
(shortening of half-life). • Factor VIII shows an atypical
reaction: its level is either normal or even slightly ele-
vated in liver diseases, possibly due to enhanced RES
activity. (s. tab. 5.13)
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Acute Acute Chronic hepatitis, Obstructive jaundice,
hepatitis hepatic failure Cirrhosis Cholestasis,

Primary biliary cirrhosis

Fibrinogen � � N-�� N-�

Quick’s value, � �� N-�� N-�
Tab. 5.13: Changes of some par-Thrombin time (�) �� N-� N-�
ameters of the coagulation sys-
tem in liver diseases (N � nor-Antithrombin III (�) �� N-�� N-�
mal) (s. tabs. 19.1; 35.4)

7.2.2 Quick’s value

Quick’s value is referred to as a global test for the deter-
mination of thrombin formation (from prothrombin)
and fibrin formation in the presence of fibrinogen,
calcium2� and thromboplastin (� thromboplastin time).
This simple test screens factors II, V, VII, IX and X
(previously referred to as prothrombin complex). A de-
cline in any of these factors extends the thromboplastin
time, i. e. Quick’s value (in %) will decline (A.J. Quick et
al., 1933). • Quick’s value is rather insensitive, which is
understandable in the light of the complexity of the co-
agulation system with the widely varying half-lives of its
factors (2 hours to 4 days). Specificity also is low. In
liver diseases, Quick’s value (like ChE activity) is known
to be a sensitive parameter of hepatocyte protein syn-
thesis. It is extremely valuable in cases of acute hepatitis,
intoxication or necrotic episodes for the diagnosis of an
impending coagulative disorder. In addition, Quick’s
value is useful in the follow-up of chronic liver diseases
and can be helpful in making prognostic inferences, par-
ticularly when combined with ChE. (s. tab. 5.13)

Koller’s test (F. Koller, 1961) differentiates between a lack
of coagulation factors due to hepatocellular damage or
due to vitamin K deficiency. This test facilitates the
differential diagnosis between hepatocellular and mech-
anical jaundice as well as between liver diseases and
bile-duct diseases. The advantages are: simple to per-
form, hardly any side-effects, low in costs.

Method: Intravenous administration of 10 mg vitamin K in
cases with a Quick’s value of < 70%. Diagnostically, a return to
normal levels of > 75% within 24 hours excludes liver disease,
but favours vitamin K deficiency. A non-increase in the value
indicates liver disease, since the synthesis of factors II, VII, IX
and X does not depend on the administration of vitamin K.

Colombi index (in %) is the sum of factors II, V and VII
(A. Colombi et al., 1967). The lower the index, the more
serious is the liver disease (< 150 � serious, < 80 � very
serious). With a Colombi index of < 70, the prognosis
of consumptive coagulopathy is poor. (s. fig. 19.2)

Normal value

Thrombin time 16 � 24 sec
Quick’s value 70 � 100%
Fibrinogen 180 � 350 mg/dl
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7.2.3 Antithrombin III (AT III)

Antithrombin III is formed in the hepatocytes as an α2-globulin.
It serves as a physiological inhibitor of serin proteases in the coagu-
lation system and thus inhibits activating factors IIa, IXa, Xa, XIa
and XIIa. As the name implies, AT III is most effective as an
inhibitor of thrombin. Half-life is 2�3 days.

A reduction in AT III activity (< 70%) can no longer com-
pensate coagulation processes when the activity of the
procoagulator is normal or augmented: this increases the
impending danger of thrombophilic diathesis (e. g.
thrombosis of oesophageal varices with subsequent pep-
tic ulceration). AT III is a specific marker of consumptive
coagulopathy. Application of contraceptives causes AT
III activity to decline (with genetic predisposition � ap-
prox. 1 : 5,000), which is paralleled by an increase in fac-
tors II, VII, IX, X and XII (� hypercoagulopathy).

An elevation of AT III activity (> 120%) is found in
cholestasis and obstructive jaundice. This leads to hypo-
coagulopathy with the danger of bleeding. (s. tab. 5.13)

Normal AT III value

Activity 80�130%
Concentration 0.74�1.26 U/l

220�350 mg/l

7.3 Dysproteinaemia and hypoalbuminaemia
Albumin is synthesized in the liver cell. The rate of synthesis is
12�17 g/day (150�250 mg/kg BW), which can be enhanced 3�4
times due to a loss of albumin. The albumin pool of the organism
is approx. 500 g. Half-life is 18�21 days. Albumin is determined
as a part of serum electrophoresis either quantitatively (g/l or g/dl,
respectively) or as a relative percentage (rel. %). Concentrations of
globulins are also quantified in this way.

Dysproteinaemia is a quantitative or qualitative change
in protein fractions in the pherogram. These changes
predominantly occur together with increases or de-
creases in certain proteins, such as acute phase proteins,
immunoglobulins, haemostasis parameters, prealbumin-
transferrin group and antibodies. Dysproteinaemia can
therefore be detected in a number of diseases. A direct
diagnosis based on dysproteinaemia or on protein con-
stellations is not possible. There is no hyperalbumin-
aemia per se (except in exsiccosis). However, statements
can be made regarding: (1.) clarification of the stage of
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activity of a disease, (2.) assessment of the course of a
disease, and (3.) assignment to specific classes of dis-
eases (e. g. gammopathies). (s. p. 110)

Hypalbuminaemia: For clinical evaluation of hypalbu-
minaemia, three essential factors have to be considered:
(1.) the long half-life, which can conceal intermittent
disorders of synthesis for approx. 2�3 weeks, (2.) the
respective size of the plasma distribution space, which
is inconsistent in liver diseases, and (3.) a certain de-
pressing effect on albumin synthesis exerted by the en-
hanced formation of γ-globulins in the RES. Thus albu-
min is reduced in cirrhosis due to an elevated distri-
bution volume in haemodilution, particularly in associ-
ation with ascites. Since the half-life is also prolonged
in cirrhosis, a reduction in the rate of synthesis by 50%
only lowers the serum albumin by 20%. This has to be
taken into account when assessing the albumin value in
patients suffering from cirrhosis. The diminished syn-
thesis of albumin coincides with the loss of liver paren-
chyma. A reduction in albumin by 10 g/l is equivalent
to a loss of approx. 30 g protein. • Due to the long
half-life of albumin, severe acute liver diseases exhibit a
decline in albumin only during the later course. Hypal-
buminaemia can also be expected in chronic liver dis-
eases, liver tumours, autoimmune diseases, liver ab-
scesses, infectious diseases of the liver, kwashiorkor, etc.
Higher sensitivity is revealed by the prealbumin value in
simultaneous and close correlation with galactose EC.
The half-life is approx. 2 days and thus considerably
shorter than that of albumin. (46) A reduction in albu-
min with a parallel elevation of β-globulin is found in
cholestasis and primary biliary cirrhosis. Albumin can
also decline during pregnancy or due to the intake of
contraceptives.

Normal albumin value

3.7 � 5.9 g/dl 56 � 68 rel.%

Normal prealbumin value

25 � 45 mg/dl

7.4 Lipoprotein X (LP-X)
� LP-X was detected by D. Seidel et al. in 1969 during the course
of a cholestasis syndrome as an abnormal lipoprotein with a low
portion of protein (6%) as well as a high content of cholesterol
(22%) and phospholipids (66%). The increase in the LDL fraction
in cholestasis (G. B. Phillipps, 1960) was linked to the appearance of
LP-X. However, it probably imitates an increase in LDL. LP-X
develops in the plasma during cholestasis as a result of the fact
that lipoproteins, which are normally excreted with the bile, flow
back into the blood and become transformed. (see chapter 13)

LP-X can be detected in cholestasis in 90% of patients.
Its sensitivity is equivalent to the activities of AP, LAP
and γ-GT; however, it is believed to possess a better
correlation with liver histology. It cannot be used to dif-
ferentiate between intra- and extrahepatic cholestasis.
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Since the normalization of LP-X levels precedes the
normalization of cholestasis enzymes, an earlier hint is
given of a regressive course of cholestasis. In biliary cir-
rhosis caused by CDNC, LP-X is considerably ele-
vated. (47)

7.5 α1-foetoprotein (AFP)
� The oncofoetal antigen α1-foetoprotein was described in 1963
(G. Abelev et al.) before being detected in 1964 for the first time
by Y. S. Tatarinov in a patient suffering from liver carcinoma. The
glycoprotein AFP is formed in the foetal liver and is biochemically
identical to the tumour AFP of hepatocytes. The (physiologically)
elevated AFP in the neonate will slowly and steadily decline to
reach normal adult levels by the 10th month.

In normal hepatocytes of the adult, AFP is not formed;
minute quantities in the serum (as normal levels) result
from cellular growth during the course of “moulting”.
There is no age- or gender-specific influence on AFP
levels. Its half-life is 3�6 days.

Elevation of AFP is found predominantly in primary
liver cell carcinoma: sensitivity can be as high as
90�95%, specificity is approx. 80%. The magnitude of
this value correlates with the tumour volume (or the
tumour AFP concentration) and with the extent of de-
differentiation. After successful resection of the tumour,
elevated AFP levels decline to normal levels in relation
to their half-life. The persistence of elevated levels is in-
dicative of the existence of tumour remnants. Values in
excess of 180 µg/l suggest the existence of a primary
liver cell carcinoma. Elevated levels should be re-as-
sessed after 2�3 weeks. In 60% of cases, values exceed
100 µg/l, in 50% they exceed 1,000 µg/l, and in 40% even
10,000 µg/l; values of > 2,000 µg/l are virtually conclus-
ive. Elevation is also found during acute necrotic epi-
sodes of chronic hepatitis B, whereby such cases fre-
quently develop into cirrhosis and liver cell carcinoma.
In a metastatic liver AFP is elevated in some 30% of
cases, whereas in gastrointestinal tumours this value is
approx. 20%. During regeneration, e. g. in cirrhosis,
moderately increased AFP levels (ca. 25%) are detect-
able, just as occasional temporary elevations are found
in liver diseases in general. (43)

The determination of AFP is indicated for (1.) regular
supervision of high-risk groups (HBsAg-positive cir-
rhosis, haemochromatosis, alcoholic cirrhosis), with
more frequent controls as the duration of high-risk dis-
ease increases, (2.) early diagnosis of primary liver cell
carcinoma, (3.) monitoring the success of surgical inter-
ventions, and (4.) postoperative follow-up. (see chapter
37)

Normal AFP value

< 10 µg/l
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8 Disorders of metabolism

8.1 Ammonia
Ammonia is formed in the cell or by bacteria during various de-
amidization reactions of amino acids. A certain quantity (ca. 25%)
of ammonia is produced in the intestine by bacteria or through
enzymatic action in the intestinal mucosa during protein degrad-
ation. This mean value of intestinal ammonia production is elevated
under normal conditions as a result of the increased consumption
of meat or fish and reduced during a predominantly lacto-
vegetarian protein diet. Production of ammonia is raised by phys-
ical work; a similar effect is possible in constipation.

The determination of ammonia in blood is carried out
enzymatically, which is considered to be specific, precise
and simple. (48) Serious mistakes can easily occur during
the preanalytical phase of ammonia determination,
making it imperative to comply with the “standardized”
method of taking a blood sample. (s. p. 91) EDTA blood
should be taken with the addition of sodium borate and
L-serine. Furthermore, elevated serum γ-GT activity
and increased thrombocytes cause the ammonia level to
rise, as does cigarette smoking prior to blood collection.
Even minor haemolysis (e. g. in the event of prolonged
transport) will spoil the blood for ammonia determin-
ation, since the ammonia concentration of erythrocytes
is three times that found in plasma. Besides these inter-
fering factors, ammonia concentration is influenced by
(1.) the metabolic performance of the urea cycle, (2.) the
extrahepatic formation and elimination of ammonia,
and (3.) the acid-base status.

Owing to the multitude of factors interfering with the
ammonia concentration as well as to the multifactorial
pathogenesis of hepatic encephalopathy (HE), it is
understandable that there is no correlation between the
levels of ammonia and the prevailing HE stage. Never-
theless, a hyperammonia syndrome is generally presumed
if concentrations in the venous or arterial plasma reach
135�170 µg/dl. A value of > 150 µg/dl can be attributed
to coma stage I. Here, the arterial ammonia level correl-
ates better with HE than do the values found in venous
blood. (s. pp 56, 266)

The ammonia tolerance test (C. van Caulaert et al., 1932; E. Kirk,
1936) is carried out with the oral administration of 4�5 g am-
monium acetate or 3 g ammonium chloride. Normally, there is
no significant elevation of ammonia levels after 30, 60 and 120
minutes. In hepatic cirrhosis and in portacaval anastomosis,
there is a clear elevation with delayed normalization. (49)

Normal ammonia value (plasma)

Women 19�65 µmol/l
Men 27�90 µmol/l

9 Diagnostics of liver functions

Principle: The principle behind the quantitative diag-
nosis of liver functions is to administer defined test sub-
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stances with known hepatic mechanisms of elimination
with a view to gaining information on single hepatocel-
lular processes for the assessment of certain partial func-
tions of the liver. The administration of such substances
should facilitate the assessment of liver metabolism, ex-
cretion and biotransformation as well as of hepatic per-
fusion. (13, 63, 68, 71, 80, 89) (s. tab. 5.14)

1. Metabolic function
� Galactose elimination capacity

(T. Stentam, 1946; N. Tygstrup, 1963)
� Antipyrine elimination

(E. S. Vesell, 1968)
� Ammonia tolerance test

(C. van Caulaert et al., 1932; E. Kirk, 1936)
� Tryptophan tolerance test

(M. Rössle et al., 1983)
� Methionine tolerance test

(K. Schreier, H. Schönsee, 1952)
2. Excretory function

� Indocyanine green test
(L. J. Fox, 1957)

� Aminopyrine 14C breath test
(G. W. Hepner, E. S. Vesell, 1975)

� Bromsulfophthaleine
(S. M. Rosenthal, E. C. White, 1925)

� Bengal rose test
(G. V. Taplin, O. M. Meredith, 1958)

3. Biotransformatory function
� Antipyrine clearance test

(E. S. Vesell, 1968)
� Caffeine elimination test (� demethylization)

(E. Renner et al., 1983)
� 4-Methylumbelliferone (� glucuronization)

(H.-D. Kuntz, 1982)
4. Hepatic perfusion

� Indocyanine green test
(J. Caesar et al., 1961)

� Sorbitol clearance
(G. Molino et al., 1986)

Tab. 5.14: Test substances with various mechanisms of elimination
and their applications for the assessment of partial functions of
the liver

Indications: The application of direct tests of (quantita-
tive) liver functions follows the indications listed below:

1. detection of previously unknown enzymatically in-
active liver diseases

2. functional characterization of acute and chronic
liver diseases

3. assessment of the course of chronic liver diseases
4. monitoring of recovery
5. specific issues

� detection and extent of toxic damage
� therapy trials
� assessment of prognosis
� indication for shunting
� indication for transplantation

Endogenous functional values (e. g. albumin, cholinester-
ase, Quick’s value, bile acids) as well as exogenous test
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substances (e. g. galactose, indocyanine green, MEGX
and aminopyrine 14C) allow the reliable clinical evalu-
ation of “liver function”. • The quantitative diagnostics
of hepatic function cannot be obtained by any other
method of assessment (as yet) � not even through imag-
ing or through histology. It is, however, to be expected
that in future a more reliable statement regarding meta-
bolic liver function will be possible (e. g. by means of
molecular genetics).

� For the assessment of the course of chronic liver dis-
eases, valuable results are supplied by defined exogenous
test substances, which can determine the prognosis of a
disease or the right time for a surgical intervention. In
the absence of enzymatic features, the course of chronic
hepatitis, hepatic fibrosis or chronic toxic damage can
best be determined with the aid of specific functional
tests. The course of compensated cirrhosis can also be
most reliably supervised using quantitative methods of
assessment. • Endogenous and exogenous factors may
have unpredictable effects on the results of liver function
tests, which leads to an interindividual variation range
in reference values. However, intraindividual reprodu-
cibility is good, making it possible to assess the progress
of each patient more accurately.

9.1 Galactose elimination capacity (GEC)
� Galactose was introduced by R. Bauer in 1906 as a test sub-
stance for the assessment of hepatic function. We have pre-
sented the continuous methodological development of this liver
function test up to the contemporary intravenous injection of
galactose in excess substrate. (69)

The galactose test assesses the ability of the hepatocyte
to convert galactose to glucose. A healthy liver possesses
a capacity to metabolize 500�600 mg galactose per
minute. Roughly 90% of parenterally administered ga-
lactose is metabolized in the liver � independently of
hepatic perfusion. Galactose elimination capacity (GEC)
correlates well with the “viable liver cell volume” (67)
and is therefore referred to as a reliable measure of the
metabolic function of the liver. Prior to determination
of GEC, 24-hour alcohol abstinence is necessary. (50, 53,
55, 65, 67, 69, 71, 72, 75, 77, 82)

Method: The principle of GEC involves the intravenous admin-
istration of galactose in excess substrate in order to assess the
maximum rate of hepatic metabolization. This requires a galac-
tose concentration of 0.5 g/kg BW (serum concentration of >45
mg/dl for at least 45 minutes), which is injected within 4�5
minutes as a 40% pyrogen-free sterile galactose solution. The
bladder has to be emptied immediately prior to the injection
and subsequently the urine has to be collected for exactly 5
hours to assess the respective galactose excretion (in grams).
Blood samples are taken from the fingertip (or from the cubital
vein into an EDTA test tube) at 5, 25 and 45 minutes after
injection. We have reported in detail on how to conduct this
method as well as on the analysis of GEC. (67, 69)

The advantages of GEC are obvious: (1.) there is no
interference with bilirubin, haemolysis or hyperlipid-
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aemia, (2.) neither a disorder of hepatic excretion nor a
change in perfusion will alter the result, (3.) there are
generally no side effects, (4.) blood samples can be taken
from the fingertip as well as from the vein, (5.) labora-
tory analysis is easy to perform, (6.) costs for the test
are low, and (7.) quantitative assessment of the degree
of severity of a liver disease is possible:

Degree of severity of the decrease in function

6�7 mg/kg BW/min � low
5�6 mg/kg BW/min � medium
4�5 mg/kg BW/min � high
<4 mg/kg BW/min � very high

Normal GEC value

>7 mg galactose/kg BW/min

9.2 Indocyanine green test (ICG)

Indocyanine green was introduced by J. Caesar et al. in
1961 as a liver function test. • Anionic tricarbocyanine
dye is referred to as an ideal test substance: (1.) it is
tolerated very well; there have been no reports of any
incidents so far, and even paravenous injection is toler-
ated; (2.) it is excreted unchanged by hepatocytes in the
bile as there is no biotransformation � this is why ICG
clearance is valid as a measure of hepatocellular uptake
and transport processes; (3.) there is no interference
with drugs (except rifamycin), haemolysis, bilirubin (up
to approx. 4 mg/dl) or hyperlipidaemia; (4.) the sub-
stance is not subject to the enterohepatic circulation;
(5.) the rapid elimination, which depends on hepatic
perfusion (“flow-limited”), allows the calculation of the
hepatic flow volume as a whole based on ICG clearance;
(6.) the method is simple to perform.

The optimal dosage of ICG seems to be 0.5 mg (� 0.1
ml)/kg BW. Its half-life is 2.7 � 0.6 minutes and its
plasma disappearance rate (PDR) is 25.6 � 4.5% (PDR
is the elimination per minute as a percentage of the dos-
age). The injection of ICG has to be carried out quickly
(within 10 seconds). Taking a new syringe and the other
arm, blood samples are taken after 3, 6 and 9 minutes;
the time for collecting the blood sample should not ex-
ceed 30 seconds. Samples have to be analyzed immedi-
ately. The absorption maximum is at 772 (or 805) nm in
the spectral photometer. • According to the literature
and in the light of our own experience, the clinical sig-
nificance of the ICG test is to be rated very highly. There
is a close correlation between the Child-Pugh classifi-
cation of cirrhosis and both ICG and the aminopyrine
breath test. The ICG test has also proved effective for
assessing liver function in PBC as well as in the resected
and/or transplanted liver. As yet, however, the high
costs unfortunately prevent wider application. (54, 57, 61,
64, 68, 75, 89)
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Normal ICG value

Half-life < 3.5 minutes

9.3 Aminopyrine 14C breath test

Features of the test substance aminopyrine (dimethyl-
aminopyrine) are: (1.) rapid and complete intestinal re-
sorption, (2.) low protein binding, and (3.) almost ex-
clusive metabolization by the liver. The aminopyrine test
is known to be non-invasive, methodologically simple
and quick to perform. Of importance is a resting period
for the patient of at least 30 minutes prior to the intra-
venous administration of 14C-aminopyrine in a dosage
of 1.5 µCi. Depending on the liver function, radiation
exposure of the patient corresponds to 0.6�2.5 mrem
(� 1�2 thorax x-rays). The test is also influenced by
numerous medicaments and alcohol as well as any alter-
ation in the basal metabolic rate. The procedure finishes
with a triple breath test at ten-minute intervals.

Principle: After the test substance has been demethylated by the
microsomal enzyme system of the SER (cytochrome P 450), the
labelled carbon atoms are catabolized to 14CO2. The velocity
of demethylation can be measured by determining the 14CO2

value in expired air. Catabolization of aminopyrine is enhanced
with elevated activity of the cytochrome P 450 and reduced
accordingly due to the loss of liver cell volume. The metaboliz-
ation is independent of perfusion. Exposure to radiation is
minimal.

A number of studies have demonstrated the value of the
aminopyrine test. There is a close correlation with his-
tology and prognosis of current liver diseases as well as
with the estimation of the operative risk in patients suffer-
ing from cirrhosis. Accelerated aminopyrine dissimilation
due to toxin-induced microsomal enzyme activation may
reveal alcohol or drug abuse even without recognizable
liver damage. (51, 60, 71, 75, 76, 83, 86)

Normal value

Oral >7% 14CO2 within 2 hrs
Parenteral 0.6�1 mol 14CO2 within 30 min

9.4 Antipyrine test

Antipyrine is oxidized through biotransformation, inde-
pendently of perfusion, predominantly in the micro-
somes, and is excreted after hydroxylation and conju-
gation. After oral administration (15 or 18 mg/kg BW,
respectively), the metabolic clearance ability of the liver
(metabolic capacity of the microsomal monooxygenase
system) can be assessed by computation of the concen-
tration curve and the plasma half-life (after 3 and 24
hours). The serum half-life and plasma clearance are sig-
nificantly enhanced/decreased, depending on the re-
duction in liver function. There is a close correlation with
the galactose elimination capacity as well as with Quick’s
value. (58�60, 74, 88)
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9.5 Caffeine elimination test (CET)

Caffeine is completely absorbed within the intestine, and
about 97% is metabolized selectively by the liver � rela-
tively independently of perfusion � by way of micro-
somal demethylation (E. Renner et al., 1984). After intra-
venous administration of 125 mg caffeine (with 125 mg
sodium benzoicum) � equivalent to 11

2 cups of coffee �

a plasma caffeine increase was detected in liver patients,
corresponding to the limited demethylation capacity via
paraxanthin. The prolongation of half-life and the limi-
tation of plasma clearance (PC) were clearly altered in
patients suffering from cirrhosis. The result can be influ-
enced by age, smoking, contraceptives and numerous
medicaments, etc. The test shows no side effects, it is
cost-favourable and easy to carry out. (56, 70, 73, 81, 87)

Normal CET value

Half-life <4�6 hrs
PC <2 ml/kg BW/min

9.6 Monoethylglycinexylidide test (MEGX)

Monoethylglycinexylidide is a metabolite of lidocaine.
Cytochrome P 450-dependent metabolization is meas-
ured 15 and 30 minutes after i.v. application of lidocaine
(1 mg/kg BW, for 2�3 min) (M. Oellerich et al., 1987,
1989). The blood sample is taken from the contralateral
arm. The basic value (zero value) is subtracted from the
MEGX value after 15 and 30 minutes. The MEGX test
is influenced by numerous medicaments and substances,
since lidocaine-metabolizing CYP 450 3A4 is subject to
genetic polymorphism. Such disturbances together with
multifarious side effects hinder wider clinical appli-
cation. • Following liver transplantation, the primary
transplant function was correctly predicted in about
85% of cases and primary transplant failure in about
66%. A further study with 69 transplant patients yielded
a prognostic sensitivity of 73% and a specificity of 78%.
In patients suffering from chronic hepatitis or cirrhosis,
the MEGX test showed a good correlation with the
severity of disease and proved to be a valuable prognos-
tic criterion of assessment. (62, 84, 85) A comparison be-
tween the MEGX test and the aminopyrine or galactose
test, however, showed a broad range of values in minor
liver diseases (46 � 23 ng/ml) as well as in cirrhosis
(19 � 11 ng/ml), whereby the aminopyrine test exhibited
a better correlation with the increase in severity than
did the MEGX test. (78) The metabolic capacity is con-
sidered to be sufficiently representative for the func-
tional reserve of the liver. (52)

Normal MEGX value

15 min (µg/l): 30 min (µg/l):
Women: 25�60 41�70
Men: 42�90 58�98
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9.7 Sorbitol clearance

The D-sorbitol test (G. Molino et al., 1986) is considered
a reliable measure for blood flow in liver parenchyma,
i. e. liver plasma flow. A 40-percent sorbitol solution is
administered via perfusor i.v. within 3 hours (� 7.5 ml/
hr or 50 mg sorbitol/min). There are no side effects. The
test is cost-favourable, but time-consuming. • Between
120th and 180th minute urine is collected and blood
samples are taken, the latter in 10-minute intervals. (66,
79)

9.8 Bengal rose 131iodine test

This method tests the excretory function of the liver
(exogenous clearance), with no metabolization of the
substance in the liver. In addition, this test might pos-
sibly reveal insufficient parenchymal storage. The
Bengal rose test cannot be applied in the icteric patient.
For clinical hepatology, this test is of minor importance.

9.9 Bromsulphalein test
Owing to various disadvantages and side effects, this test (S.M. Ro-

senthal et al., 1925) is no longer available today � although it was
a helpful diagnostic tool in the past.

10 Assessment of mesenchymal
reaction

Elevation of indicator enzymes (particularly GPT, GOT
and GDH) in the sense of hepatocellular damage is
labelled “enzymatic activity”. • Quantitative changes of
gamma globulins, immunoglobulins, serum copper and
procollagen-III-peptide can be suggestive of the mesen-
chyma being involved in the liver disease. An enhance-
ment of the mesenchymal reaction can be subsumed
under the term “mesenchymal activity”.

Any thorough detailed laboratory diagnosis should
test and clinically interpret the enzymatic activity as
well as the mesenchymal activity.

10.1 Gamma globulins

Chronic liver diseases are generally associated with an
increase in γ-globulins, which is indicative of the effects
of the chronic process on the liver mesenchyma. (100)
Gamma globulins invariably possess features of anti-
bodies and are therefore termed immunoglobulins.

Synthesis: Synthesis of γ-globulins occurs in the RES, plasma cells
and lymph nodes. The sinusoids of the liver comprise an abun-
dance of globulin-forming cells. Under normal conditions, how-
ever, the proportion of γ-globulins synthesized in these cells is low.
The half-life of γ-globulins is between 5 and 23 days. The liver
only degrades some 30% of γ-globulins. An elevation of γ-globu-
lins predominantly depends on the chronicity of the liver disease.
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Cause of γ-globulinaemia: Antibodies directed against
tissue antigens, particularly against bacterial antigens of
the intestinal tract, are believed to be the cause of γ-
globulinaemia. Furthermore, toxins (particularly endo-
toxins) entering the reticuloendothelial system of the
liver via the portal vein are essential causal factors.
These substrates stimulate the globulin-forming cells,
causing them to multiply and increase their synthesis:
each cell will now produce a greater number of γ-globu-
lins. Basically, the cause of polyclonal hypergammaglo-
bulinaemia is the persistence of antigen stimulation due
to deficient RES function as well as non-specific gen-
eralized immunological (“mesenchymal”) hyperreac-
tivity.

Elevation: An increase in γ-globulins is found during the
late stage of acute or subacute diseases as well as in
chronic inflammatory processes and malignomas. • Such
an increase can thus be observed to a varying extent
during the course of active viral hepatitis, in chronic
persistent hepatitis, in chronic toxic or chronic inflam-
matory liver damage, and particularly in cirrhosis. A
characteristic merger of the β- and γ-peaks (so-called
“bridging” or “shoulder”) can be found occasionally in
cirrhosis. The increase in γ-globulins does not provide
any diagnostic hints, but it is still useful for the assess-
ment of the course of a liver disease. • It is noteworthy
that γ-globulinaemia exerts a certain depressor effect on
albumin synthesis. The administration of lactulose or
paromomycin, for example, for enhanced intestinal de-
toxification can therefore serve as an initial therapy to
minimize the formation and transport of intestinal
toxins via the portal vein to the liver RES. (100)

Normal γ-globulin value

5.8 � 15.2 g/l
9 � 19 rel.%

10.2 Immunoglobulins
The humoral and cellular immune systems function jointly as an
acquired defence against infection. Whether the humoral or the
cellular defence system is predominantly used depends in the indi-
vidual case on the nature of the pathogen or the foreign body, the
reactivity of the organism and the mode of infection. The humoral
immune response proceeds via the B-lymphocytes and plasma
cells, while the cellular immune response is mediated via the T-
lymphocytes. The haematopoetic stem cells mature into B-lympho-
cytes. These are further transformed to plasma cells, which in turn
synthesize IgM, but they can also “switch” to produce IgA and
IgG. (99)

In decreasing concentrations, serum immunoglobulins consist pre-
dominantly of IgG, IgA and IgM with their subclasses G1�4, A1�2

and M1�2. Quantitative changes of immunoglobulins are only par-
tially detected using electrophoresis: the γ-globulin fraction con-
sists predominantly of IgG, while IgA and IgM are detectable in
the β- or β/γ-fraction. Catabolization of IgG depends on the re-
spective immunoglobulin concentration, while IgM and IgA are
catabolized independently of the serum level. The half-life of IgG
is 9�23 days, of IgA 6 days and of IgM 5 days.
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There is no known immunoglobulin constellation which
is found exclusively in liver diseases and which possesses
real diagnostic value in itself. Except for the extent of
the parenchymal damage, the course and prognosis of
liver diseases are, however, clearly influenced by the
intrahepatic mesenchymal reaction. Immunoglobulins
thus make possible an assessment of “mesenchymal
activity” in the persisting presence of antigen. In liver
diseases, an inhomogeneous polyclonal gammopathy is
regularly found, with certain immunoglobulin patterns
being suggestive of certain liver diseases and courses.
This immunogram (13) is a valuable tool in the follow-
up of diffuse liver diseases and can be used for prognos-
tication. (s. tab. 5.15)

In acute viral hepatitis A, there is a marked increase in IgM during
the course of 6�8 weeks and a subsequent slight increase of IgG.
As of the 2nd week of disease, the IgM level declines faster than
the slightly elevated IgG level, with normalization of IgM after 4
weeks. A persistent elevation of IgM and IgG or a marked ele-
vation of IgG is suggestive of persistent (protracted) hepatitis. •
Apart from an increase of IgM, acute viral hepatitis B and C are
associated with a stronger and earlier increase in IgG than in viral
hepatitis A. Normalization of IgG and IgM values occurs more
slowly than in hepatitis A. Normal values of IgG are mostly
reached only after 6 months. There are no differences between the
icteric and the anicteric form.

There is a marked elevation of IgM in chronic persistent hepatitis
with normal or only slightly elevated IgA. A continuing rise in IgG
would be suggestive of a progression to chronic active hepatitis.

Chronic active hepatitis is associated with a strong elevation of IgG
with normal or slightly elevated IgM and IgA. Marked elevations
of IgG and IgA � with a strong parallel rise in the blood sedimen-
tation rate (BSR), in γ-globulin values and in total protein � are

Immunoglobulins Liver disease

IgA IgG IgM

� No mesenchymal or autoaggressive activity
Normal detectable

� No infectious agent detectable

�� 1. Acute viral hepatitis
(�) (�) ���� 2. Subsiding acute viral hepatitis

� � 3. Stage of complete recovery from acute
viral hepatitis

� � 4. Protracted acute viral hepatitis

�� ���� 1. Conversion of protracted viral hepatitis to
chronic aggressive hepatitis

N�(�) � ���� 2. Chronic persistent hepatitis

N�(�) ������ N�� 1. Chronic aggressive hepatitis
N�(�) �� N�(�) 2. Autoimmune hepatitis

���� �� N�(�) 3. Tendency to develop cirrhosis
������ �� N�(1) 4. Additional alcoholic damage

N�(�) N�(�) N�(�) 1. Fatty degeneration of the liver (stages I, II)
(�) (�) (�) 2. Chronic hepatitis of fatty liver (stage III)

���� (�)�� (�) 3. Alcoholic chronic hepatitis of fatty liver
������ � � 4. Alcoholic cirrhosis

���� ���� (�)�� 1. Liver cirrhosis
(�)�� ��� 2. Primary biliary cholangitis or cirrhosis

Tab. 5.15: Immunogram of���� �� ���� 3. Deterioration of the prognosis in cirrhosis
various liver diseases (13)
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found in autoimmune hepatitis. These considerable increases in
IgG reflect the degree of mesenchymal inflammation with plasma
cell infiltration, which is why this form is also referred to as the
so-called “hyper-γ-globulinaemic chronic hepatitis”. Chronic in-
flammatory liver diseases are therefore characterized inter alia by
marked IgG elevations and only minor IgM increases, even if his-
tology has not yet detected the chronicity of the process. The ele-
vation of IgM, along with IgG, is indicative of the infectious agent
still being active within the organism. Cholestatic forms usually
exhibit an elevation of IgG.

Chronic steatohepatitis reveals only slight elevations of IgA and
IgG. A pronounced increase in IgA is usually suggestive of an
alcoholic or drug-induced cause. Elevation of IgA and IgG are
laboratory markers for the development of cirrhosis.

Primary biliary cholangitis or primary biliary cirrhosis are both
characterized by strong elevations of IgM. Only occasionally (in
20�30% of cases) is there also an elevation of IgG in immuno-
logically and clinically more active forms. IgA values only show a
slight increase during the late course.

In drug-induced liver damage, a similar immunological mechanism
is conceivable: the respective medicament acts as a hapten, and an
endogenic protein turns into an autoantigen. In hypersensitivity
reactions, IgE can increase.

Liver cirrhosis shows an elevation of all 3 classes of immunoglobu-
lins, which is also the cause of the fusion of the β- and γ-fractions
(“bridging”). (see chapter 35)

Normal immunoglobulin value

IgG 92�207 U/ml � 77%
800�1,800 mg/dl

IgA 54�264 U/ml � 14%
90�450 mg/dl

IgM 60�250 mg/dl � 9%
IgE 0�100 U/ml
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10.3 Procollagen-III-peptide (P-III-P)
A normal liver contains roughly 7�9 mg collagen per gram wet
weight. Types I, II and IV are detectable in comparable concen-
trations. With increasing fibrosis, especially type I and type III col-
lagen contents rise in the liver. In advanced stages of long-term dis-
ease, synthesis of type I prevails. • The chronic inflammatory process
of a liver disease activates the connective tissue metabolism with sig-
nificant elevation of monoamine oxidase and collagen peptidase
serum levels. Of all the metabolites of collagen metabolism, the N-
terminal propeptide of procollagen III exhibits the best correlation
with fibrosis activity. The activity of proteoglycan and glycoprotein
metabolisms (and therefore also of lysosomic enzymes) is detected
most reliably with the N-acetyl-β-D-glucosaminidase. The lysosome
release also reflects the mesenchymal activity. • Procollagen III is ini-
tially synthesized in parenchymal cells, Ito cells and fibroblasts; it is
then secreted into the extracellular space. Here propeptides are split
off, whereby the concentration of the separated P-III-P is used as a
direct measure for the amount of collagen synthesized and deposited
extracellularly. The collagen monomers formed are deposited as col-
lagen fibrils in the connective tissue and some of the P-III-P is dis-
charged into the blood. Further fibrosis markers are: P-I-CP, type IV
collagen and prolylhydroxylase.

Procollagen-III-peptide was detected by H. Rohde et al.
in 1978. The results of P-III-P determination in liver
diseases were presented by the same research group in
1979. P-III-P determination is less important for diag-
nosis, but it facilitates monitoring the course of a liver
disease with respect to the current degree of fibrosis.
This makes it possible to obtain information on the ac-
tivity (� connective tissue formed per unit of time) and
reversibility of liver fibrosis. Thus there is a good correl-
ation between P-III-P concentrations and the histomor-
phometrically estimated fibrosis activities.

� Patients with chronic congestive liver or alcoholic cir-
rhosis exhibited distinctly elevated P-III-P values. In
long-lasting, slightly active posthepatitic cirrhosis, P-III-
P possesses only limited value, since type I collagen is
predominantly elevated in these cirrhotic forms. In-
creasing levels of P-III-P are an early and sensitive
marker of veno-occlusive diseases. In chronic hepatitis,
P-III-P values are often elevated. Sensitivity is 94% for
the differential diagnosis of chronic active and chronic
persistent forms, whereby this value cannot substitute
the histological result. The favourable response to corti-
sone treatment in chronic hepatitis was allegedly detect-
able at an earlier stage in the decline in P-III-P values
than in the activity of transaminases. In the progression
of primary biliary cholangitis, P-III-P may be a good
and, in certain cases, an even better marker than his-
tology. There were also marked elevations of P-III-P
serum values in extrahepatic cholestasis and schistoso-
miasis. P-III-P elevations were likewise detectable in
progressive drug-induced liver damage, chronic liver
congestion, and enhanced mesenchymal activity in the
progression of alcoholic fatty liver to chronic stea-
tohepatitis. (90�98)

Normal P-III-P value
3�16 µg/dl

0.3�0.8 U/ml
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11 Serological diagnostics of viral
hepatitis

Numerous viruses are able to cause acute viral hepatitis.
Primary hepatotropic viruses lead to a completely inde-
pendent form. • Secondary hepatotropic viruses lead to
systemic infection (with various organs being affected)
as well as simultaneous and often predominant con-
comitant hepatitis. • Tropical virus infections may at
times trigger inflammatory concomitant reactions of the
liver. This requires differential diagnosis for epidemio-
logical and clinical reasons as well as to comply with
legal regulations (� notifiable disease). (s. tab. 5.16)

Primary hepatotropic viruses

1. Hepatitis A virus 4. Hepatitis D virus
� Picorna virus � Delta viroid

2. Hepatitis B virus 5. Hepatitis E virus
� Hepadna virus � Caliciviridae group

3. Hepatitis C virus 6. Hepatitis G virus
� Flaviviridae group � Flaviviridae group

7. Molecular, partially identified
� Hepatitis non-A, non-E virus
� Hepatitis GBV (A�C)

Secondary hepatotropic viruses

1. Herpes viruses 2. Enteroviruses
� Epstein-Barr virus � Coxsackie virus
� Herpes simplex viruses � Echovirus
� Human herpes viruses 3. Rubella virus
� Varicella-Zoster virus 4. Paramyxoviruses
� Cytomegalovirus 5. Adenoviruses

Exotic hepatotropic viruses

1. Togaviridae viruses 2. Filo viruses
a. Alpha viruses � Marburg virus

� Semliki Forest viruses � Ebola virus
b. Flavi viruses 3. Bunya viruses

� Yellow fever virus � Hanta virus
� Dengue virus � Rift Valley fever
� Kyasanur Forest virus 4. Arena viruses

� Lassa virus

Tab. 5.16: Pathogens of acute viral hepatitis as independent or
concomitant disease (s. tab. 23.1!)

11.1 Hepatitis A virus (HAV)
� The uncoated hepatitis A virus was discovered in the stools of
afflicted patients with the help of immunoelectron microscopy by
S. M. Finestone et al. in 1973. This RNA virus has a diameter of
27�32 nm and belongs to the family of Picornaviridae. It is a
spherical particle of icosahedral symmetry (� a polyhedron limited
by 20 triangular faces). The RNA possesses functional and struc-
tural regions, encoding three enzymatically active peptides (P1 to
P3) and four structural proteins (VP1 to VP4). Whereas VP1 to
VP3 are easily recognizable from the outside, also for the immune
system, VP4 is concealed on the inner side. The genome consists
of positive, linear single-stranded RNA with 7,478 nucleotides. It
possesses one open reading frame (ORF) with both a 5’NCR and
a 3’NCR (non-coding region). The ORF translates a polyprotein,
which is degraded into structural protein P1 as well as into non-
structural proteins P2 and P3. From P1 and RNA, immature viral
particles originate. With the help of the enzymatic degradation into
the four capsid proteins VP1�VP4, mature viruses develop. (s. p.
418) (s. fig. 5.4)
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Fig. 5.4: Structure of the hepatitis A virus. It consists of 60 cap-
someres, which as a whole form the capsid

Virus RNA is infectious. HAV multiplies within the cy-
toplasm of hepatocytes. • Approximately 2 to 3 weeks
after infection, the viruses appear in the stool, but dis-
appear after 4 to 5 weeks, thereby terminating the infec-
tivity. As of the 4th week, HAV antibodies (anti-HAV) of
the IgM and IgG type appear in the serum as serological
markers. (s. fig. 5.5) Acute hepatitis A has a high IgM
titre, whereas an infection occurring several months
earlier can be recognized by a high IgG titre. • Once
the infection has been overcome, the elevated IgG titre
remains for life. Immunity is permanent. Renewed rises
in titre (� booster effect) are possible after recurrent
HAV contacts. The HAV vaccine induces equal IgM and
IgG immune responses. By means of quantitative deter-
mination of the total anti-HAV, it is possible, for ex-
ample, to differentiate between passive immunization
and (acute or past) HAV infection. HAV RNA can be
detected with the help of hybridization tests, and HAV
with the help of PCR. (101, 109, 119) (see chapter 22.3!)

Fig. 5.5: Scheme of the immune status during the course of acute
viral hepatitis A
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11.2 Hepatitis B virus (HBV)
� The hepatitis B virus is a coated, circular, double-stranded DNA
molecule, with a (�) partial overlapping strand; the minus strand
has a length of approx. 3.2 kilobases. This virus with a diameter
of 42 nm is classified as a hepadnavirus of the orthohepadnavirus
family. (s. p. 423) HBV is also referred to as Dane particle after its
discoverer (D.S. Dane et al., 1970). (s. p. 414) It consists of a coat
and a nucleocapsid. The virus coat is made up of the “s” (� anti-
gen surface), which was discovered as a so-called Australia antigen
by R.S. Blumberg et al. in 1965. (s. p. 414) It comprises a large (l),
medium (m) and small (s) protein. The nucleocapsid with a diame-
ter of 27 nm contains the “c” (� core) antigen and the “e” (�
envelope) antigen, which is a protein subunit of the core. Thus four
open reading frames S, C, P and X code for the viral proteins
HBsAg, HBeAg and HBxAg as well as for DNA polymerase. Rep-
lication of the DNA is effected by reverse transcriptase. There are
two regions called DR1 and DR2 (� direct repeat) as well as two
regions called Enh1 and Enh2 (� enhancer of the replication). (s.
fig. 5.6) (see chapter 22.4!)

Fig. 5.6: Scheme of genome organization of HBV: a (�) singular
strand and a partial overlapping (�) strand with the direct repeat
regions (DR1, DR2) and the replication enhancer regions (Enh 1,
Enh 2); there are four open reading frames (ORF), namely S, P, X
and C, with the coding areas for the different HBV proteins (S,
pre S1, pre S2 for the three surface proteins s, m and l, P � DNA
polymerase, X � X protein, pre C for the HBe antigen and C for
the HBc antigen); the nucleocapsid HBc encircles the genome
HBV

Besides the complete HBV, there are other DNA-free HBs par-
ticles, which are detectable in serum as so-called redundant surface
material. These particles present as spheres or tubules. The spheri-
cal particles have a diameter of 22 nm, whereby the length of the
tubules is variable. Both particles are non-infectious since they pos-
sess no precursor polypeptide to bind to the hepatocyte receptor.
• The relation of infectious viruses to non-infectious particles is
about 1 : 1,000. (s. p. 424) (s. fig. 5.9)

HBsAg particles all contain a common determinant “a”,
which is coded by the S gene. Apart from that, there are
four other distinguishable subtypes d, y, w and r, which
seem to be of merely epidemiological significance. This
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results in four constellations adw, adr, ayw and ayr, all
of which are detected by the serological HBsAg test.
(101�103, 106, 107, 114�116, 119) HBsAg is identical to the
“Australian antigen”, which was detected for the first
time in 1965 (B. S. Blumberg et al.) (103). HBsAg can be
demonstrated histochemically in the cytoplasm and on
the membranes of the hepatocytes as well as in the se-
rum. Hepatocytes containing HBsAg appear as ground-
glass cells in normal histology. (s. pp 396, 424) (s. fig.
5.7) • After an incubation period of 2 to 6 months,
HBsAg appears as the earliest serological marker in the
serum � about 2 to 5 weeks prior to the onset of clinical
symptoms. Highest values are reached with the manifes-
tation of the disease, followed by a gradual and steady
decline to negativity within 3 to 6 months in a favour-
able course. This reduction in titre cannot be observed
in cases with a tendency towards chronicity. HBsAg is
neither carrier nor proof of infectivity and is not ac-
cepted as a “primary test” for acute HBV infections.
HBsAg can be present without complete virus forma-
tion. In questionable or minor HBsAg positivity as well
as in cases with suspected immunity complexes, an
HBsAg-confirming test should be executed. In some
20�25% of cases of acute hepatitis B, HBsAg detection
in the serum remains permanently negative. However,
even in these patients, antibodies against HBsAg can
appear. (s. fig. 5.8) (s. tabs. 5.17, 5.18)

Fig. 5.7: Ground-glass hepatocytes (see arrows) in chronic hepatitis
B virus infection (s. figs. 22.7, 22.8)

HBV mutants: During the infection, HBV can mutate.
Such HBV mutants may multiply and thus cause rein-
fection even in the presence of anti-HBs. There are, for
example, pre-core mutants (which prevent HBeAg secre-
tion), X gene mutants, pre-S/S gene mutants (“immune
escape mutant”) and YMDD mutants of the polymer-
ase gene (especially during lamivudine therapy). (s. p.
425) • Despite successful B vaccination, mutated HBV
strains have the potential for eliciting a virus B infec-
tion!

HBeAg (L. O. Magnius et al., 1972) is detectable in serum
together with HBsAg, or shortly afterwards. This condi-
tion is present in the nuclei of the hepatocytes and can
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Fig. 5.8: Scheme of the immune status during the course of viral
hepatitis B

be demonstrated by immunoelectron microscopy in the
endoplasmic reticulum and cytosol. HBeAg is a sub-
component or a degradation product of HBcAg. It is a
marker for replicating HBV, i.e. viraemia, and as such
it is proof of infectivity. HBeAg normally disappears at
the peak of the disease, generally prior to HBsAg turn-
ing negative. Persistence for more than 12 weeks indi-
cates a transition to chronic hepatitis. With the appear-
ance of HBV mutants, which do not form pre-C protein,
no HBeAg is produced: disappearance of HBeAg with
positive HBsAg is not to be interpreted as a favourable
course with the infection being overcome, but as sus-
pected formation of mutants.

HBcAg is also found in the nuclei of the hepatocytes,
but it is not present in the serum in its free form. (s. p.
424) (s. fig. 22.8!)

Anti-HBc is the earliest immunological response to
HBV antigens. Initially, there are high concentrations of
IgM anti-HBc. This is known to be the most reliable
marker of an acute HBV infection, since it is detectable
even during the so-called serological gap (which is be-
tween the disappearance of HBsAg and the appearance
of anti-HBs). (s. fig. 5.8) As the infection progresses,
the IgM antibody level steadily declines and eventually
disappears after 6 to 12 months, while IgG anti-HBc
continues to be present. Persistent IgM titres suggest
(1.) continuing presence of replicating HB viruses, (2.)
impending transition to chronic hepatitis, and (3.) reac-
tivation of the HBV infection. After HBV infection, IgG
anti-HBc will persist and be detectable for a consider-
able period of time (for many years, possibly for life).
Its determination is useful as a marker for the epidemic
prevalence of HBV in a population � however, this is
not the case with the determination of anti-HBs. • The
positive detection of anti-HBc on its own allows various
interpretations : (1.) anti-HBs has disappeared after an
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infection long passed while IgG anti-HBc is still present,
(2.) IgM anti-HBc has again appeared after reinfection,
(3.) anti-HBc is already being produced, but HBsAg is
forming immune complexes with anti-HBs, and (4.)
there is a “smouldering” or “silent” hepatitis (e. g. in
drug addicts, in cases of haemodialysis or in immuno-
compromised patients). Although very small amounts
of HBsAg are actually found in all cases, they are not
detectable, with the result that anti-HBs remains subli-
minal and only anti-HBc appears. (102) Differential di-
agnosis between “late immunity” and “smouldering”
hepatitis can generally be accomplished via HBV DNA
determination (possibly PCR). • Infection with HBV
through an exclusively anti-HBc-positive carrier (e. g. by
blood transfusion) is possible.

Anti-HBs is formed after the disappearance of HBsAg
and a subsequent “serological gap” of approx. 5 to 6
months following the infection. (s. fig. 5.8) This gap can
be extended by several weeks if the appearance of anti-
HBs is delayed. Sufficiently high titres of antibodies en-
sure immunity against HBV reinfection. Anti-HBs is de-
tectable for many years. Some 10�15% of patients do
not form any antibodies and remain HBsAg carriers.

Anti-HBe develops with the disappearance of HBeAg in
the serum. This serum conversion occurs roughly at the
peak of the clinically manifest disease. Detection of
anti-HBe is a favourable sign and suggests cessation of
(clinically relevant) infectivity. Even this extremely
short-lived HBV antibody may nevertheless be present
for several years. (s. fig. 5.8)

HBV DNA is found in serum as long as there are repli-
cating HB viruses. The sensitivity of dot-blot hybridiza-
tion is in the range of 1 picogram HBV DNA (� 1 bil-
lionth of a gram, i. e. 3 � 104 to 3 � 105 virus particles).
• Meanwhile, a most sensitive method for the qualitative
detection of HBV DNA has been developed: in-vitro
gene amplification, also known as polymerase chain re-
action (PCR) (K. B. Mulliss, 1985). This technique allows
the detection of 1 femtogram HBV DNA (� 1 trillionth

of a gram, i. e. 3 � 101 to 3 � 102 HBV particles, approx.
10�100 viruses/ml). Given this incredible sensitivity, it
is doubtful whether such a minimal quantity of viruses
has any clinical relevance. • After all, with the PCR
method it was possible to confirm the persistence of repli-
cable HB viruses in 100% of HBeAg-positive patients, in
80% of individuals with anti-HBe and in 57% of “heal-
thy” HBsAg carriers. • The detection of HBV DNA as
the most sensitive marker of virus replication and, as
such, proof of infectivity has replaced the determination
of DNA polymerase. In routine diagnostics, however,
a quantitative test should be used. There are different
procedures, e. g. membrane hybridization (dot-blot, slot-
blot), branched DNA hybridization.

HBV replication occurs in hepatocytes and extrahepatic
cells (i. e. in bone marrow, kidney, pancreas, thymus,
spleen, lymph nodes and endothelial cells). Results of
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the highly sensitive PCR should therefore be interpreted
with caution in each individual case. (s. fig. 5.9)

Fig. 5.9: Scheme of HBV replication in hepatocytes (or in extra-
hepatic cells) with incomplete, non-infectious HBsAg particles in
the serum in the form of spheres (x) and tubules (xx)

11.3 Hepatitis C virus (HCV)
� In 1989 molecular biological methods helped demonstrate a
hepatitis C virus which was identified as the pathogen in 90% of
hepatitis non-A-non-B (Q. L. Choo et al.). (105) The same research
group developed an anti-HCV test (G. Kuo et al., 1989). This marker
was positive in 70�92% of patients with posttransfusion hepatitis
and in 58�79% of patients with sporadic NANB hepatitis. (see
chapter 22.5!)

The enzyme immunoassay (EIA) of the 1st generation
determined antibodies against a non-structural protein
(C 100) of the NS4 region with a sensitivity of 70%. •
The 2nd generation of the anti-HCV test is carried out
with a mixture of core (C 22), NS 3 (C 33) and NS 4 (C
100) antigens. • The 3rd generation possesses in addition
the proteins of NS 5. The latter is best suited for the
detection of RNA. This meanwhile established third
generation test has achieved a significant improvement
in the reliability of results. • In suspected HCV infection,
an anti-HCV test is required. Anti-HCV titres were de-
tected in 20�40% of patients with acute hepatitis C at
the onset of the disease; after 3 months, this was the
case in 70�90%. In patients with extremely low HCV
viraemia, anti-HCV may even be missing. Anti-HCV
antibodies are also detectable in the urine and saliva. •
Positive antibody titres were found with relatively high
frequency in alcoholic cirrhosis, autoimmune hepatitis
and PBC as well as in drug addicts. • A positive test
does not reveal whether there is still an active infection
or whether recovery has been reached. Over the years,
anti-HCV can actually disappear from the serum. (s. p.
440)

A positive anti-HCV test should be confirmed by means
of the RT-PCR test or quantitative hybridization test,
e. g. branched-DNA hybridization, amplicor technique.
With the help of these procedures, it is possible to detect
HCV RNA within 1 week after infection. (104, 105, 108,
111, 113, 119, 121) (s. p. 440)
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Anti- HBs Anti- HBe Anti- HBV HDV Anti-
HBc IgG IgM Ag HBs Ag HBe DNA Ag HDV
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19. � � � � � � � � �

20. � � � � � �/� �

Tab. 5.17: Con-
stellations of
serological find-
ings and their clin-
ical interpretation
during the course
of HBV and HDV
infection or HBV
vaccination (*�
immune complex)
(107, 114�116,
119) (s. tab. 5.18)

11.4 Hepatitis D virus (HDV)

� Hepatitis delta virus is a viruoid from the plant king-
dom. It requires a helper virus, such as HBV, for its
replication. The hepadnavirus HBV delivers its coat
protein for completing a pathogen, which then pene-
trates the hepatocytes. • Up to now, three genotypes of
HDV are known. Compared to genotypes 2 and 3,
genotype 1 more often leads to a severe or fulminant
course as well as the development of HCC. (s. fig.
22.18!) (see chapter 22.6!)

Serological diagnosis is effected by means of the deter-
mination of HDAg and/or anti-HDAg, with parallel
positive HBsAg. Acute infections as well as chronic dis-
eases can be confirmed serologically using IgM and IgG
anti-HDV. The detection of HDV RNA is possible using
PCR. Infection with HDV can occur as coinfection or
superinfection. • The coinfection is paralleled by positive
IgM anti-HBc, HBeAg and HBV DNA as well as IgM
anti-HDV. • The superinfection usually has the following
constellation: predominantly positive IgG anti-HBc,
anti-HBe and IgG anti-HD, usually with negative HBV
DNA. • After an HDV infection has been cured, anti-
HDV usually disappears from the serum, thus making
recognition of a previous delta hepatitis virtually im-
possible. (107, 112, 119) (s. tabs. 5.17, 5.18) (s. fig. 22.18)

During the course of HBV or HDV infection, a multi-
tude of serological findings can be witnessed. A clinical
interpretation of such serological constellations is neces-
sary for each single case, since this will yield an essential
understanding of the stage and course of disease, infec-
tivity, prognosis or serological cure. In single cases, un-
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Constellations of serological findings

1. Early, presymptomatic phase of acute already infectious
hepatitis B (� late incubation period)

2. Onset of manifestation phase
3. Acute hepatitis B
4. Subsiding hepatitis B; persisting infectivity
5. Recent hepatitis B infection; “diagnostic window”; low

or no virus persistence or infectivity; probability of im-
munity to reinfection (development of anti-HBs can be
delayed for a period of 4 to 6, or even 12 months)

6. Phase of convalescence/stage of recovery; immunity to
reinfection; no infectivity

7. Previous infection; immunity; no sign of infectivity
8., 9. Previous hepatitis B infection with subclinical or

chronic course; infectivity; reactivated chronic hepa-
titis B

10., 11. Chronic course of hepatitis B with varying activity; sim-
ultaneous infection with infectivity; high-risk situation
(e.g. dialysis)

12., 13. “Healthy” HBV carrier status with varying infectivity;
varying immune response; varying threshold of detect-
ability of markers

14., 15. “Ill” HBV carrier status; infectivity; subsiding infection
16. Outcome of active immunization
17. Acute HBV/HDV coinfection
18. Chronic HBV infection with HDV superinfection
19. Subsiding HBV/HDV coinfection with negativity of

HDV and persisting infectivity
20. Previous HBV infection long passed; immunity

Tab. 5.18: Serological markers allow differentiation of hepatitis B
infection (s. fig. 5.9) (s. tab. 5.17)
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equivocal interpretations can be further clarified by de-
termining titre levels or IgM antibodies.

11.5 Hepatitis E virus (HEV)

Until recently, the entire virus group of NANB hepatitis
was thought to be transmitted parenterally; in the
meantime, however, an enterally transmitted hepatitis E
virus has been identified. It is a single-stranded RNA
virus with a diameter of 32�34 nm, which has so far
been classified as a calicivirus. (120) According to virol-
ogical investigations (E. V. Koonin et al., 1992), it possesses
great similarity with the RNA of rubella viruses (of the
Togaviridae group). This could also explain the similar
consequences of rubella viruses and HEV for both the
pregnant woman and the embryo. The viral genome was
isolated from the stool of patients, whereas the viral
antigen was detected in the liver of infected chimpan-
zees. In a self-experiment, HEV was transmitted, in-
ducing acute viral hepatitis E (A. Chauhan, 1993). Culti-
vation in cell cultures has not been possible. In the
meantime, cloning and sequencing has been successfully
performed and a test developed for the detection of IgM
and IgG anti-HEV. (110, 118, 120) (see chapter 22.7)

11.6 Other hepatitis viruses

As is commonly known, it has been possible to isolate
parenterally transmitted HCV and enterally transmitted
HEV of the hepatitis non-A-non-B group. However,
further types of viruses seem to exist. The previous
NANB group has proved to be a reservoir for several types
of viruses (e. g. HFV, HGV, GBV).

Thus a virus particle was detected which was provision-
ally labelled virus F (HFV). • In a further case, another
virus was differentiated as virus G (HGV). • In 1992 the
research group of G. Berencsi discovered yellow fever
virus antibodies in the serum of patients with transfusion
hepatitis, although these Hungarian patients had never
been in contact with yellow fever. The yellow fever-posi-
tive sera (following transfusion hepatitis) turned out to
be negative with regard to all other hepatitis viruses.
Such a hepatitis virus, cross-reacting with attenuated
yellow fever viruses, seems to be the cause of further,
still unknown, forms of posttransfusion hepatitis. (117)
(see chapter 22.8�13)

12 Immunological diagnostics

Autoimmunity is essential in each individual � and nor-
mally it does exist. Natural autoreactive antibodies en-
sure immunological homoeostasis. The immune system is
well-equipped to fulfil its tasks of distinguishing be-
tween endogenous and exogenous structures.

Invasion of the organism by infectious or exogenous
agents triggers a multitude of cellular defence reactions
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which are intended to help eliminate the foreign agents.
The different interactions between the defence reactions
of the immune system and the foreign agent cause varying
clinical symptoms as well as varying courses of disease.

Chronic liver disease, particularly that of viral origin, can there-
fore be caused by a weakened immune system. In contrast, auto-
immune-induced chronic liver disease is attributable to an over-
reaction of the immune system: the immune system has lost its
ability to distinguish between substances of an endogenous and
exogenous (or secondary modified endogenous) nature. This
leads to immune reactions against endogenous structures and
usually also to autoimmune hepatitis. The ability to differen-
tiate exogenous from endogenous applies to both T and B lym-
phocytes. The balance between helper and suppressor T cells
ensures the functional efficacy of the immune system. The
maturation process of B lymphocytes into specific antibody-
producing plasma cells is supported by helper T cells.

A disorder of this homoeostasis can induce the pro-
duction of autoantibodies or the activation of auto-
antigen-specific T lymphocytes. This leads to antigen-
antibody reactions. These autoantibodies react with
subcellular structures; they are only partly disease-
specific and only organ-specific in single cases. There
seems to be a certain genetic disposition for immuno-
logically abnormal reactions or immune deficiencies.
(230) • In certain liver diseases, such autoantibodies are
found with a characteristic frequency or concentration
as well as in certain combinations. This condition not
only facilitates a differential diagnosis, but also leads to
findings of therapeutical value. So far, no specific anti-
body could be determined as the cause of a liver dis-
order. However, autoantibodies play a pathogenic role
in certain courses of disease. Most antibodies detected
in hepatology can also be observed in other diseases
without liver involvement. • Antibodies are occasionally
found at low titre levels and even in healthy (particularly
elderly) individuals as well as in asymptomatic patients.

� The detection of autoantibodies is facilitated by: (1.) immuno-
fluorescence in tissue sections, (2.) immunodiffusion, (3.) coun-
terelectrophoresis, (4.) enzyme immunoassay, (5.) radio-
immunoassay, and (6.) immunoblotting.

The most important and most widely applied screening
method regarding antibodies in the serum is indirect im-
munofluorescence microscopy. This is carried out on
frozen sections of isolated cells or tissue which are incu-
bated with diluted serum of patients. After further incu-
bation with an antihuman antigen marked with a fluo-
rescent dye, a microscopic examination is performed
with the help of light of a given wave-length. Then, any
fluorescent glow indicates where antihuman antigen has
recognized autoantibodies, which are bound to cell or
tissue antigens. The detection threshold lies at ca. 100
ng antibodies/ml serum.

Circulating immune complexes form in the presence of a quanti-
tative excess of antigens (or antibodies) as small, still soluble par-
ticles, which are distributed by the blood in the body, and which
penetrate vascular walls or tissues. Here they can initiate multiple
damaging mechanisms and even so-called immune complex dis-
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eases. In primary biliary cholangitis and primary sclerosing chol-
angitis, increased circulating immune complexes were observed.
They can be detected by the Raji-cell test and the C-1-q-binding
assay. • When positive, the determination of the rheumatoid factor,
described for the first time by K. Meyer in 1922 in patients with
liver cirrhosis, may also suggest circulating immune complexes.

12.1 System of antibodies
The autoantibodies known in hepatology are classified in two
groups: (1.) nonorgan-specific antibodies and (2.) organ-specific
antibodies. Some can be characterized by additional subtypes,
which allows a more detailed differential diagnosis (e.g. immun-
ological mixed-forms, overlap with systemic collagenoses) as well
as prognostic statements. (s. tab. 5.19) • Of the more than 100
autoantibodies known to date, some have proved to be very useful
for the diagnostic and prognostic assessment of various hepatobili-
ary diseases.

I. Nonorgan-specific antibodies
1. Antibodies against mitochondria (AMA)

Subtypes: anti-M1 to anti-M9

2. Antibodies against nuclear antigens (ANA)
� Homogeneous � Circular
� Spotted � Nuclear
Subtypes:
Anti-ds-DNA Anti-Sm
Anti-ss-DNA Anti-SSA
Antihistone Anti-SSB
Anti-Ul-nRNP Anti-Scl-70
Anticentromeres
Human nuclear antigen (HNA), etc.

3. Antibodies against histone-2B (IgA type) (AHA)
4. Antibodies against smooth muscles (SMA)

Subtype: Antiactin
5. Antibodies against microsomes (LKM)

Subtypes: Anti-LKM1�3

Anti-MFR1�2

6. Antibodies against granulocytes (ANCA)
� cANCA � cytoplasmatic ANCA
� pANCA � perinuclear ANCA

7. Antibodies against the cytoskeleton:
Subtypes:
Anti-intermediary filaments
Antimicrofilaments
Antimicrotubuli

8. Antibodies against ribosomes
9. Antibodies against basal cells

10. Antibodies against reticulin
11. Antibodies against polyalbumin

II. Organ-specific antibodies
1. Antibodies against liver membrane antigens (LMA)
2. Antibodies against liver cytoplasm antigens (SLA)
3. Antibodies against biliary duct epithelia
4. Antibodies against biliary duct canaliculi
5. Antibodies against liver ribosomes

Tab. 5.19: Autoantibodies and their subtypes in chronic hepatobili-
ary diseases

There are chronic autoimmune-associated liver diseases
with and without cholestasis which are negative in virus
serology. With the help of selected autoantibodies, a de-
tailed laboratory diagnosis can be achieved. (124, 126, 129,
130, 133, 134) (s. tabs. 5.19�5.21; 33.1) (see chapter 33)
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12.2 Antinuclear antibodies (ANA)

Evidently, ANA (first described by G.J. Friou et al. in 1957)
belong to the natural autoantibodies which are continu-
ously stimulated by a still unknown mechanism (pos-
sibly a persisting agent) in certain diseases. However,
this antibody phenomenon is inconsistent and neither
organ- nor disease-specific. ANA can be visualized by
immunofluorescence in cryostat tissue sections of the rat
liver and rat kidney as a homogeneous (s. fig. 5.10),
speckled (s. fig. 5.11), circular or nuclear fluorescence
pattern. This allows conclusions to be drawn as to the
specificity of antinuclear antibodies and in some cases
as to the nature of the underlying disease as well.

Fig. 5.10: Antinuclear antibodies (ANA) with homogeneous fluor-
escence pattern, here in chronic autoimmune hepatitis

Fig. 5.11: Antinuclear antibodies (ANA) with speckled fluor-
escence pattern, here in PBC

To a varying extent, ANA are detectable in chronic ac-
tive hepatitis (CAH), in mixed forms of CAH/PBC and
particularly in lupoid hepatitis (autoimmune hepatitis
type I) (in 80�100%) as well as in oxyphenisatin-in-
duced CAH. Clinically relevant titres start at a serum
dilution of 1 : 80. Level of the titre, pattern of fluo-
rescence and in particular interaction with the comple-
ment system are relevant for the pathogenic valence of
ANA. The determination of ANA and SMA is indi-
cated when autoimmune hepatitis is in question.
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In the case of a positive reaction, further differentiation
of antigen specificity should follow. In the case of a
negative reaction together with sufficient clinical sus-
picion, immunological diagnostics must be extended to
include antibodies against microsomes (LKM), ribo-
somes and the cytoskeleton. (s. tabs. 5.20; 33.1)

12.3 Liver membrane antibodies (LMA)

Heterogeneous autoantibodies of the IgG class against
liver cell membrane were detected using immuno-
fluorescence (W.B. Storch, 1973; U. Hopf et al., 1976). These
antibodies are of no essential importance for clinical or
differential diagnosis. In addition, their detection is a
rather painstaking procedure (requiring hepatocytes of
a perfused liver). • Likewise, anti-LPS has lost its im-
portance, since it is an impure antigen fraction. • The
asialoglycoprotein receptor has now been identified as an
antigen of anti-LPS. Antibodies against these receptor
proteins seem to correlate with the activity of chronic
hepatitis.

12.4 Antibodies against smooth muscles (SMA)

Antibodies against smooth muscle antigens (SMA) were
first detected by G.D. Johnson et al. in 1965. They are
found in various viral and toxic forms of hepatitis as
well as in PBC and PSC (40�70 % of cases). However,
they are extremely heterogeneous. These antibodies re-
act with structures of the cytoskeleton. Actin is the most
important target antigen in liver diseases. SMA are not
species-specific but organ-specific. The frequency of
SMA does not increase with age. (s. fig. 5.12) In general,
they have a low titre. They are best detected in the mus-
cular layer of arteries and arterioles. High titres of anti-
bodies of the IgG class and of the anti-actin subtype
are found predominantly in autoimmune CAH (type I,

ANA LKM LP(SLA) SMA LMA AMA pANCA AHA

1. Chronic active hepatitis (CAH) ��(�) � � ��(�) ��(�) � � �

2. Autoimmune hepatitis (AIH)
� “lupoid” AIH (type 1) ��� ��(�) ��(�) �� �� ��(�) ��� �
� LKM-positive AIH (type 2a) � ��� � � � � � �
� SLA-positive AIH (type 3) � � � ��� ��� � � �
� SMA-positive AIH (type 4) � � ��� ��� ��� ��� � �

3. Primary biliary cholangitis (PBC) ��(�) � � ��(�) � ��� � ��

4. Mixed forms of CAH/PBC � � ��� � � �� � �

5. Primary sclerosing cholangitis ��(�) � � � � � �� �

6. Alcohol-induced CAH (�) � � � � (�) � �

7. Drug-induced CAH � ��� � ��(�) ��(�) (�) � �

Tab. 5.20: Autoimmune-associated hepatobiliary diseases and their possible autoantibody constellations (s. tab. 33.1)
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rarely type III) and in mixed forms of CAH/PBC (80%
of cases). A high titre and sole occurrence is typical of
SMA-positive CAH. (s. tabs. 5.20; 33.1)

Fig. 5.12: Antibodies against smooth muscles (SMA) in auto-
immune chronic active hepatitis

12.5 Antibodies against liver-kidney microsomes
(LKM)

Autoantibodies against liver-kidney microsomal antigen
(LKM) � otherwise known as antigen against endo-
plasmic reticulum (AER) � were discovered in 1973 and
termed LKM 1 by both M. Rizzetto et al. and W.B.
Storch. (s. fig. 5.13) • In the meantime, 5 subtypes have
been differentiated. Autoimmune hepatitis type II is
classified as anti-LKM 1 subtype. The accepted target
antigen is a membrane lipoprotein of the rough and
smooth endoplasmic reticulum, in this context
cytochrome P 450 2D6. This rarely detectable antibody
is often found in high titres in younger patients with
chronic aggressive hepatitis. (123) • LKM 2 antibodies
have so far only been found in drug-related hepatitis
caused by the diuretic agent tienyl acid (J.C. Homberg et
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al., 1984). LKM 3 antibodies were found in chronic hepa-
titis D (O. Crivelli et al., 1983). (s. tabs. 5.20; 33.1)

Fig. 5.13: Antibodies (type 1) against microsomes from liver and
kidney (LKM) or against endoplasmic reticulum (AER). Anti-
genic substrate: kidney. Green fluorescence of the cytoplasm, par-
ticularly in the third segment of proximal tubules. The distal tu-
bules are negative (40 x) (134)

12.6 Antibodies against mitochondria (AMA)

AMA are heterogeneous nonorgan-specific as well as
organ-specific antibodies against antigens of the inner
and outer mitochondrial membrane. They were dis-
covered in 1965 (J. G. Walker et al.). These antibodies are
visualized in liver as well as in kidney tissue using
immunofluorescence. (s. fig. 5.14) • Various research
groups have meanwhile identified 9 different AMA sub-
types associated with different diseases. These anti-
bodies against subtypes have therefore achieved diag-
nostic and prognostic relevance. (s. tab. 5.21) The diag-
nosis of a PBC constellation showing a progressive tend-
ency should give rise to more intensive therapeutic
measures. (122, 126, 131)

Fig. 5.14: Antibodies against mitochondria (AMA) in primary
biliary cirrhosis (diffuse cytoplasmic fluorescence of renal tubuli
with additional antibodies against nuclei)

In primary biliary cholangitis, AMA were found in
95�100% of cases at high titres (>1 : 100). They usually
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AMA Incidence Antigen
specificity specificity

anti-M1 syphilis (stage II) iMM
anti-M2 primary biliary cholangitis (PBC) iMM
anti-M3 pseudolupus oMM
anti-M4 active PBC, CAH, AIH miC
anti-M5 collagenoses oMM
anti-M6 drug-induced CAH oMM
anti-M7 cardiomyopathies, AIH iMM
anti-M8 PBC: unfavourable prognosis oMM
anti-M9 PBC: favourable prognosis mcC

1. AMA�, anti-M2�
� confirmation of diagnosis of PBC

2. AMA�, anti-M2�, anti-M9�
� stages I and II, predominantly stationary course,

favourable prognosis
3. AMA�, anti-M2�, anti-M8�

� progressive course, unfavourable prognosis
4. AMA�, anti-M2�, anti-M4�, anti-M8�

� progressive course, cholestatic CAH, less favourable
prognosis

Tab. 5.21: Classification of AMA subtypes according to their pre-
sumed antigenic specificity and in relation to various diseases
(iMM � interior mitochondrial membrane, oMM � outer mito-
chondrial membrane, miC � mitochondrial internal compartment,
mcC � mitochondrial cytoplasmic compartment) • In other stud-
ies, AMA profiles were not confirmed as prognostic parameters

belong to the IgG class, and they are directed predomin-
antly against the M2 antigen of the inner mitochondrial
membrane. (131) Pyruvate dehydrogenase (PDH),
branched-chain ketoacid dehydrogenase (BCKD) and
ketoglutarate dehydrogenase (KGD) have meanwhile
been identified as autoantigens. AMA also appear in
chronic inflammatory liver diseases, in particular in cho-
lestatic forms. “Mixed-forms” of primary biliary cirrhosis
and CAH always have to be considered. (s. tab. 5.20) •
AMA of the subtype M5 are detectable in collagenoses. •
In hepatitis induced by iproniacid, AMA of the subtype
M6 were frequently found. Since iproniacid was taken off
the market, M6 antibodies have no longer been detected. •
A significantly elevated AMA titre often presents an early
sign of primary biliary cholangitis, long before clinical or
laboratory symptoms become manifest. In the case of
suspected PBC, subtypes (anti-M2, anti-M9, anti-M4 and
anti-M8) should be differentiated when AMA are posi-
tive. (s. tabs. 5.21; 33.1)

12.7 Antibodies against soluble liver protein
(SLA/LP)

These antibodies, detected by M.P. Manns et al. in 1987,
are targeted against soluble cytoplasmatic liver protein
as the target protein (SLA). (128) They are likely to be
the antibodies described earlier by P.A. Berg (1981),
which are directed against a liver-pancreas antigen (LP).
Anti-SLA-positive patients are always anti-LP-positive
as well. They are neither species-specific nor organ-
specific, but characteristic of the existence of an im-
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munologic disorder. Its (re-)occurrence can also point
to a new episode of disease. Anti-SLA or anti-LP are
presumably antibodies against cytosol, as first described
by W.B. Storch (1975). (133, 134) These antibodies may be
an additional subgroup of AIH (type 3). (s. tab. 5.20)
Other antibodies are generally detectable only in low
titres and frequency. In about 25% of cases, merely SLA
antibodies are present.

12.8 Antibodies against granulocytes (pANCA)

Perinuclear antineutrophilic cytoplasmatic antibodies
(pANCA) react mainly with the target antigen myelo-
peroxidase, but also with other antigens. An atypical
form of pANCA is xANCA, which does not react with
myeloperoxidase. This is a combination of cANCA and
pANCA, also described as “snowdrift pattern”. The
antibodies are seen as markers (75�85%) of primary
sclerosing cholangitis as well as of colitis ulcerosa and
panarteriitis nodosa. In Crohn’s disease, pANCA are
detectable in less than 10% of cases. pANCA are found
in 25�30% of relatives. Their presence in AIH type 1 is
helpful in differentiating pANCA-negative AIH type 2.
(125, 126, 132) (s. fig. 5.15)

Fig. 5.15: Antibodies against perinuclear antigens of granulocytes
(pANCA). Antigenic substrate: granulocytes. Counter-staining
with Evans blue. Green fluorescence of the perinuclear cytoplasm
of the granulocytes, red colouring of the lymphocytes (100 x) (134)

12.9 Antihistone-2B

Antihistone antibodies of the IgA type are significantly
correlated with PBC and AIH, occasionally with al-
coholic liver diseases. The antihistone antibody is a
nuclear antigen. (131) (s. tabs. 5.20; 33.1)

12.10 Anti-GOR

The anti-GOR antibody (S. Mishiro et al., 1990) is fre-
quently detected in the early stage of viral hepatitis
C. For more information about the “term GOR”, see
page 679! (s. tab. 33.1) (Personal information from S.
MISHIRO!).
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In borderline cases, immunological confirmation is al-
ways required, even if only 10�15% of chronic liver
diseases are of autoimmune pathogenesis. • Apart
from that, liver diseases are quite frequently superim-
posed by immunological epiphenomena, just as there
can be an overlap with collagenoses.

13 Biochemical algorithmic
diagnostics

From a biochemical viewpoint, three forms of activity
can be differentiated in hepatobiliary diseases: (1.) enzy-
matic activity, (2.) mesenchymal activity, and (3.) sero-
logical and immunological activity. (s. tab. 5.22)

1. Enzymatic activity
� GPT �, GOT �, GDH �, γ-GT �

2. Mesenchymal activity
� γ-globulins �
� immunoglobulins A, G, M �
� copper �
� procollagen-III-peptide �

3. Immunological activity
� hepatitis antigens/antibodies �
� immunoglobulins A, G, M �
� autoantibodies �

4. Histological activity

Tab. 5.22: Four forms of activity of hepatobiliary diseases

These do not necessarily correlate with one another �
in fact, they may even be present to a markedly different
degree, or they may not be detectable at all. Such differ-
entiated observations and interpretations of biochemical
findings provide a better insight into the pathophysio-
logical process and course of hepatobiliary diseases.
Based on the morphological findings, the pathologist
may add histological activity as a 4th form of activity
with varying degrees of intensity.

� In the case of suspected hepatobiliary disease, algo-
rithmic biochemical diagnostics, structured step-by-step,
has proved to be efficient and economical for diagnosis
or differential diagnosis. The biochemical mosaic be-
comes all the clearer, the more mutually complementary
and separate puzzlestones are inserted. The confirm-
ation of a hepatobiliary disease by means of clinical and
biochemical (as well as sonographic) findings is equally
possible in the doctor’s surgery and under clinical con-
ditions. During this procedure, biochemical parameters
have to be utilized in a targeted manner (and therefore
economically), adapted according to the relevant issue
and extended from a minimum programme into the pro-
gramme required. Hereby, enzyme-screening schemes
and enzyme ratios may be of additional diagnostic help.
Only single cases require parameters taken from the
maximum programme. (s. tab. 5.23)
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Tab. 5.23: Biochemical algorith-
mic programme for the diagno-
sis or differential diagnosis of
hepatobiliary diseases (12, 13)
(s. tabs. 5.6, 5.7, 5.11, 5.15,
5.17, 5.20, 5.21)
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6 Sonography

Ultrasonography is a routine examination measure in
the diagnosis of hepatobiliary diseases.

After years of experience with ultrasonography, a well-
trained sonographer will produce highly reliable results
in the field of liver imaging. • The method neither in-
conveniences nor harms the patient. Thus there is a
broad range of indications for examination by ultra-
sonography in patients with hepatobiliary diseases.
There are no contraindications. Specific diagnostic
statements, however, are rarely possible.

1 Physical principles
Mechanical oscillations of > 18,000 Hz are referred to as ultra-
sound. In solid bodies, sound waves spread longitudinally as well
as transversally; in fluids, gases or body tissue, however, waves only
spread longitudinally. The average velocity of sound conduction (v)
in tissues is approximately 1,500 m/sec.

v (m/sec) reflection

Air 331 99.88%
Fat 1,476 0.12%
Water 1,496 0.00%
Muscle 1,568 0.48%
Liver 1,570 0.30%
Bone 3,360 46.00%

Ultrasonic waves are generated by a piezoelectric crystal and emit-
ted via a sound-conductive medium. These waves are reflected,
broken, dispersed and absorbed by boundary layers. The piezo-
electric crystal also acts as a sound-wave receiver and registers the
modified ultrasonic waves (� reciprocal piezoelectric effect). They
are then converted into an electric signal and displayed by means
of oscilloscopic imaging.

This will result in wavelengths of 0.1 to 1.5 mm in the diagnostic
frequency range of 1 to 20 MHz. The 3.5 MHz range has proved
suitable for abdominal sonography based on the B mode (�
brightness mode). A 5 MHz transducer will increase the resolution
(0.6 mm axially, 1.2 mm laterally) but will also decrease the depth
of penetration of sound waves (10 cm). Resolution in tissues is
approx. 1 mm towards the sound beam (� axial) and 2�6 mm
perpendicular to the axis of the sound beam (� lateral). Reso-
lution thus depends on ultrasonic frequency and focus. An increase
in ultrasonic frequency therefore produces higher resolution and
greater penetration depth. • A linear scanner applies parallel sound
waves, while a sectorial scanner emits waves of a focal or curved
source. Both of these techniques rapidly produce images at a rate
of 30/sec (� real time). This allows (1.) direct monitoring of in-
ternal physical motion and (2.) mobile handling of the transducer
for dynamic portrayal and analysis of the image. In this way, the
image can be frozen at any stage for documentation purposes, or
the process of examination can be videotaped. (1)
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2 General principles and echo types

The sonographic technique is based on reflection; it
works by measuring and portraying differences of im-
pedance. Differences in acoustic characteristics of
structures and tissues are the basis of sonographic
differentiation.

The product of sonic speed in the respective tissue, together with
the specific tissue density, yields the acoustic impedance (� acous-
tic resistance). Each medium has its own value with regard to sonic
resistance. The partition between two media of different acoustic
impedance is termed acoustic interface (which should not be con-
fused with the anatomical interface). The magnitude of difference
of impedance determines the acoustic effectiveness of this in-
terface. • Continuous technical development in grading the degrees
of brightness of image points has made it possible to define the
different shades of grey between the two extremes of reflection,
black and white. Various organs, including the liver, exhibit charac-
teristic shades of grey. Connective tissue, fat deposition, liquids,
air or cellular infiltration will each alter the grey scale. This has
considerably improved the differentiation of both the organs and
the findings � thus a more exact diagnosis is guaranteed. (1)

Ultrasound impulses emitted into the body are reflected
by interfaces, so that boundaries of organs are received
as contour echoes, whereas internal heterogenicities of
organs are received as structure echoes. Analysis of the
echo structure is seen as a specific feature of ultra-
sonography. The sonic energy reflected by interfaces is
visible on the screen in the form of bright spots. • As a
rule, the echo represents an acoustic interface within a
solid structure. Sonography can differentiate between
various zones: (1.) hyperechoic, (2.) isoechoic, (3.) hypo-
echoic, and (4.) echofree. Echofree areas point to the
absence of acoustic interfaces, which as a rule corres-
ponds to a “liquid” consistency. (s. figs. 6.4, 6.11)

� The terms “hypodense”, “isodense” and “hyperdense”
depict pathological changes observed in CT. For physical
reasons, they are reserved for CT examinations and
should not be used in sonography. (s. p. 171)

3 Artefacts

Sonographic artefacts may at times impede the assess-
ment considerably. (47) Artefacts are mainly associated
with the method applied and hence can often be elimin-
ated simply by changing the examination technique. The
occurrence of artefacts is largely fostered by extensive
differences in acoustic impedance within a particular
substrate, especially in the abdomen. In some 5% of
cases, artefacts render sonographic examination impos-
sible. They may appear in multiple forms:
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1. amplification artefacts 5. mirror artefacts
2. arched artefacts 6. precursory artefacts
3. artificial sedimentation 7. repetitive echoes
4. contour aberrations 8. shadow zones

4 Section planes

The ultrasonographic examination of the liver is per-
formed on the basis of section planes. This investigation is
best carried out by adhering to a well-established system.
Movement, i. e. repositioning the transducer, should be
reduced in favour of tilting and requiring the patient to
breathe in deeply. (s. fig. 6.1)

Fig. 6.1: Section planes in the sonographic examination of the
liver: longitudinal sections (I-IV), transverse section (V), subcostal
section (VI), intercostal section (VII)

With the help of these different planes, it is possible to dis-
play numerous anatomical formations and structures. (s.
tab. 6.1)

5 Examination of the liver

5.1 Normal findings

The assessment of the liver is based on knowledge of
the sonographic anatomy as well as on external, internal
and dynamic criteria. Evaluation of sonographic results
must allow for the fact that normal findings vary with
body height, body weight, shape of the thorax, habitus
and age. (32�34, 81, 89) The normal liver parenchyma
reveals equal or marginally higher echogenicity than the
(right) renal parenchyma. (64) From the age of 60�65
onwards, the liver loses up to a third of its weight (“se-
nile atrophy”, F.Th. Frerichs, 1858). (s. tabs. 6.2, 6.3) (s.
fig. 6.2)

Close to the round ligament of the liver, the lower liver
margin is somewhat drawn in and rounded off. There is
a circular to oval, precisely circumscribed hyperechoic
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1. Longitudinal sections size, shape and internal
I, II structure as well as mo-

tility and compressibility
of the left lobe of liver

2. Longitudinal sections size, shape and internal
III, IV structure as well as mo-

tility and compressibility
of the right lobe of liver;
gall bladder, porta hepatis,
portal vein, inferior vena
cava, common hepatic duct

3. Transverse section V porta hepatis, falciform
ligament, left lobe of liver

4. Subcostal section VI internal structure of the
right lobe of liver with
portal vein, portal vein
branches and hepatic
veins; gall bladder, intra-
hepatic bile ducts

5. Intercostal section right lobe of liver with
VII subphrenic region

Tab. 6.1: Sonographic diagram of hepatobiliary structures and for-
mations using five section planes

Fig. 6.2: Normal liver with portal vein (VP), inferior vena cava
(VC) and right branch of the portal vein (RHA). Subcostal plane:
1 � left branch of VP; 2 � right branch of hepatic vein; 3 �
cranial diaphragm

change of structure, marking the border between the
right and left lobe of liver. The higher the fatty tissue
content of the round ligament of the liver, the more
striking this normal finding appears to be. (s. p. 171!)
Dorsal to this finding, a shadow zone may be generated
by the absorption of sound waves due to connective tis-
sue present at this site. • Likewise, the structure of the
falciform ligament as shown by ultrasonography must
be observed and correctly interpreted. (39) (s. figs. 6.3;
8.1!) • The papillary process of the caudate lobe (� seg-
ment I) may be misinterpreted as being a space-occupy-
ing proliferation. (43) • An enlarged Riedel’s lobe shaped
like a tongue (as a variation of the norm) may extend
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as far as the pelvic region. • The sonographic definition
of liver segments � particularly by means of laparos-
copic sonography � has proved valuable for surgical
procedures. (27, 37, 46, 80) (s. p. 138)

1. External criteria
� Shape (dorsal and ventral contour)
� Margin (inferior border of the liver)
� Surface
� Size (measuring of the right liver lobe in the MCL)
� Position (e. g. downward displacement due to pulmonary

emphysema)

2. Internal criteria
� Circumscribed alterations
� Internal structure
� Sound conduction
� Vascular structures
� Anatomical segmentation

3. Dynamic criteria
� Compressibility
� Pain upon palpation
� Respiration-related motility
� Vascular pulsations

Tab. 6.2: Criteria for the sonographic examination of the liver

Size 12± 3 cm in the MCL (vertical)
9± 1 cm in depth

Shape wedge-shaped
Margin right �75°, left �45°, sharp-edged
Surface smooth, slightly concave
Contour dorsally and ventrally extended
Internal structure fine homogeneous reflexes; somewhat

more echogenic than the kidney paren-
chyma, slightly less echogenic than the
pancreas; rather “dark” and “sharply
contrasted”; the area of the caudate lobe
is usually more hypoechoic

Quadrate lobe 43 ± 8 mm
Liver veins easily depictable as far as the periphery,

<6 mm, no wall echoes, lumen fluctu-
ations during Valsalva’s manoeuvre

Portal vein mostly <12 mm, ventral to the inferior
vena cava, marked wall echoes, branch-
ing distribution from the porta hepatis,
no respiratory modulation

Hepatic artery branching with pulsations in the porta
hepatis

Bile ducts thin, bright reflex bands, mostly demon-
strable (<4 mm; <50% of the ac-
companying portal vein branch)

Ductus choledochus �7 mm; following cholecystectomy and
in old age �11 mm

Tab. 6.3: Normal ultrasound findings of the liver. (The liver is an
organ rich in variation and thus the figures given should be seen
merely as points of reference to be treated individually)

5.2 Indications

In the case of suspected liver or biliary diseases, US
is always indicated. Sonography has become a routine
examination technique. (56, 75) (s. tab. 6.4)

128

Fig. 6.3: Falciform ligament of the liver: transverse and longitudinal
image (simulating “liver metastasis” with concomitant rectal car-
cinoma) (s. fig. 8.1!)

1. Diffuse liver diseases
� diagnostic confirmation ��
� detection of complications ��
� differentiation �
� malignant degeneration (�)

2. Circumscribed liver diseases
� diagnostic confirmation � � ��
� follow-up monitoring � � ��
� biopsy aid ���
� differentiation �
� diagnosis by exclusion (�)

3. Jaundice and cholestasis
� differentiation ��

4. Endoscopy or surgery
� prior clarification ��
� follow-up examination ��

5. Screening after abdominal trauma ��

6. Assessment of portal veins and hepatic veins �

7. Liver biopsy
� targeted biopsy ���
� targeted fine-needle biopsy ���

8. Perihepatic lymphadenopathy �

Tab. 6.4: Indications for sonography of the liver (accuracy or val-
idity: ��� � very high (>90%), �� � high (> 70%), � � mod-
erate (>50%), (�) � minimal, helpful in individual cases)

6 Diffuse liver diseases

A normal sonographic finding does not necessarily rule
out a diffuse liver disease (30% of cases). • The morpho-
logically normal liver exhibits 20�25% false-positive
ultrasonographic findings in terms of a diffuse liver dis-
ease. Indeed, in 35�40% of all ultrasound findings in the
liver, results can be classified as diffuse parenchymal pro-
cesses. Ultrasonography is no substitute for histology. •
Neither subclassification nor aetiological classification
of the various diffuse diseases of the liver is possible by
means of ultrasonography. There are, however, criteria
and constellations of findings which are typical of some
forms of disease. (6, 36, 42, 58, 87, 92)
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The increase in echogenicity (i. e. increase in density) of
a homogeneous, frequently coarsened structure with de-
creased sound conduction in the form of a “structurally
dense liver” is a reliable indicator of a diffuse liver dis-
ease. This increase in intensity and frequency of echoes
yields the image of a “bright (white) liver” (e. g. fatty
liver, haemachromatosis). A diffuse liver disease can
also be accompanied by a decrease in echogenicity,
which is why the hypoechoic liver is known as a “dark
liver” (e. g. acute liver congestion, acute viral hepatitis,
amyloidosis). (s. fig. 6.4)

1. reduced 1. even

2. irregular

3. speckled

4. dotted

2. loose

3. moderately enhanced

4. clearly enhanced

Reflex density Reflex distribution

Fig. 6.4: Structural changes in the hepatic parenchyma with regard
to reflex density and reflex distribution

� In terms of ultrasonography, various liver diseases
appear as diffuse changes in the parenchyma. They usu-
ally exhibit uncharacteristic findings. In cases where the
diagnosis is uncertain, particularly after employing CT,
liver biopsy (or laparoscopy) is then indicated:

1. acute hepatitis 6. congestive liver
2. chronic hepatitis 7. systemic haematological diseases
3. fatty liver 8. liver cirrhosis
4. metabolic diseases 9. granulomatous liver diseases
5. infectious diseases 10. diffuse metastatic spread

6.1 Congestive liver

The congestive liver is enlarged and tender upon pres-
sure. The hepatic veins are dilated (normal diameter of
the right hepatic vein is < 6 mm) and may be traced to
the periphery. The inferior vena cava is widened and no
longer exhibits the typical respiration-dependent double
pulsation. Characteristic of the chronic congestive liver
is the increase in echogenicity, so that during the pro-
gressive course of the disease, the findings can resemble
those of a micronodular cirrhosis. (see chapter 39.1)
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6.2 Fatty liver

The markedly enhanced echogenicity of the fatty liver
(“bright liver” or “large white liver”) is due to the high
number of water/fat interfaces. (s. fig. 6.5) • False-posi-
tive findings occur in roughly 20% of cases. In decreas-
ing hepatic steatosis (< 30%), the sensitivity of recogni-
tion is reduced accordingly. Sonographically, a fatty de-
posit is evidenced in > 20% of hepatocytes in about 90%
of cases. There is a good correlation between ultrasono-
graphy and histological results, as there is between
hypertriglyceridaemia and diabetes. The liver volume
measured by ultrasonography is elevated, a fact which is
also suggested by the rounded liver margin. The interior
structure is inhomogeneously coarsened (in contrast to
the kidney parenchyma), sound conduction continu-
ously decreases dorsad, and hepatic veins are poorly
imaged. In cases of pronounced fatty liver, the portal
vein can be dilated as a result of portal hypertension. In
20�30% of cases involving a fatty liver, the sonographic
findings are mistaken for liver fibrosis, haemochro-
matosis, micronodular cirrhosis, chronic hepatitis C,
thesaurismoses and systemic diseases. However, an
acute fatty liver of pregnancy usually produces a normal
sonographic image. • Occasionally, the distribution of
fat shows focal disorders. (s. figs. 8.2�8.4) A focal accu-
mulation of fat in the liver appears as a hyperechoic
area. In contrast, a focal reduction of fat within a fatty
liver displays a hypoechoic area, primarily ventral to the
hilus branching of the portal vein, often triangular in
shape, but also with a rounded form. (64) (s. figs. 6.12,
6.13) (see chapter 31.3)

Fig. 6.5: Pronounced fatty liver (so-called enlarged white liver)

6.3 Liver cirrhosis

Sonographic findings in liver cirrhosis are polymorphic
on account of the vastly differing individual hepatic
structures (loss of parenchyma, regenerative nodes, con-
nective tissue, fat depositions, compressed hepatic veins,
etc.). (s. figs. 6.6, 6.7)

The size of the cirrhotic liver varies between hepato-
megaly, normal finding and atrophy. The regular pro-
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Fig. 6.6: Liver cirrhosis with ascites (longitudinal section): the left
lobe of liver is rounded and plump; intrahepatic vessels are re-
duced. Irregular and inhomogeneous structure. Clear undulatory
limitation (arrow) on the underside due to nodular transformation.
Wide hypoechoic fringe due to ascites

portion of both liver lobes may have changed, resulting
in an asymmetric enlargement or reduction of the liver.
As a rule, ultrasonography shows the left lobe of liver
to be affected to a greater extent and to be larger than
the right lobe. The surface appears finely or roughly
coarsened � particularly when applying a 5 or 10 MHz
transducer. The contours can be seen as rounded edges
and are frequently shaped like a bird’s head. Echogenic-
ity is increased with reduced sound conduction. The
quadrate lobe (segment IV) often shows a reduced dia-
meter (< 30 mm). Since the caudate lobe is less affected
by this cirrhosis-related transformation due to its own
special blood supply, it appears enlarged, it is strikingly
hypoechoic and its contours are clearly delineated � a
finding which always points to cirrhosis. Prominent ar-
teries may represent the “pseudo double-barrelled-gun”
phenomenon. (cf. fig. 6.8) • The Doppler perfusion index
(DPI) is usually increased (E. Leen et. al., 1993). In cases
of pronounced cirrhosis, the sensitivity of sonography is
85�90% and it has a specificity of 80�95%. (2, 9, 16, 26,
34, 45, 59, 77, 79, 93, 105, 106) (see chapter 35)

6.4 Portal hypertension

Detection of portal hypertension (see chapter 14) is of
crucial importance in the diagnosis of cirrhosis. The
sensitivity is 76�80% and the specificity 100%. The fol-
lowing findings may be present: (1.) dilation of the por-
tal vein (> 1.5 cm), (2.) calibre leap between the extra-
and intrahepatic segments of the portal vein in the porta
hepatis (so-called portal vein amputation), (3.) dilation
of the splenic vein (> 1.5 cm), (4.) widening of the hep-
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atic artery, (5.) splenomegaly with contact between the
liver and spleen (s. p. 135), (6.) dilation and/or rigid cali-
bre of the superior mesenteric vein, (7.) detection of
collateral vessels, particularly in both the splenic and
the hepatic porta as well as in the anterior wall of the
stomach, (8.) thickening of the stomach wall to > 22 mm
(73) and of the gall-bladder wall (74), and (9.) recanal-
ization of the umbilical vein (s. fig. 6.7), which can be
traced to the umbilical region (� Cruveilhier-von
Baumgarten syndrome). (s. fig. 7.4) (23, 35, 93, 98)

Fig. 6.7: Alcohol-induced cirrhosis with recanalized umbilical vein
(� hypoechoic band: see arrow); (PV � left branch of the portal
vein; CPA � cockade of pyloric antrum) (s. fig. 14.12)

6.5 Portal vein thrombosis

Portal vein thrombosis (see chapter 39.3.3) with gradual
or incomplete obstruction merely produces anastomoses
and develops asymptomatically. After complete obstruc-
tion, ultrasonography will show paraportal, angiomatous
anastomoses, predominantly in the porta hepatis (�
cavernous transformation). (95) Splenomegaly is evi-
denced with a normal-sized liver. The portal vein is not
detectable. • Colour Doppler sonography has become of
paramount importance in portal vein system diagnostics.

6.6 Obstruction of hepatic veins

The Budd-Chiari syndrome (see chapter 39.2.1) as well
as hepatic vein obstruction (type VOD) are discernible by
the total absence of hepatic veins or by their diminished
lumen. The residual lumen of a vein often shows hyper-
echoic thrombotic material. Sometimes membraneous
webs of varying lengths consisting of hyperechoic struc-
tures with acoustic shadows are visible in the lumen of the
inferior vena cava. The liver is enlarged. Due to its own
venous drainage system, the caudate lobe (� segment I) is
noticeably augmented (normal 6.8 ± 1.3 cm) and usually
presents a hypoechoic structure. In most cases, ascites is
also present. (40, 71, 95)
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6.7 Jaundice

Diagnostic accuracy in differentiating between obstruct-
ive and nonobstructive jaundice (see chapter 12) can be
achieved in up to 90% of cases. (s. tab. 12.1) • Ultra-
sonography will reveal the cause of an obstruction in
30�60% of patients and localize this occlusion in al-
most all cases. (s. fig. 25.8!) Ultrasound shows the con-
gested intrahepatic bile ducts as resembling vessels
which run parallel to the portal vein branches and are
mostly found in a ventral position (so-called “double-
barrelled-gun phenomenon”). (s. fig. 6.8) These congested
bile ducts can also take on a “lakeland plain” pattern.
(s. fig. 6.9) Close to the porta hepatis, dilated bile ducts
may also appear in a radial pattern (so-called “wheel-
spoke phenomenon”). An extrahepatic occlusion is gen-
erally easier to recognize if there is a change in the
lumen of the common bile duct when Valsalva’s man-
oeuvre is applied. (67)

Fig. 6.8: Double-barrelled-gun phenomenon in obstructive jaun-
dice (see arrow)

6.8 Ascites

Ascites (see chapter 16) can be successfully diagnosed
even in small quantities (< 200 ml). Given a favourable lo-
cation (preferred sites), it is even possible to detect fluid
volumes of < 50 ml. • Such a preferred site of ascites is the
so-called Morrison’s pouch : the inferior surface of the
right lobe is anterior to the colon, and posterior to the
perirenal fatty tissue. It is separated from the latter by this
peritoneal recess, where a small amount of ascitic fluid
generally collects. Here it can be detected sonographically
at an early stage. • Ascites coats abdominal organs, es-
pecially the liver and the spleen, and is shown as an echo-
free fringe zone. (s. fig. 6.6) Occasionally, intestinal loops
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Fig. 6.9: Blockage and dilation of the intrahepatic bile ducts
(“lakeland plain”) in obstructive jaundice

float freely in the ascitic fluid, revealing the mesenteric at-
tachment (so-called “sea-anemone phenomenon”). In add-
ition, concomitant pleural effusion may be visible as an
echofree zone above the diaphragm. Similarly, pericardial
effusion can appear as an echofree zone at the cardiac
apex. As a result of adhesions, ascites is possibly discern-
ible in honeycomb-like compartments of various shapes
and sizes. (101)

7 Circumscribed liver diseases

Focal changes are detected by ultrasonography with a sen-
sitivity of 60�95%. The frequency of focal hepatic lesions
is 3 to 5% (up to 10%) of all ultrasonic scans. Sonography
does not allow a distinction to be made between benign
and malignant lesions. (19, 41, 55, 58, 61, 69, 72, 94, 99) • Focal
changes in echogenicity give rise to an inhomogeneous he-
patic structure. This can be caused by focal intrahepatic
findings, vascular abnormalities, protrusions of the liver
surface or circumscribed congestion of the bile ducts. The
greater the difference in acoustic characteristics and the
clearer the demarcation between focal changes and the
surrounding liver parenchyma, the easier it becomes to
detect such a focus by means of ultrasonography.
Calcium-dense foci of a diameter of 3�5 mm, cystic for-
mations of 5�8 mm and solid foci of 5�10 mm can there-
fore be identified. Such irregular permeation of the liver
with different tissue structures will result in a homo-
geneously irregular image in ultrasonography, resembling
a diffuse liver disease. • Detection of small foci close to the
capsule is easier if a 5 MHz transducer is used.

7.1 Echofree lesions

Echofree lesions are: (1.) cysts, (2.) abscesses as well as
necrotic colliquation of metastases, and (3.) fresh or re-
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liquefied haematomas. (48, 85) • Caroli’s syndrome (83),
Osler’s syndrome (95) and peliosis hepatis (54) may be
assigned to this class as well. These echofree lesions ex-
hibit distal sound amplification. (s. fig. 9.4)

Cysts (see chapter 36.4.14) are typically echofree,
round, with a smooth, thin, limiting wall; they show a
subsequent (dorsal) amplification of echo. Sizes of 0.5
cm and more can be clearly identified using ultrasound.
The prevalence of (dysontogenetic) congenital hepatic
cysts in the general population is 3�5%. They are
mostly found in the right liver lobe, more frequently in
women than in men, and are multiple in around 25% of
cases. The cysts are usually 1�3 cm in size. However,
they develop at differing rates and can grow to as much
as 20 cm in diameter. When they reach a certain size,
the cysts can have suppression effects within the liver
itself and also on adjacent organs. (s. figs. 6.10; 36.9)
Bleeding into the cysts can cause internal sedimentary
echoes in the cyst lumen. (11) • In autosomal dominant
polycystic liver disease (96), varying numbers of different-
sized cysts are found in the liver and in the kidneys,
sometimes also in the pancreas and the spleen. The
overall frequency is 0.5�0.8%. (s. figs. 8.6; 36.12) • Hy-
datid cysts often comprise daughter cysts with a doub-
ling of the wall contour. The echo image may be ex-
tremely heterogeneous. The cyst walls are sometimes
hyperechoic and thicker (with occasional calcification);
they mostly show a smooth contour. (20, 52) A typical
finding is the presence of smaller daughter cysts inside
the mother cyst, e. g. honeycomb pattern in type II b or
III. (s. figs. 25.15, 25.16) For purposes of sonographic
classification, it has proved beneficial to have five categ-
ories. (30)

Fig. 6.10: Liver cyst. (C � cyst; HV � hepatic vein; VC � inferior
vena cava; L � right lobe of liver; arrows � hyperechoic area be-
low the cyst) (s. figs. 8.6; 36.9)

Abscesses (see chapter 27) display fine interior echoes,
irregular shapes and blurred walls. There are repetitive
echoes (so-called “comet-tail phenomenon”). Differen-
tiation between an amoebic and pyogenic abscess is not
possible with sonography. In the light of the multiple
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aspects of ultrasound findings regarding abscesses, a
three-type classification system has been drawn up in
line with the respective internal structures, which has
been broken down further into types IIIb, IV and V. (38,
68, 91) (s. pp 175, 513) (s. figs. 6.11; 9.2; 25.1)

Type I: echofree Type II: hypoechoic

Type III b: hyperechoic
without sound amplification

Type III a: hyperechoic
with sound amplification

Type IV: mixed type Type V: reflective

Different types of abscesses

Fig. 6.11: Synoptic view of 5 different types of abscesses as shown
by means of sonographic examination (38)

7.2 Hypoechoic lesions

The following lesions may be hypoechoic: (1.) metas-
tases, (2.) liver cell carcinoma, (3.) adenomas, (4.) focal
nodular hyperplasia, (5.) abscesses, (6.) haematomas,
(7.) early liver infarction, (8.) foci showing reduced fatty
infiltration, (9.) lymphomas, and (10.) lipomas. In indi-
vidual cases, differentiation between a benign and a ma-
lignant structural defect may cause considerable diffi-
culties. (59) (s. fig. 9.4)

Adenomas (see chapter 36.4.1) are encapsulated hyper-
vascularized tumours. They have a smooth wall, are
variable in size and are round to oval. As a rule, they
are solitary (right more than left). They can be both
hypoechoic as well as (more rarely) hyperechoic, pos-
sibly due to bleeding within the adenoma.

Focal accumulation of fat is predominantly found either
near to the falciform ligament of the liver or to the por-
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tal branches as well as in segment IV. It appears as an
irregularly limited hyperechoic focus, which is often dif-
ficult to classify by differential diagnosis and can even
be misinterpreted as being malignant. Blood vessels run
normally. (31, 78, 97) (s. figs. 8.2�8.4) • Focal reduction
of fat in a fatty liver (in alcohol abuse, diabetes mellitus,
chemotherapy) is predominantly found close to the gall
bladder or the caudate lobe. Mostly it has a triangular
shape, and there is a vascular association. In rare cases,
it shows a round shape. (13) (s. figs. 6.12, 6.13)

Fig. 6.12: Focal reduction of fat in a fatty liver: hypoechoic, tri-
angular shape (see arrow) near to the right branch of the portal
vein (PV) and the gall bladder (GB); (VC � inferior vena cava)

Fig. 6.13: Focal reduction of fat in a fatty liver: hypoechoic round
shape (see arrows)

Focal nodular hyperplasia (see chapter 36.4.2) � as a
benign hepatocellular tumour � is mostly hypoechoic.
Occasionally, it can be differentiated as a protruding
contour or a pediculate liver tumour. Compression of
the surrounding liver tissue may be the cause of a visible
“capsule”, which actually has no anatomical structure
of its own. At a size of > 3 cm, fibrous septa and arteries
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can resemble a typical wheelspoke structure, often with
a clearly visible central core. • The blood circulation
within the tumour can be visualized by means of con-
trast medium: early arterial hyperperfusion is usually in
evidence. As a hypervascularized lesion, FNH some-
times has afferent arteries, which may surround the
lesion like a basket. (s. fig. 6.14)

Fig. 6.14: FNH: Hypervascularized internal structure with hyper-
echoic star-shaped scar (� wheele-spoke pattern)

Macronodular tuberculosis (51), granulomatosis of the
liver (60) and particularly liver metastases may likewise
appear as focal liver diseases with differing echogenicity.
Haematomas are initially hyperechoic, but turn hypo-
echoic when they liquefy within a few days, and even
become echofree at a later stage. “Older” haematomas
usually revert to being hyperechoic. (48, 85)

Lymphadenopathy: Enlarged abdominal lymph nodes
are frequently detectable in acute viral hepatitis (A�D)
and chronic hepatitis (B, C) � occasionally also in auto-
immune hepatitis, primary biliary cirrhosis and primary
sclerosing cholangitis. (12) Lymphadenopathy corres-
ponds to the histological stage of chronic hepatitis C.
(21) Sonographic determination of perihepatic lymph-
adenopathy predominantly in the hepatoduodenal
ligament (57, 118) is not regarded as a pathognomonic
sign of a underlying malignant disease.

7.3 Hyperechoic lesions

Hyperechoic lesions may be (1.) metastases, (2.) liver
carcinoma, (3.) cholangiocarcinoma, (4.) haemangioma,
(5.) hamartoma, (6.) nodular regenerative hyperplasia,
(7.) old haematoma, (8.) focal fatty infiltration, (9.)
echinococcus alveolaris, (10.) scarring, (11.) calcification
(s. fig. 9.4), and (12.) aerobilia (s. fig. 32.6).

Haemangioma (see chapter 36.4.4) � the most common
benign finding � is usually detected incidentally as a
homogeneous and frequently circular focal lesion. It is
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found in solitary or multiple (10�30%) form. The fre-
quency is 8 times higher in women than in men. The
preferred localization is close to the diaphragm or larger
vessels. A haemangioma does not produce any bio-
chemical variations from the norm. Occasionally, there
is an afferent or efferent vessel. • The typical haemangi-
oma (approx. 90%) has a diameter of 1�4 cm; it is uni-
formly hyperechoic (a white tumour like a “snowball”).
It forms a clearly defined yet irregularly shaped (“lobu-
lated”) surface with a distal amplification of sound. It
is often found close to a hepatic vein. It has no halo. A
centripetal filling in a high-flow haemangioma (like the
CT “iris diaphragm phenomenon”) can be detected
using echo contrast CHI. In a small number of cases
(< 0.5%) it may happen that a malignant tumour is hid-
den beneath the image of a haemangioma, and thus
goes unnoticed. (50) (s. fig. 6.15) • The atypical haeman-
gioma is indistinctly circumscribed and is usually larger
than 4 cm. The inhomogeneous hyperechoic internal
structure is caused by multiple acoustic interfaces
(cavernous cavities of blood, bleedings, thrombosis, or-
ganized tissues, etc.). Large haemangiomas may exhibit
the “chameleon phenomenon”: when the patient assumes
a different position, they change their echogenicity. (100)

Fig. 6.15: Typical haemangioma: hyperechoic density like a white
tumour (“snowball”) near to a hepatic vein (� red-coloured) (s.
figs. 8.5, 8.9; 36.6, 36.7)

Nodular regenerative hyperplasia (see chapter 36.4.3) is
also deemed to be a benign hyperechoic structural de-
ficiency. These multiple foci resemble grapes in their ap-
pearance and are found in the direct vicinity of vessels,
possibly causing portal hypertension. Foci are 1�3 cm
in size and may easily be confused with metastases.

Echinococcus alveolaris (see chapter 25.2.3.2) is a solid
and irregularly shaped focus. Inside, small cysts can be
differentiated. It exhibits infiltrating growth and can
imitate a malignant process.

Hepatocellular carcinoma (see chapter 37.3) is five times
more frequent in men than in women. Hypoechoic as
well as hyperechoic structural defects are observed, with
a variety of different sound qualities present in a single
tumour. The carcinoma may appear as a solitary or
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multiple phenomenon, at times also infiltrating dif-
fusely. HCC can be differentiated from regeneration
nodes by enhanced early-arterial perfusion of the con-
trast medium. However, there is a “chaotic” vascular
pattern (as opposed to that witnessed in FNH). The rate
of detection is 35�40% (< 1 cm diameter of the tumour)
and approx. 90% (> 1�2 cm in size). When applying
endoscopic or intraoperative ultrasonography (s. p.
138), the respective values are 86% and 98%! Most fre-
quently, hepatocellular carcinoma develops in cases of
liver cirrhosis (ca. 75%) or haemochromatosis (ca. 20%),
which further complicates the diagnostic process with
ultrasonography. (8, 22, 59, 76, 99, 100) (s. fig. 6.16)

Fig. 6.16: Hepatocellular carcinoma (subcostal section) with ex-
tended hypoechoic carcinoma (small arrows). Infiltration of the
portal vein (intrahepatic) (large arrow) as a pathognomonic sign
of liver cell carcinoma (�)

Liver metastases (see chapter 37.10) are depicted with
extreme variability under ultrasonography. They mostly
occur as multiple and less frequently as solitary tu-
mours. The spread of multiple small metastases is the
cause of a diffuse heterogeneous echoic pattern in large
parts of the liver without any distinct focal findings. The
echoic pattern of liver metastases varies between hypo-
echoic and hyperechoic � even within a single metastasis.
This spectrum of variation depends largely on the vas-
cularity and/or respective development of the tumour.
Occult metastases can be detected by measuring the
Doppler perfusion index (DPI). (49) Occasionally, there
are separate hypoechoic and hyperechoic structural de-
ficiencies with and without a halonated (hypoechoic)
margin, possibly due to the varying age of the tumour
with its intermittent metastatic spread. In some cases,
signs of infiltration are found in the adjacent liver tissue,
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biliary tract and vessels. The hypoechoic fringe embrac-
ing a more hyperechoic centre (the so-called “halo”) is
termed “target phenomenon”. By contrast, the “bull’s-
eye phenomenon” displays a hyperechoic fringe and a
hypoechoic or echofree (i. e. liquid) centre due to central
colliquation of a metastasis. (s. fig. 6.17) Calcified me-
tastases (particularly of a mucinous colorectal carci-
noma) are hyperechoic with sound extinction. (s. figs.
37.24, 37.25) Hyperechoic metastases are often found in
rectal or colon carcinoma, while hypoechoic metastases
are more often identified in mammary, pancreatic and
bronchial carcinoma. • There is no relation between the
sonographic criteria of a metastasis and the localization
or cell type of the primary tumour.

Fig. 6.17: Liver metastasis (subcostal section): hypoechoic fringe
(arrow); wide, more hyperechoic margin and hypoechoic central
colliquation (“bull’s-eye”). Structural inhomogeneity of the
remaining hepatic segments

Humps on the surface of the liver, displacement or com-
pression of intrahepatic vessels as well as bile ducts with
cholestasis are all known to be important signs of a tu-
mour. Central necrosis, bleeding, indistinct outlines and
the formation of branches in the vicinity are signs of a
high degree of malignancy or rapid tumourous growth.
• The precision of detection regarding metastases by
means of ultrasonography ranges from 44% to more
than 90%, with sensitivity varying from 40�80% and
specificity from 62�100%. Accuracy does not only de-
pend on the size and location of metastases, but also on
the type of the primary tumour. Metastases of 0.5 cm
upwards are detectable by ultrasonography. Tumourous
foci in the area of the left lobe of liver (as well as
subphrenic or right-sided foci) are easily overlooked.
Differential diagnosis between haemangioma or colo-
rectal metastasis may be difficult. (4, 15, 56, 99, 100)
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This synopsis of circumscribed structural defects
clearly shows that solid focal alterations may be
hypoechoic or hyperechoic as well as benign or ma-
lignant. • The value of ultrasonography is the actual
detection and not the definite specific diagnosis of
such focal findings!

The strategy generally applied in the diagnostic clari-
fication in the case of suspected “liver tumour” is
shown later in a flow diagram. (s. p. 196) (s. fig. 9.4)

8 Examination of the spleen

The spleen is hidden underneath the left costal arch.
Examination of the normal spleen (4 � 7 � 11 cm) using
ultrasonography (from the left side, through the inter-
costal window) is therefore quite difficult. The hump of
the spleen may be covered by aeriferous lung segments in
the phrenicocostal sinus. The weight of the spleen de-
pends on its respective blood content as well as on the
anatomy and gender of the individual; it varies from 120
to 200 g. The pole of the spleen has a length of up to 11
cm, and the spleen has a diameter of up to 5 cm. The
echogenicity is fine and homogeneous; the pattern can be
either looser or more dense than that of the liver. The nor-
mal spleen may show indentations or even flaps. Variable
sectioning facilitates the determination of the size of the
spleen in splenomegaly. (s. figs. 6.18; 11.1)

Fig. 6.18: Splenomegaly (S) in chronic myeloplastic leukaemia
(length � 21 cm, depth � 7.4 cm)

The most useful parameter for the diagnosis of spleno-
megaly using sonography is a splenic width of > 5 cm
(80% accuracy) or > 7 cm (100% sensitivity). The length
of the spleen in splenomegaly (> 11 cm) is used for
diagnostic orientation. In long-standing splenomegaly,
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the echo structure is coarsened. In liver cirrhosis, the
spleen is as a rule significantly enlarged. However, the
absence of splenomegaly in individual cases excludes
neither portal hypertension nor cirrhosis, since the release
of pressure may have been effected via collateral vessels.
Patency of the splenic vein or the portal vein excludes
thrombosis as a cause of splenomegaly. (see chapter 11)

9 Special sonographic techniques

9.1 Sonography-guided puncture

Liver changes of uncertain aetiology, whether of a diffuse
or local nature, require histological clarification. This is
particularly important if therapeutic consequences or
prognostic statements are to be derived. For this purpose,
the following possibilities exist: (1.) fine-needle biopsy
with cytological or microbiological examination (3, 10, 24,
25, 82) or (2.) thick-needle biopsy with histological or
histochemical evaluation. (8, 65, 102) For diagnostic and
especially for therapeutic purposes, there is also (3.) punc-
ture of lesions (cysts, abscesses) with the possible place-
ment of a drainage and the application of antibiotic lavage
as well as the injection of cytostatics or alcohol into the
tumour region, or the injection of substances to promote
the sclerosing of cysts. (s. tab. 7.3)

The external diameter of the customary fine needle is
< 1 mm. A Chiba needle is generally used, although this
is only suitable for obtaining cytological material. Diag-
nostic assessment of the bioptic material requires special
experience of cytology. • Using the incisive biopsy can-
nula (diameter ca. 1 mm), a narrow biopsy cylinder can
be extracted, which is processed and assessed in the
usual histological manner. As opposed to Chiba cyto-
logy, this bioptic method therefore allows a more reli-
able assessment of the benignancy or malignancy of a
liver tumour.

Method

There are three ways of proceeding:

(1.) Free puncture: Puncture or biopsy needle and sound trans-
ducer are not connected mechanically.

(2.) Linked puncture: Biopsy is performed using needle forceps
attached to the side of a sound transducer. The passage of the
needle and the targeted focus are shown on a monitor using a
sight line. The puncture path is at an angle (adjustable as re-
quired) to the propagation of sound, i. e. the sound follows a
different path from the biopsy needle.

(3.) Linked puncture with central perforation of the linear sound
transducer. Needle and sound follow the same route. The visi-
bility of the needle is not as good as when the biopsy needle is
introduced into the sound field from the side.

For the assessment of focal hepatic alterations, it is pref-
erable to use needles with which one can obtain cyto-
logical as well as histological material in one session,
namely with the help of fine-needle technology (e. g.
Trucut bioptic gun, 21 G). A further development is to
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be seen in the self-activating vacuum needle, which, as
a fine needle, ensures a high degree of accuracy in ob-
taining tissue for histological examination. Use of the
Chiba needle, which was widespread in the past, now
tends to be less common.

Contraindications include coagulation disorders, superfi-
cial hyperechoic foci (e. g. haemangioma), vascular an-
eurysm, portal hypertension, obstructive jaundice and
hydatid cysts. Care should also be taken not to damage
any unknown structures along the path of the biopsy
needle.

Possible complications are (1.) bleeding, (2.) spread of
tumour cells into the puncture channel (0.05%), (3.)
mismanaged biopsy as well as possible injury or perfor-
ation of other organs, (4.) spread of infectious materials
from abscesses, and (5.) bile peritonitis. The frequency
of these complications is approximately 0.5% and the
lethality approximately 0.08%. Hepatic haematoma re-
sulting from puncture can be detected by ultrasono-
graphy provided it is large enough and subsequently
monitored in the follow-up. (48, 85) Occurrence of pain
in the region of the liver after puncturing is a strong
indication for ultrasonography.

� Percutaneous “blind” biopsy, formerly used in Men-
ghini’s technique, is today considered obsolete; it has
been replaced by sonography-assisted liver biopsy. As a
consequence, the safety of biopsy has been significantly
improved. (s. p. 149)

9.2 Limitations and complementary procedures

The results presented so far in the literature concerning
the sensitivity and specificity of ultrasonography un-
doubtedly reflect the success of the respective investi-
gators following many years of experience. The accuracy
of such results (given as a percentage) should, however, al-
ways be seen in relative terms, and any general statements
made in this connection should be qualified to obtain a more
realistic mean value.

� Diagnostic expectations regarding ultrasonography in
liver diseases are quite frequently exaggerated. Hence
the critical interpretation of results is all too often neg-
lected, and false-positive or false-negative conclusions
are drawn all too hastily. Even when there is the slightest
doubt regarding the interpretation of findings, the
examination should be carried out again: repeated in-
vestigations will improve the accuracy.

� Under optimal conditions, focal lesions of a diameter
of 5 mm upwards can be identified. Liver metastases at
varying stages can only be detected in 50�60% of cases.
• If the assessment of focal hepatic changes is not pos-
sible with ultrasonography � even after colour-encoded
duplex sonography � the indication for computer tomo-
graphy (CT) is given. Indeed, the new spiral CT genera-
tion with i.v. injection of contrast medium provides ex-
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cellent vascular representation. The differentiation of fo-
cal and malignant as well as vascular alterations of the
liver is thus achieved in a way previously not thought
possible. (s. p. 173) • Magnetic resonance imaging (MRI)
has gained increasing importance since the introduction
of T2 contrast medium (iron-[II, III]-oxides) as well as
of MRI angiography; this imaging technique needs to be
redefined from the hepatological point of view. (s. p.
177) • For the differential diagnosis of focal nodular
hyperplasia versus adenoma, a scintiscan is indicated. (s.
p. 194) • If diagnostic explanation has not been provided
by means of these complementary examinations, the in-
dication for laparoscopy with targeted biopsy (possibly
with forceps biopsy) has to be considered. (s. p. 150)

9.3 Colour-encoded Doppler sonography

When reflected by mobile particles, sound waves undergo
a shift of frequency proportional to the velocity of these
particles (� Doppler effect).

1. Signs of liver cirrhosis
2. Diagnosis of portal hypertension (with detection

of hepatofugal flow as well as the slowing down
of blood flow in the portal vein)

3. Confirmation of collateral circulation (e. g. um-
bilical vein, veins of the gall-bladder wall) or flow
reversal with centrifugal refluxes

4. Unclear splenomegaly
5. Suspected partial or complete thromboses of the

splenic-portal vascular bed
6. Budd-Chiari syndrome or veno-occlusive disease
7. Vascular system in liver tumours, tumour com-

pression
8. Diagnosis of focal hepatic lesions (low or high

number of blood vessels)
9. Assessment of a portosystemic shunt

10. Gastrointestinal bleeding of unknown cause
11. Internal or external head of Medusa
12. Assessment of the portal vein system before and

after liver transplantation
13. Variations or malformations in the portal vein

system (or visceral arteries)
14. Suspected Cruveilhier-von Baumgarten syndrome
15. Suspected cavernous transformation (formation

of multiple venous collaterals close to the hepa-
tic porta)

16. Therapeutic assessment of the vascularization of
liver tumours after surgical interventions, chemo-
embolization or parenteral chemotherapy

Tab. 6.5: Indications for colour-encoded Doppler sonography

The development of Duplex sonography is based upon the
combination of conventional 2D grey-scale sonography
with the 1D Doppler effect. This facilitates the one-
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dimensional determination of the direction, velocity and
volume of flow. (18, 44, 66, 70, 88, 90, 103, 104, 106) • The intro-
duction of colour-encoded Doppler sonography (CEDS) in
1987 can be attributed to a combination of 2D Doppler
sonography with real-time grey-scale sonography. Both
the volume and the direction of the blood flow are repre-
sented semiquantitatively by way of colour encoding
(with different shades of brightness). The method is de-
pendent upon the relationship between the vascular
course and the transducer (red � blood flow towards the
probe, blue � blood flow away from the probe). (5, 7, 28,
29, 62, 63, 84) (s. fig. 6.19) • The portal vein blood flow is
centripetal and slightly pulsatile; the mean velocity of
flow was measured as 15.2 � 2.6 cm/sec, representing a
flow volume of 693 � 235 ml/min. (s. fig. 6.20)

Fig. 6.19: Portal vein (PV) and division into the right (RP) and left
(LP) portal vein trunk (subcostal section)

Fig. 6.20: Portal vein flow depicted by means of spectral analysis
(velocity of flow � 11cm/sec); hepatopetal flow is shown in red

The volume only increases slightly during expiration, but
significantly after eating (880 � 269 ml/min). Portal hy-
pertension can be most reliably determined by measuring
the flow volume prior to and following a test meal. (53) •
In the case of suspected pathological findings in the area
of the splanchnic vessels, colour-encoded Doppler sonog-
raphy is indicated. This investigation method will incorp-
orate the portal vein system, hepatic veins, splenic vein,
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superior mesenteric vein and coeliac artery as well as the
arterial vascular system. (s. tab. 6.5) (s. figs. 6.14; 14.13;
35.12)

The use of signal amplification with the help of ultra-
sound contrast medium provides a considerably improved
depiction of portohepatic vessels as well as the perfusion
of hepatic tumours. • Microbubbles are used as a contrast
medium. The echo signal is amplified by increased back-
scattering of ultrasound waves caused by the microbub-
bles. This technique is based on observations made by the
cardiologist C.R. Joyner, jr. (1966). Up to now, the medium
of choice has been a galactose solution (99.9%) sus-
pended in palmitic acid, the latter being used to stabilize
the microbubbles. It is administered as a bolus injection
or intravenously. (17, 100)

Particularly colour-power sonography makes it easier to
identify small and deeply-set vessels as well as poorly
vascularized focal tumours reliably. The procedure does
not replace CEDS, but serves to complement it. (14, 86)

The following sonographic procedures can be applied,
depending on the specific tasks and objectives (s. tab.
6.6):

1. Conventional sonography
2. Doppler sonography

� Duplex sonography
(combination of 2D conventional sonography with 1D
Doppler sonography)

� colour-encoded sonography
(combination of real-time grey-scale sonography with
2D colour-encoded real-time Doppler sonography)

� Doppler-power sonography
� contrast medium signal-enhanced Doppler sonography

3. 3D Doppler sonography

Tab. 6.6: Sonographic examination procedures

9.4 Endoscopic sonography

Endoscopic ultrasonography promises greater accuracy
as it involves placing a specialized sound transducer dir-
ectly on the liver by means of laparoscopy or surgery.

Laparoscopic sonography: As early as 1975, D. Look et
al. showed the gall bladder, using the A-scan mode of
ultrasonography via the laparoscope. In 1980 Y. Furu-

kawa et al. described laparoscopic ultrasonography by
employing the B-scan mode. Initially, optic lenses were
employed, before being substituted later by linear
probes. In 1989 F. Fornari et al. reported on the laparo-
scopic application of a rotating sectorial scanner. (108)
Here a linear sound transducer (7 MHz) attached to
a rigid shaft by means of a flexible segment produced
optimum results. This routine has the advantage of a
wider scope of motility and improved orientation inside
the gas-filled abdomen � without significant additional
inconvenience to the patient. • Laparoscopic ultrasono-
graphy not only detects intrahepatic foci � with the pos-
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sibility of targeted biopsy � but it also allows better
matching of a focal lesion with the respective segment
as well as more reliable preoperative tumour staging. •
This procedure is also of advantage for the intraoper-
ative application of ultrasonography in the detailed
search for intrahepatic foci as well as in the intraoper-
ative depiction of segmental borders. (107�118)

Intraductal ultrasonography: IDUS involving flexible
miniature ultrasound probes with a diameter of approxi-
mately 1.5�2 mm (7.5�20 MHz) will expand the diag-
nostic spectrum concerning pathological processes in
the larger bile ducts. The choledochus can usually be
examined up to the hepatic duct. The identification rate
of malignant or benign findings is high (accuracy 92%,
sensitivity 90%, and specificity 93%. (119�123)
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2. Aubé, C., Oberti, F., Korali, N., Namour, M.-A., Loisel, D., Tanguy, J.-

Y., Valesia, E., Pilette, C., Rousselet, M.C., Bedossa, P., Rifflet, H.,
Maiga, M.Y., Penneau-Fontbonne, D., Caron, C., Cales, P.: Ultrasono-
graphic diagnosis of hepatic fibrosis or cirrhosis. J. Hepatol. 1999; 30:
472�478

3. Badea, R., Badea, Ch., Galtar, N., Cracium, C., Marin, M., Buchen,
M.: Die Bedeutung der aspirativen Feinnadelbiopsie in der Präzisierung
ultraschalldiagnostizierter Lebertumoren. Untersuchungen an 165
Patienten. Z. Klin. Med. 1991; 46: 1489�1493

4. Becker, D., Strobel, D., Hahn, E.G.: Tissue harmonic imaging and con-
trast harmonic imaging. Improving the diagnosis of liver metastasis.
Internist 2000; 41: 17�23

5. Blank, W., Braun, B.: Gewebsdiagnostik durch Dopplersonographie.
Bildgebung 1995; 62 (Suppl. 1): 31�35

6. Bleck, J.S., Gebel, M., Manns, M.P.: Quantitative sonography. Clinical
role and perspectives. Internist 2000; 41: 10�16

7. Bolondi, L., Gaiani, S., Li Bassi, S., Zironi, G., Bonino, F., Brunetto, M.,
Barabara, L.: Diagnosis of Budd-Chiari syndrome by pulsed Doppler
ultrasound. Gastroenterology 1991; 100: 1324�1331

8. Bolondi, L., Gaiani, S., Benzi, G., Rigamonti, A., Fusconi, F., Barbara,
L.: Ultrasonography and guided biopsy in the diagnosis of hepatocellu-
lar carcinoma. Ital. J. Gastroenterol. 1992; 24: 46�49

9. Bolondi, L., Zironi, G., Gaiani, S., Li Bassi, S., Benzi, G., Barbara, L.:
Caliber of splenic and hepatic arteries and spleen size in cirrhosis of
different etiology. Liver 1991; 11: 198�205

10. Buscarini, L., Fornari, F., Bolondi, L., Colombo, P., Livraghi, T., Mag-
nolfi, F., Rapaccini, G.L., Salmi, A.: Ultrasound-guided fine-needle bi-
opsy of focal liver lesions: techniques, diagnostic accuracy and compli-
cations. A retrospective study on 2091 biopsies. J. Hepatol. 1990; 11:
344�348

11. Caremani, M., Vincenti, A., Benci, A., Sassoli, S., Tacconi, D.: Eco-
graphic epidemiology of non-parasitic hepatic cysts. J. Clin. Ultrasound
1993; 21: 115�118

12. Cassani, F., Zoli, M., Battoni, L., Cordiani, M.R., Brunori, A., Bianchi,
F.B., Pisi, E.: Prevalence and significance of abdominal lymphadenopa-
thy in patients with chronic liver disease: an ultrasound study. J. Clin.
Gastroenterol. 1990; 12: 42�46

13. Caturelli, E., Squillante, M.M., Andriulli, A., Cedrone, A., Cellerino, C.,
Pompili, M., Manoja, E.R., Rapaccini, G.L.: Hypoechoic lesions in the
“bright liver”: a reliable indicator of fatty change. A prospective study.
J. Gastroenterol. Hepatol. 1992; 7: 469�472

14. Cedrone, A., Pompili, M., Sallustio, G., Lorenzelli, G.P., Gasbarrini, G.,
Rapaccini, G.L.: Comparison between color power Doppler ultrasound
with echo-enhancer and spiral computed tomography in the evaluation
of hepatocellular carcinoma vascularization before and after ablation
procedures. Amer. J. Gastroenterol. 2001; 96: 1854�1859

15. Charnley, R.M., Morris, D.L., Dennison, A.R., Amar, S.S., Hardcastle,
J.D.: Detection of colorectal liver metastases using intraoperative ultra-
sonography. Brit. J. Surg. 1991; 78: 45�48

16. Colli, A., Fraquelli, M., Andreoletti, M., Marino, B., Zuccoli, E., Conte,
D.: Severe liver fibrosis or cirrhosis: accuracy of US for detection.
Analysis of 300 cases. Radiology 2003; 227: 89�94

17. Cosgrove, D.O., Blomley, M.J.K., Jayaram, V., Nihoyannopoulos, P.:
Echo-enhancing (contrast) agents. Ultrasound Quart. 1998; 14: 66�75

18. D’Alimonte, P., Cioni, G., Cristani, A., Ferrari, A., Ventura, E., Romag-
noli, R.: Duplex-Doppler ultrasonography in the assessment of portal
hypertension. Utility of the measurement of maximum portal flow vel-
ocity. Radiology 1993; 17: 126�129

19. Delorme, S., Kaick, van, G.: Sonographie fokaler Leberveränderungen.
Praktische Hinweise für die Differentialdiagnostik. Radiologe 1992;
32: 198�206



Sonography

20. Didier, D., Weiler, S., Rohmer, P., Lassegue, A., Deschamps, J.P., Vuit-
ton, D., Miguet, J.P., Weill, F.: Hepatic alveolar echinococcosis: correla-
tive US and CT study. Radiology 1985; 154: 179�186

21. Dietrich, C.F., Stryjek-Kaminska, D., Teuber, G., Lee, J.H., Caspary,
W.F., Zeuzem, S.: Perihepatic lymph nodes as a marker of antiviral re-
sponse in patients with chronic hepatitis C infection. Amer. J. Roent-
genol. 2000; 174: 699�704

22. Dodd, G.D., Miller, W.J., Baron, R.L., Skolnick, M.L., Campbell, W.L.:
Detection of malignant tumours in end-stage cirrhotic livers: efficacy of
sonography as a screening technique. Amer. J. Roentgenol. 1992; 159:
727�733

23. Dökmeci, K., Kimura, K., Matsutani, S., Ohto, T., Tsuchiya, Y., Saisho,
H., Okuda, K.: Collateral veins in portal hypertension: demonstration
by sonography. Amer. J. Roentgenol. 1981; 137: 1173�1177
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7 Liver biopsy and laparoscopy

1 Liver biopsy

Exceptions apart, it is impossible or nearly impossible
to meet the essential target of a detailed diagnosis for
hepatobiliary disease without additional histological
sampling. Morphological diagnostics is based on three
examination methods, the diagnostic relevance of which
can be improved with a number of additional techniques.
(s. tab. 7.1)

Examination methods

1. Liver biopsy
a. percutaneous biopsy

� ultrasound-guided biopsy
obsolete: percussion-guided biopsy

b. rare: � transjugular venous biopsy
� transfemoral venous biopsy

2. Laparoscopy
a. without biopsy
b. with guided thick needle biopsy
c. with guided fine needle biopsy
d. with guided forceps biopsy

3. Fine needle biopsy
a. ultrasound-guided
b. computer tomography-guided

Additional techniques

1. Photodocumentation for every laparoscopy
2. UV-light examination of each liver biopsy specimen
3. Special morphological processing

a. various staining techniques
b. histochemical methods
c. immunohistochemical stains
d. immunofluorescence examinations

Tab. 7.1: Morphological examination methods and additional
techniques for the clarification of hepatobiliary diseases

� For this reason, the aim should always be a combin-
ation of clinical, laboratory, sonographic and morpho-
logical diagnostics. This is important because mor-
phological changes in the liver can remain concealed
from clinical and laboratory detection � just as strik-
ing laboratory findings are not necessarily reflected
in the bioptic material. • Moreover, liver bioptic
material is not always representative of the underlying
liver disease or the actual normality of the liver
parenchyma � whereas an increase of GPT in the
individual case always points to liver cell damage. •
Even if sonography is deemed to be a routine examin-
ation in clarifying hepatobiliary diseases, it cannot
provide any histological statement.
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1.1 Historical development
� In cases of purulent echinococcus, puncture of the liver was
carried out by Récamier as early as 1825 and by Stanley in 1833.
In 1844, the diagnostic opportunities of liver biopsy were discussed
in France by A. G. M. Vernois. • In his book “On diabetes” (1884),
F. Th. Frerichs reported on the first liver biopsy, which was carried
out by P. Ehrlich in Berlin in 1880. This publication included illus-
trations of the biopsy instruments used and the liver tissue re-
moved. • In 1895 L. Lucatello reported on liver biopsy as a
method of diagnosis, the cytomaterial being examined as smear
or teased-out preparation. Using the thicker needle developed by
F. Schupfer (1907), successful liver and spleen biopsies were carried
out, so that the tissue cylinder could be assessed histologically as
well. (140) A. Josefson (1920) also succeeded in performing liver
biopsies in some cases. (73) A. Bingel (1923) (8) and J. Olivet (1926)
(114) reported from the same hospital on systematically performed
liver biopsies. • A new aspiration method with modified biopsy
needles was presented by I. Silverman (1938, 1954) (144) as well as
by P. Iversen and K. Roholm (1939). (67) Yet even this new technol-
ogy failed to help liver biopsy achieve full recognition as a clinical
method despite the fact that W. Kofler (1940) had termed liver
biopsy “a useful and clinically important examination method” on
the basis of over 100 specimens. (77) • The following years wit-
nessed more publications on this examination method. (3, 5, 32,
48, 109, 128, 156, 169�171) Nevertheless, liver biopsy was almost
completely excluded from the world of clinical diagnosis. (s. tab. 7.2)

First performance of liver biopsy
1880 P. Ehrlich Berlin1)

1895 L. Lucatello Roma2)

1907 F. Schupfer Firenze2)

1923 A. Bingel Braunschweig1)

Second stage in method development
1926 J. Olivet Marburg1)

1935 P. Huard et al. Paris7)

1938 I. Silverman New York3)

1939 E. Baron New York3)

1939 P. Iversen et al. Kobenhavn4)

1940 W. Kofler Wien5)

1943 J. H. Dible et al. London8)

Third stage as Menghini technique
1957 G. Menghini Perugia2)

1958 G. Menghini Perugia2)

Ultrasound- and CT-guided biopsy
1964 Wang Hsin-Fang et al. Shanghai6)

1972 S. N. Rasmussen et al. Hjallerup4)

1976 J. R. Haaga et al. Cleveland3)

1983 L. Greiner et al. Wuppertal1)

Tab. 7.2: Historical development of percutaneous liver biopsy
(1 � Germany; 2 � Italy; 3 � USA; 4 � Denmark; 5 � Austria;
6 � China; 7 � France; 8 � Great Britain) (city names are given
in the original language)

� In 1957 (not 1958 as is usually and wrongly quoted!)
G. Menghini presented the first report on a new biopsy
method: using thin-walled, small calibre needles with a
sharply slanting bevel and without a trocar, it was pos-
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sible to puncture the liver in a split second (so-called
“one-second needle biopsy”). (104) This new concept
brought acclaim and led finally to the application of
liver biopsy worldwide. • In this way, Menghini biopsy
marked the birth of histological liver diagnostics.

1.2 Indications

The first and most important prerequisite for avoiding
complications is a precise indication. • This differs
from case to case � and the relative importance of
the indication (weighting) varies individually from
“minimal” to “absolutely necessary”.

� Percutaneous liver biopsy ranks highly as a diagnos-
tic method. The experience gained over many years in
all sorts of locations has culminated in an exact def-
inition and confirmation of the specific indication. (12,
15, 19, 24, 44, 51, 63, 65, 66, 71, 72, 81, 84, 87, 90, 92, 97, 107,
110, 111, 120, 129, 134, 138, 139, 145, 149, 153, 158, 162, 166, 170,
175, 176) (s. tab. 7.3)

� The indication for carrying out a liver biopsy is in
principle given if:
(1.) a definitive diagnosis cannot be drawn up based on
anamnesis together with clinical, laboratory and sono-
graphic findings or other imaging procedures (66, 111,
145, 149),
(2.) it is likely to provide significant information con-
cerning the patient with regard to therapy or prognos-
tics on the basis of morphological findings,
(3.) during the course of laparoscopy, further important
findings are likely to be found from a biopsy,
(4.) laparoscopy is indeed indicated, but it poses a
greater risk and therefore has to be converted into a
non-contraindicated liver biopsy,
(5.) additional morphological clarification can be ac-
quired without any difficulty during a cholecystectomy,
particularly with suspected concomitant hepatobiliary
disease (100, 126, 181),
(6.) it is necessary to identify and assess diseases in the
transplanted liver, such as acute and chronic (so-called
ductopenic) rejection reactions, inflammatory or vascu-
lar processes as well as recurrence of the basic disease,
(7.) there is fever of unknown aetiology with liver in-
volvement, whereby diagnostic clarification may be at-
tempted by means of bacterial cultures. (63, 97)

� Furthermore, histological immuno- or histochemical
processing of the liver material procured by biopsy is of
extremely high value for gaining new scientific insight.

� It must, however, be considered that a biopsy punch
of 1.5�3.0 cm in length is proportionate to approx. 1/
50000th of the normal liver volume (J. Volmer et al., 1981).
For histological assessment, the punch should be > 1.5
cm long and include at least 4 portal fields; the weight
of such a bioptate generally amounts to 20�30 mg. The
smaller the sample, the more difficult is the histological
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1. Unclarified cholestasis
2. Unclarified non-obstructive jaundice
3. Unclarified laboratory results
4. Acute hepatitis

� with anicteric course
� with atypical course
� with issues relating to differential diagnosis
� to check course and therapy
� to furnish proof of healing
� to detect posthepatic sequelae

5. Chronic hepatitis (28, 120)
� validation of diagnosis
� to ascertain the degree of activity and severity
� with issues relating to differential diagnosis
� prior to interferon therapy
� to check course and therapy

6. Toxic liver damage
� validation of diagnosis
� to ascertain the extent of liver damage
� to control course and therapy

7. Fatty liver
8. Thesaurismosis and metabolic diseases

e.g. haemochromatosis (91), porphyria (16)
� for differential diagnosis
� to ascertain the extent of liver damage
� to check course and therapy

9. Suspected infectious liver damage
� in viral, bacterial or parasitic liver damage
� in AIDS (99, 132)

10. Suspected granulomatous liver diseases
11. Histological assessment

� prior to commencement of potentially
hepatotoxic medication

12. Condition after liver transplantation
(23, 46, 139, 147, 160)

Tab. 7.3: Indications for liver biopsy � unless definitive validation
is possible by other procedures. • The diagnostic significance of an
indication is different in each individual case and can be categorized
in steps ranging from “of little significance” through to “very import-
ant” or “absolutely necessary”

assessment; at a length of < 1.5 cm diagnostic reliability
drops to < 60%, at a length of < 0.5 cm it is only
20�40%. • It must also be considered that a disease of
the liver is not necessarily expressed evenly, so that the
biopsy punch may indeed suffer from a certain degree
of unreliability. Above all, this applies to chronic hepa-
topathy. The varying expressivity of chronic hepatitis
was already detected in 1962 (!) by L. Wanagat (s.p. 181).
• It must furthermore be considered that in the case of
percutaneous biopsy, only a limited area in the right lobe
of liver can be reached. (s. fig. 7.8) Thus histological fin-
dings should actually be limited to this biopsy site alone.
In every laparoscopy with non-distinct focal lesion or
insufficiently diffuse expressivity, we have always taken
one (or two) bioptates from the right as well as the left
lobe of liver. We have often discussed the variability in
biopsy findings with a pathologist, and occasionally the
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pathologist even had doubts as to whether the bioptates
were indeed taken from the same patient! The reduced
reliability of a percutaneous biopsy sample has been re-
peatedly referred to in the literature (1, 6, 64, 96, 148, 171)
� but too little attention is paid to this fact!

1.3 Contraindications

The second important prerequisite for avoiding com-
plications is to exclude contraindications. (s. tab. 7.4)

1. Clotting disorders
2. Cardiac insufficiency
3. Respiratory insufficiency
4. Cerebral insufficiency

5. Thoracic empyema (right), subphrenic abscess
(right), pleuropneumonia (right)

6. Purulent cholangitis
7. Obstructive jaundice and cholestasis with

dilated bile ducts
8. Portal decompensated liver cirrhosis
9. Ascites

10. Peritonitis
11. Focal liver findings

� Polycystic liver
� Echinococcosis

12. Increased bleeding tendency
� Leukaemic infiltrates of the liver
� Osteomyelosclerosis
� Amyloidosis of the liver
� Haemangioma
� Adenoma
� Malignant foci

13. Anatomic features
� Liver positioned on edge (transverse rotation of liver)
� Diaphragmatic hernia (right)
� Diaphragmatic paresis (right)
� Diaphragmatic relaxation (right)
� Severe pulmonary emphysema
� Chilaiditi syndrome
� Situs inversus

14. Lack of co-operation on the part of the patient

Tab. 7.4: Contraindications for percutaneous liver biopsy

Threshold values for blood coagulation may only be
taken as guidelines. They have to be critically assessed
in each individual case. Recommendations for percu-
taneous biopsy in hospitalized patients are: (1.) Quick’s
value >60%, (2.) bleeding time < 3(�4) minutes, and (3.)
thrombocytes >100,000, although the function of the
thrombocytes is more important than their mere num-
ber. • Even with reduced coagulation parameters, biopsy
can still be carried out following the administration of
vitamin K, fresh frozen plasma, etc.

We regard stasis in dilated bile ducts as a contraindica-
tion of biopsy, although there are controversial views in
the literature concerning this point. (108, 151) The risk
of biliary complications should not be underestimated,
especially since new examination techniques have indeed
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made such risky biopsies unnecessary. By contrast, even
excessive jaundice (> 20mg/dl) is per se no contraindi-
cation. • We are also against percutaneous biopsy in
ascites. Laparoscopic biopsy with visual monitoring in-
volving almost complete removal of the ascites does not
lead to any complications if haemostasis is guaranteed.
• Moreover, with focal liver findings, we principally give
preference to laparoscopy with targeted biopsy over per-
cutaneous biopsy of the lesion. • This also applies in the
event of suspected amyloidosis, as the amyloidotic tissue
is brittle and can easily split under biopsy, causing con-
siderable afterbleeding. Therefore laparoscopically di-
rected biopsy is recommended in such cases. • With dia-
lysis patients, liver biopsy should occur 1 day after dia-
lysis; prior to biopsy, the administration of desmopres-
sine is useful.

1.4 Technique of liver biopsy

The third important prerequisite for avoiding compli-
cations is the correct performance of the biopsy
coupled with adequate experience of the investigating
physician. (12, 24, 51, 86, 90, 92, 110, 135, 161)

Instruments
� Biopsy needle with a blunt pin within its shaft (also available

as a disposable needle): diameter usually 1.40 mm or possibly
1.60 mm (when faced with a potentially greater puncturing risk,
the diameter should be 1.20 mm)

� Syringe (10 ml), best fitted with a Luer-Lock and containing 2
to 3 ml isotonic (0.9%) NaCl solution; syringe (5 ml) with 3 to
6 ml local anaesthetic (e.g. 1% to 2% lidocaine)

� Incision lancet to perforate the skin
� Thin injection needle for skin anaesthesia, thicker and longer

needle for bathyanaesthesia
� Glass dish with 2�3 ml 0.9% NaCl solution
� Sterile pads and first-aid dressing

Both classical and modified types of biopsy needles are
available: suction needles (e. g. Menghini, Klatskin, and
Jamshidi) and cutting needles (e. g. Vim-Silverman and
Tru-cut) as well as spring-loaded needles. (12, 26, 86, 123,
129, 158, 162)

Preparation of the patient
(1.) Correct briefing of the patient including written consent to
the biopsy;
(2.) Examination of blood coagulation (see above);
(3.) Premedication: atropine (1 ml/0.5 mg s. c.) about 15 minutes
prior to the biopsy (paying due attention to atropine contraindica-
tions). (15)

Prior to percutaneous liver biopsy, it is not necessary to
perform either a chest-X-ray or a cholecystography, or
to determine the blood group. These examinations are
of no practical significance.

Preparation of the biopsy
(1.) Location of the biopsy: Liver biopsy can be carried out in the
patient’s room, in the ward examination room or in the endoscopy
department. The medicaments and appliances required for pos-
sible emergency treatment must be available.
(2.) Positioning of the patient: The patient (fasted condition) lies
on his/her back, turned slightly to the left (established technique
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in line with G. Menghini), the right arm stretched over the head (or
right hand under the head). To stabilize the position, a pillow may
be tucked underneath the right lumbar region. • During the biopsy,
the patient stays in his/her own (normal) bed (� no postbioptic
repositioning, which is psychologically advantageous!).
(3.) Site of puncture: Prior to carrying out a percutaneous liver
biopsy, a sonographic examination of the liver (for focal processes)
as well as of the adjacent organs (to rule out morphological anom-
alies) should be effected. This can be carried out directly prior to
the biopsy or a few hours to one week preceding the biopsy. The
suitable puncture site is established directly prior to the biopsy by
ultrasound and subsequently marked (possibly by the print of a
fingernail). The puncture site as determined by percussion clearly
differs in 13% of cases to that determined by sonography. The
puncture canal is transthoracic in 6th or 7th intercostal space. The
abdominal (i. e. subcostal) method is only acceptable in a markedly
enlarged liver. It is as a rule safe with sonographic monitoring even
under outpatient conditions. (117, 130) This ultrasound-guided bi-
opsy (54) does not call for sonography during the actual perform-
ance of the puncture. (117, 118, 178) • Percussion-guided liver bi-
opsy is considered obsolete today!
(4.) Disinfection of the skin.
(5.) Anaesthesia: Skin wheal as large as a thumb nail; anaesthesia
of the intercostal space through to the (painful) peritoneum: this
is the site for the anaesthetic depot.
(6.) Perforation of the skin with a lancet.
(7.) Attempted apnoea: 4�6 sec after normal expiration. • An ex-
perienced physician can carry out the biopsy in a split second at the
end of an expiration phase, so that the patient need not be asked to
hold his breath and is thus not subject to “expectation anxiety”!

Slow (extrahepatic) phase
(1.) Examination of the needle: its diameter, sharpness and in par-
ticular ultimate strength.
(2.) Insertion of the needle.
(3.) Injection of 0.5 to 1.0 ml 0.9% NaCl solution (to clear the
needle) after penetration of the intercostal fascia.
(4.) Apnoea at the end of normal expiration.
(5.) Aspiration: retraction of injection plunger, whereby the direc-
tion of puncture is dorsocranial towards the xiphoid.

Rapid (intrahepatic) phase
Puncture involving a swift, straight movement forwards and back-
wards without rotation and without sideways deviation (2 to 4 cm
penetration depth depending on the body volume) immediate
withdrawal of needle with syringe in aspiration position. • This
phase normally takes a maximum of 0.5 seconds.

The swiftness of the intrahepatic puncture phase re-
duces the danger of bleeding. For this reason, a modi-
fied puncture technique with the Menghini needle has
become established practice: this involves a straight,
forward movement, effected in a split second and per-
formed at the same time as rapid aspiration suction
followed by immediate withdrawal of the needle with
continuing suction � a customary method of biopsy,
which we have also found to be most satisfactory. With
an experienced operator, the intrahepatic phase can
be reduced to < 1/10 second and, at the same time,
aspiration suction can be remarkably increased.

Intrahepatic biopsy is performed as swiftly as possible
using standard instruments (available as a disposable set
with a Menghini needle); this ensures the “shooting” of
the biopsy needle into the liver after release of the spring
tension (based on the principle of the spring-loaded
needle). Today’s high-speed biopsy sets are obtainable
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with needles of varying diameters; they allow comfortable
one-hand operating techniques and enable penetration
shots with adjustable depth (e. g. 15 or 20 mm).

Handling the bioptic material
Placing a pin in the needle ensures that the puncture cylinder stays
in the needle lumen, so that it is not aspired into the syringe. It is
thus guaranteed that the still intact specimen (2 to 3 cm long) can
be ejected with the rest of the NaCl solution into the Petri dish
with 0.9% NaCl solution. The biopsy material obtained usually
amounts to 20�30 mg (up to 70 mg). • The frequency of “unsuc-
cessful” biopsy is 0.4%�0.6%.

The biopsy material should be observed under UV fluorescence
(366 nm; so-called Wood light) to rule out porphyria. (s. fig. 7.10)
Only after UV-fluorescence assessment has been carried out can
the biopsy material be fixed in the formalin solution. A short writ-
ten description of the biopsy material should then be made. • De-
pending on the individual diagnostic issue in question, the material
is prepared in compliance with special regulations (frozen section,
electron microscopy, RNA detection, etc).

Aftercare of the patient
Positioning of the patient on the right side with the elbow against
the site of biopsy. This position should be maintained for about
2 hours.

Bed rest for 24 hours; as from the 8th hour, bed rest can be semi-
strict. This is, however, not generally called for in the literature.
(105, 135)

Control of pulse rate and blood pressure every quarter of an hour
for up to 2 hours; from then on, every half hour through to the
6th hour.

1.5 Postpuncture complaints

� Postpuncture complaints can be observed in 5�10%
of patients. They are found more frequently in anxious
patients and � it would appear � especially when no
parasympathetic blocking agent in the form of atropine
has been administered. All these ailments are un-
pleasant but harmless. Occasionally, symptomatic meas-
ures are required.
(1.) Upper abdominal pain: Traction at the falciform
ligament due to the puncture as well as a subcapsular
haematoma can lead to slight pain.
(2.) Pain in the right shoulder and possibly cervicalgia
on the right side due to irritation of the phrenic nerve.
(3.) Respiratory pain as a result of a subcapsular haema-
toma.
(4.) Vagus shock: Irritation of the pleura or peritoneum
due to stimulation of the vagus nerve can result in a vagal
(or peritoneal) shock: bradycardia, a drop in blood pres-
sure, practically instantaneous violent pain in the right
upper abdomen, guarding of abdominal muscles, weak
pulse � the patients are pale, they sweat and hardly dare
to breathe. • Such a situation appears threatening for both
the patients and their environment � however, during
more than 30 years of experience, we have only observed
one such “dangerous” event. We would rate this as being
the positive outcome of basic premedication with atropine.
Because of the rare contraindications of atropine pre-
medication on the one hand and the very unpleasant
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event of a vasovagal reaction on the other hand, we would
always recommend such a procedure.

� Vagus shock might also be caused by postbioptic bili-
ary leakage with acute irritation of the serosa. H. Thaler

observed this event 19 times in 7,500 biopsies; we have
witnessed it just once with 4,124 biopsied patients. This
would suggest that bile-related acute irritation of the
serosa is only in rare cases likely to be the cause of a
peritoneal shock.

1.6 Complications

Each invasive examination procedure is limited by its
own risks and complications. These depend on a variety
of individual influencing factors. (s. tab. 7.5) In each
individual case, the physician must always examine
whether influencing factors are involved in a compli-
cation and if so, what they are, how they must be con-
sidered, and to what extent they can be avoided in fu-
ture. • There is no doubt that many of the complications
cannot be attributed in any way to the method of liver
biopsy itself! (This is also true of laparoscopy!)

� Disregard of contraindications
� Incorrect or uncritical evaluation of the indication

1. Influence exercised by the investigating physician
• perfection of method
• continuous acquisition of experience
• manual dexterity

2. Influence exercised by the patient
• mental state
• anatomical features

3. Influence exercised by existing disease(s)
• underlying disease
• secondary diseases

4. Instrumentation and personnel
� optimal
� limited
� insufficient

Tab. 7.5: Factors that influence frequency and severity of compli-
cations in liver biopsy and laparoscopy

Causes of morbidity and mortality as a result of percu-
taneous liver biopsy have been assigned to a variety of
circumstances. (15, 27, 44, 46, 59, 62, 70, 85, 87, 98, 119, 121,
156�158, 161, 179) (s. tabs. 7.5, 7.6)

Puncture of the gall bladder (with impending bile perito-
nitis) is practically always due to a faulty technique in
performing the biopsy and is only rarely caused by an
anomaly in the position of the gall bladder; such an
anomaly is usually detected in prebioptic sonography. •
Puncture of the adjacent organs (s. tab. 7.6) is usually
harmless and only rarely leads to complications. • Sub-
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sequent bleeding is mostly observed within the first 2
hours and only rarely during the following 6 hours. De-
pending on the localization and severity of the bleeding,
this effect can develop “asymptomatically” through to
“dramatically”. More pronounced bleeding is to be
expected in about 0.2% of patients. (17, 39, 60, 78, 95, 102,
103, 123, 127, 146) • Different investigators have witnessed
intrahepatic haematomas in 1.1%, in 4%, in 7% and even
in 23% of cases. Application of the Menghini needle
yielded the best results. Such haematomas are usually
not significant, since they are resorbed spontaneously.
(52, 79, 105, 125, 142, 152, 154) • Likewise without clinical
significance and generally unnoticed are a.v. fistulas,
found in about 5% of cases. (68, 94, 113, 115, 124) Oc-
casionally, haemobilia occurs as a result of an arterio-
portal fistula (detectable today by means of MRCP),
rendering embolization necessary in individual cases.
This event was even observed up to 10 days after liver
biopsy. (2, 42, 82, 83, 94, 115, 146) • A pneumothorax is a
very rare occurrence (< 0.01%) and in itself harmless
due to the rapid resorption of the gas used in laparos-
copy. (116, 143) • A haematothorax has also been ob-
served in rare cases. (121)

1. Puncture of the gall bladder (48)
2. Puncture of adjacent organs

� frequent: kidneys, colon, lung
� less often: pancreas, small intestine, adrenal gland

3. Haematoma
� intrahepatic
� subcapsular

4. Bleeding
� early bleeding
� late bleeding (78, 127, 177)

5. Arteriovenous fistula
� intrahepatic (possibly with haemobilia)
� intrarenal (possibly with haematuria)

6. Haemothorax (121)
7. Biliary leakage (55, 121)

� peritoneal shock
� bile peritonitis (85, 131, 156)
� biliary pleural effusion (122)
� haemocholascos
� bilhaemia (165)
� bile embolism (29)

8. Pneumothorax (116, 143)
� pleural effusion (121)

9. Breakage of biopsy needle (121)
10. Infection

� sepsis (121)
� liver abscess
� subphrenic abscess (7)

11. Anatomical variants

Tab. 7.6: Causes of morbidity and lethality after percutaneous liver
biopsy (with some additional references)

There are only isolated reports of late bleeding (4th to
13th day). (78, 127, 177) This may be attributed to late
fibrinolysis of the thrombus in the area of the biopsy
canal. These reports do not, however, exclude more ob-
vious causes, e. g. abdominal press, traumatization, rup-
ture of a subcapsular haematoma, influence on blood
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coagulation. • Late bleeding occurred in some 61% of
patients within the first 2 hours, in 21% during the fol-
lowing 8 hours (� 82%) and in 14% within the following
14 hours; i. e. 96% of the complications were noticed
in the course of the first day. (121) The frequency of
complications does not depend on the length of post-
bioptic bed rest. (135)

In the case of suspected postbioptic bleeding or biliary
leakage, emergency laparoscopy is indicated as the pri-
mary possibility after previous abdominal sonography
and before exploratory laparotomy is deemed necessary.
The diagnosis can generally be clarified by means of
laparoscopy, and the bleeding or biliary leakage can be
managed. (184, 267)

1.7 Frequency of complications
� The literature available to us does not provide adequate confirm-
ation of the high lethality rate of 1% following “blind” liver biopsy
in the pre-Menghini era as published by I. Snapper in 1951. In
a summary covering 18,894 directed as well as non-directed liver
biopsies (D. Gemsjäger, 1957), lethality was 0.17%. In other com-
piled statistics relating to 15,274 biopsies, lethality was put at
0.22%. (179) A. Terry observed a lethality rate of 0.07% and a
morbidity rate of 0.32% in 7,532 biopsies. (156) In another study
comprising 13,150 liver biopsies, the lethality rate was 0.21% (H.
Lüdin, 1955). The calculations of L. Schiff (1951) register no fatal
cases at all. (138) Other publications may be referred to in this
respect. (62, 119, 161)

Since the introduction of Menghini’s technique in
1957 (104), the risk of complications has been reduced
to one quarter and lethality to one tenth.

One of the first major compilations of statistics was pro-
duced by H. Thaler in 1964: in 23,382 biopsies, the le-
thality rate was 0.017% and the complication rate
0.10%. (158) In evaluating 79,381 liver biopsies, H.
Lindner (1967) calculated a lethality rate of 0.015% and
a morbidity rate of 0.34%. (85) In 19,563 liver biopsies,
E. Wildhirt registered no fatal cases with a morbidity
rate of 0.089%. (176) In a multicentre study carried out
by F. Piccionino et al., 68,276 liver biopsies were recorded
during the period 1973�1983 with a lethality rate of
0.009% and a morbidity rate of 0.21%. In this study, the
Vim-Silverman and Tru-cut needle types proved to have
the highest risk rate (0.31% to 0.34%). (121) Severe com-
plications were found in 0.57% of cases by J.F. Cadranel

et al. (15) Among 4,124 of our own biopsies (Menghini
needle), we registered no cases of death whatsoever from
1961 to 1987; the complication rate was 0.15% (s. tab.
7.7).

� In 1990 D. B. McGill et al. reported on the evaluation of 9,212
liver biopsies with an amazingly high complication rate (102): 10
cases of severe bleeding proved fatal (0.11%), whereas 22 cases
(0.24%) could be managed. In malignant liver tumours, the fre-
quency of bleeding with lethal outcome was 0.40% and the fre-
quency of arrest of bleeding 0.57%. In patients without liver
tumours, there was a lethal bleeding risk rate of 0.04% and non-
lethal rate of 0.16%. Only the needle types Tru-cut, Vim-Silverman
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Morbidity

Thaler, H.* (1964) 23,382 23 � 0.98%
Lindner, H.* (1967) 79,381 273 � 0.34%
Wildhirt, E. (1981) 19,563 16 � 0.082%
Piccionino, F.* (1986) 68,276 141 � 0.21%
Kuntz, E. (1987) 4,124 6 � 0.15%
Eisenburg, J. (1988) 35,000 6 � 0.017%

229,726 465 � 0.20%

Lethality

Thaler, H.* (1964) 23,382 4 � 0.017%
Lindner, H.* (1967) 79,381 12 � 0.015%
Wildhirt, E. (1981) 19,563 � �
Piccionino, F.* (1986) 68,276 6 � 0.009%
Kuntz, E. (1987) 4,124 � �
Eisenburg, J. (1988) 35,000 � �

229,726 22 � 0.001%

Tab. 7.7: Frequency of liver biopsy complications broken down
into morbidity and lethality (* � compiled statistics). • The results
of E. Wildhirt and J. Eisenburg are particularly worth noting

and Jamshidi had, however, been used here. • The lethality rate of
0.10% found by G. H. Millward-Sadler et al. (1985) is also unusually
high (7�10 times higher compared to other published data).

A closer look at the publications, however, often reveals
that some contraindications and problem situations (e. g.
ascites, amyloid degeneration, liver tumours, leukaemia,
obstructive jaundice) were not heeded. Likewise, inade-
quacies in applying the various methods may be respon-
sible for complications. Biopsy needles with a larger
diameter of > 1.6 mm (e. g. Vim-Silverman, Jamshidi)
were also found to involve greater risks.

Given the correct indication (s. tab. 7.3), due atten-
tion to possible contraindications (s. tab. 7.4) and
continuous experience on the part of the investigating
physician (s. tab. 7.5), an upper limit of about 0.30%
for morbidity and about 0.01% for lethality should
be set for ultrasound-guided liver biopsy. Any higher
frequency of complications should not be accepted!

1.8 Liver biopsy in children

Indications and contraindications in children are the same
as in adults. In general, the diameter of the needle should
not exceed 1.2 mm. Premedication is advisable to ensure a
smooth (and hence low-risk) biopsy. • D. Feist et al. (1972)
reported on 385 biopsies with just one complication (no
fatal cases) (40), and H. Thaler (1979) observed only 2 minor
complications in 764 biopsies (159), while M.B. Cohen et al.
(1992) reported a lethality rate of 0.60%, slight compli-
cations in 11.7% and serious events in 4.5% of cases. (25)
A.O. Scheinmann et al. found complications in 6.83% of
cases, of which 2.4% were severe; lethality was 0.4%. (137)
Liver biopsies have also been successfully carried out in
children under outpatient conditions. (53)
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1.9 Outpatient liver biopsy
� Many investigators have reported in the literature on their wide
experience concerning outpatient liver biopsy. (22, 35, 36, 43, 49,
70, 76, 88, 106, 167, 174) E. Richter et al. (1972), K. Teubner (1975)
and H. Thaler (> 4,000 complication-free outpatient biopsies!) have
also reported on this subject. Additional statements have been
made by R. Decking (1991) (30), the latter following recommen-
dations issued by the “Patient Care Committee” (W. H. Jacobs et al.,
1989). More recent results obtained by A. Giger et al. (1993) (50) and
S. Vivas et al. (1998) further advocate this method. The Jamshidi
needle also proved to be low in risk.

We have acquired our own experience with 318 out-
patient biopsies, included in our total number of 4,124
biopsies � we observed no complications whatsoever
in these 318 patients. (s. tab. 7.7) • Evaluation of the
publications quoted and our own experience show that
the frequency of complications tends to be even lower
than in hospitalized patients. This is probably due to
the fact that only very experienced physicians perform
outpatient biopsies and that indications and contraindi-
cations are heeded with greater stringency.

Isolated instances of objections to outpatient biopsies are
neither objectively nor legally justifiable, provided the
necessary criteria are duly observed. Besides the para-
mount requirement concerning the qualification of the
investigating physician, we have always been in favour of
and have insisted on “restricted indications with expanded
contraindications”. In contrast to percutaneous liver bi-
opsy under hospital conditions, outpatient percutaneous
biopsy calls for normal blood coagulation parameters. • We
have extended the list of contraindications (s. tab. 7.4) to
include some additional points. (s. tab. 7.8)

1. Previous intake of acetylsalicylic acid or other substances
which affect blood coagulation

2. Unclear diagnostic conception
3. Inadequate prediagnostics
4. Biopsies at the request of a general practitioner
5. Diameter of needle in excess of 1.6 mm
6. Patient-related problems

� long or complicated journey home
� unsuitable means of transport
� lack of telephone contact
� lack of monitoring at home
� unreliability on the part of the patient

Tab. 7.8: Additional contraindications for outpatient liver biopsy
(complementary to table 7.4)

There are differing recommendations concerning the
direct monitoring time following a biopsy. Due to the
fact that most complications occur within the first 3
hours, an initial monitoring period of 6 hours may be
considered adequate; contact observation of the patient
is imperative, while the pulse rate and blood pressure
are taken (and charted!) every 15 minutes during the
first hour and subsequently every half hour. However,
we have always adhered to a 6�8 hour monitoring
period because of clinical factors. Transport of the
patient to his home must always be “passive” (i. e. with
family members or friends, possibly by taxi).
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Both the patient and the accompanying person must be
given a careful briefing. Upon the occurrence of symp-
toms, the hospital where the biopsy was performed is to
be informed immediately by telephone (for this reason
the patient always has to be given the telephone number
and name of the emergency doctor in writing). In such
a case, the local practitioner should not be consulted �
so as to avoid any loss of time! The emergency physician
at the hospital has to be informed of the name and resi-
dence of the biopsied patient, so that he is “prepared”
for a telephone call at all times. • Should the biopsy have
been carried out at a specialist surgery, it is advisable to
inform an emergency physician at a nearby hospital of
the name and residence of the patient � upon the occur-
rence of complications, the patient should be taken im-
mediately to that hospital (and not to the local prac-
titioner’s surgery!).

1.10 Transjugular liver biopsy

Transjugular venous liver biopsy was first described by
W. Hanafee et al. in 1967. It has been successfully per-
formed (monitoring by ECG!) with few complications
in high-risk patients (e. g. ascites, bleeding tendency, se-
vere adiposity, massive intra-abdominal adhesions),
both adults and children. Furthermore, the biopsy ma-
terial obtained by this method (albeit shorter than in
percutaneous biopsy) has generally been rated as ad-
equate for assessment. The modified 15 G or 16 G Ross
needle, but also an 18 G automated core biopsy needle,
are considered preferable over the Trucut needle. The
technique is deemed to be safe and reliable, and the
complication rate is acceptable. (s. tab. 7.9) (4, 13, 14, 21,
31, 33, 34, 45, 47, 58, 69, 74, 80, 101, 112, 133, 136, 168, 182)

1. Neck haematoma
2. Pneumothorax
3. Transient Horner syndrome
4. Transient trachyphonia
5. Passing abdominal pain
6. Passing fever
7. Cardiac arrythmias
8. Intrahepatic a.v. fistula
9. Perforation of the liver capsule

10. Cardiac arrest

Tab. 7.9: Complications of transjugular liver biopsy in up to 20.2%
of cases (mortality rate 0.1�0.5%)

1.11 Transfemoral liver biopsy

The technique of transfemoral liver biopsy using flexible
forceps was described by M.W. Mewissen et al. in 1988.
Some studies have shown this to be just as safe and
efficient as the transjugular method. (74, 80, 89, 95, 155)

1.12 Ultrasound- or CT-guided biopsy

The first ultrasound-guided liver biopsy (using the A
technique) was carried out by Wang Hsin-Fang et al. in
1964 to diagnose and treat liver abscesses. (s. tab. 7.2)
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Ultrasound-guided Menghini biopsy was recommended
in 1983 as an alternative to percussion-guided biopsy.
(54) • Today, it is deemed the method of choice. (20, 26, 36,
56, 58, 72, 88, 118, 163, 175, 178, 180) (s. tab. 7.2)

Ultrasound-guided fine-needle biopsy was introduced by
A. Lundquist in 1971. It is deemed to be a low-risk method
for the sampling of cytological material and is almost in-
dispensable for differential diagnosis between benign and
malignant foci. (10, 11) Its sensitivity is 60�80% and its
specificity higher than 90%. This form of biopsy can also
be used for the treatment of abscesses. (141) The use of cut-
ting biopsy needles (involving greater risks) even makes it
possible to sample liver tissue for histological assessment.
There are many reports on the biopsy technique as well
as on the results and complications involved. (9, 18, 29, 37,
38, 41, 61, 93, 150, 172, 270) Up to now, reports have been re-
ceived on 10 fatal cases subsequent to fine-needle punc-
ture of abdominal organs � 6 of them as a result of liver
biopsy. • Spreading of tumour cells via the bloodstream
or lymphatic system can be more or less ignored. The
genesis of vaccination metastases and spreading of tu-
mour cells or infectious material into the biopsy canal is
considered rare. • Even if the commonly used fine needle
with a cutting surface of 22 G only has a diameter of 0.7
mm (cf. Menghini needle with 17 G and Jamshidi needle
with 15 G), the possibility of afterbleeding, though rare,
must still be considered. (60; quot. 172) • The evaluation of
11,700 abdominal fine-needle biopsies by T. Livraghi et al.
(1983) yielded a complication rate of 0.55%; serious com-
plications occurred in 0.05% of patients. The frequency
of pronounced bleeding given by M. Gebel et al. (1986) was
1.5�2.5%, depending on the tumour type. (quot. in 172) (s.
p. 136)

CT-guided liver biopsy was reported for the first time by
J.R. Haaga et al. in 1976. Biopsy of focal lesions of the
liver may also be carried out by CT guidance. (20, 57,
164, 173)

2 Laparoscopy

2.1 Historical development
� The first laparoscopy following a pneumoperitoneum was re-
ported by the surgeon Georg Kelling from Dresden at a lecture
given in Hamburg on 23.9.1901. He presented this method of
examination, using the term coelioscopy. (quot. 246) In the same
year (1901), Dimitri Edler von Ott also described this technique in
St. Petersburg, calling it ventroscopy. (282) • The name laparoscopy
originates from Hans Christian Jacobaeus, who in 1910 reported on
the examination of the abdominal cavity using Nitze’s cystoscope
following pneumoperitoneum placement. (237) In the USA, this
method was termed organoscopy (B. M. Bernheim, 1991) (189), peri-
toneoscopy (B. H. Orndoff, 1920) (281), and abdominoscopy (O.
Steiner, 1924) (307). The first atlas of laparoscopy was published
by R. Korbsch in 1927, based on his own experience since 1921.
(248) Following these publications, laparoscopy was adopted in
numerous countries as a new method of examination. (s. tab. 7.10)

� The so-called 3rd developmental stage of laparoscopy is linked
to the name of H. Kalk, who (commencing in 1923/1924) systemat-
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ically revised the technique of laparoscopy in Frankfurt and
brought out the first publication on the subject in 1929. (240) His
experience has mainly been documented in papers dating back to
the years 1935 (Indications and dangers) (241), 1942 (Introduction
to photolaparoscopy), 1943 (Directed liver biopsy under laparos-
copic vision) as well as 1948, 1953 and 1955. • The clinicians N.
Henning (Leipzig), C. Fervers (Solingen) who became the first to
carry out minor adhesiolysis (1933), J. C. Ruddock (Los Angeles)
and E. B. Benedict (Boston) were also particularly involved in this
development phase. (s. tab. 7.10)

It was only the consistent work of H. Kalk which gave laparoscopy
its worldwide high status. (263) • Further perfecting of laparos-
copy, attributable to K. Beck, W. Brühl, J. Eisenburg, H. Henning,
H. Lent, H. Lindner, W. Siede, L. Wannagat and E. Wildhirt � to
name but a few of the German schools of thought � resulted in
laparoscopy becoming an integral part of clinical diagnostics. With
continual further development of medical technology, important
additional techniques have been rendered possible.

First performance of laparoscopy
1901 G. Kelling Dresden1)

(coelioscopy)
1901 D. Edler von Ott St. Petersburg2)

(ventroscopy)

New description of laparoscopy
1910 H. Ch. Jacobaeus Stockholm3)

(laparoscopy)
1911 B. M. Bernheim Baltimore4)

(organoscopy)
1920 B. H. Orndoff Chicago4)

(peritoneoscopy)
1921 R. Korbsch Oberhausen1)

(1927: 1st atlas of laparoscopy)
1924 O. Steiner Atlanta4)

(abdominoscopy)

Third phase of “laparoscopic discovery”
1923/24 H. Kalk Frankfurt1)

1928 N. Henning Leipzig1)

1934 J. C. Ruddock Los Angeles4)

1939 E. B. Benedict Boston4)

Fourth laparoscopic development phase
1980 K. Beck (Ed.): Coloured atlas of laparoscopy, 2nd

edition with 1016 figures (1st edition 1968)
since 1980 laparoscopic surgical procedures
since 1980 laparoscopic sonography
since 1995 exploratory mini-laparoscopy

Tab. 7.10: Historical development of laparoscopy (a selection of im-
portant steps) (1 � Germany; 2 � Russia; 3 � Sweden; 4 � USA)

After 1950 there was an enormous worldwide increase in
the number of laparoscopic examinations. Statistics from
H. Lindner et al. (1976) reflect this with 141,981 laparos-
copies in European countries. (259) The highest level of
laparoscopic examinations (between 1970 and 1980) was
estimated as being in excess of one million!

The introduction of new examination methods into
hepatological diagnostics (virus serology, sonography,
CT, ERC, to name just a few) has led to a considerable
reduction in the frequency of laparoscopic examinations
since 1975. Even in hospitals with very high laparoscopy
figures, frequency has been reduced to about 10%. (230)
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This “laparoscopic slump” is also obvious in our own
statistics. (253)

2.2 Definition of laparoscopy

Laparoscopy is a low-risk instrumental examination
technique for the abdominal cavity with a high degree
of diagnostic relevance and low personnel input.

Laparoscopy, like the terms coelioscopy, ventroscopy, organo-
scopy, peritoneoscopy and abdominoscopy (s. tab. 7.10), actually
means an “endoscopy of the abdomen” and not only of the
“liver” � unfortunately, such a “hepatoscopy” was all too often
performed on its own. (see page 2 for further details on the
term “hepatoscopy”)

2.3 Indications

Morphological findings are deemed to be an essential
part of detailed diagnosis in liver diseases. Yet the re-
sults of percutaneous liver biopsy lead all too easily
(e. g. with focal findings) and to a somewhat high per-
centage (e. g. with liver cirrhosis, chronic virus hepatitis
C) to misinterpretations. Non-directed liver biopsy does
not always make it possible to detect changes which are
representative of the entire liver. Additionally, in 1�2%
of cases, the material yield does not necessarily suffice
for histological assessment. (64, 96, 148) (s. p. 160)

Assessment of the liver surface can often be the decisive
starting point for diagnosis and histological inter-
pretation. Furthermore, laparoscopy makes it possible
to inspect the entire abdominal cavity. As a result, indi-
cations for exploratory laparoscopy are significantly ex-
tended. Yet modern imaging procedures can quite often
produce false-negative results as well. In individual
cases, laparoscopy (possibly with directed biopsy) can
be taken as a method of reference. This is also true for
other specific issues, such as congenital anomalies. (298)
• With the introduction of imaging procedures and their
perfected methods, the indication list with regard to
laparoscopy has changed. Based on the information
found in the literature as well as on our own experience
with 6,000 laparoscopies (1955�1987) (253), indications
for exploratory laparoscopy are given for many hepato-
biliary diseases. (192, 194, 196, 197, 200, 203, 205, 208, 213,
215, 227, 230, 245, 253�255, 257, 259, 260, 265, 268, 269, 276,
277, 285, 294, 304, 308, 314, 319, 327) (s. tab. 7.11)

2.4 Exploratory laparoscopy

The arguments put forward by G. Kelling (1923) apply
just as much today as they did in the past � explora-
tory laparoscopy of the abdominal cavity is one of
the most important aims of laparoscopy. (246) (s. tab.
7.12) • In working towards a diagnosis, it is a funda-
mental principle that exploratory laparoscopy should
be given priority over exploratory laparotomy. (197,
205, 213, 215, 218, 227, 245, 253, 254, 277, 293, 294, 315)
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1. Chronic hepatitis (238, 253, 286, 317)
� for differential diagnosis
� for morphological differentiation

2. Unclarified hepatomegaly and/or increasing
liver consistency

3. Unclarified splenomegaly (253)

4. Unclarified rise in liver enzymes
5. Unclarified occupation of abdominal space
6. Unclarified gall bladder findings (247, 253)

7. Unclarified abdominal symptoms (250, 295)
� adhesions (185, 234, 253)
� suspected tuberculous peritonitis (191, 233)
� suspected carcinomatous peritonitis (199, 253)
� appendicitis (195, 312, 324)

8. Suspected liver cirrhosis (201, 231, 274, 279, 289)
� differential diagnosis (222, 253)
� assessment of further complications (243, 310)
� demarcation of a scarred liver (253, 309, 310)

9. Suspected focal liver lesions (198, 253, 256)
� adenoma, echinococcosis, haemangioma (253),

focal nodular hyperplasia (204, 236, 253), tu-
berculosis (253), sarcoidosis (200, 253), Hodg-
kin’s disease (253, 296, 330), liver abscess (232),
etc.

10. Suspected malignant tumours
� primary liver cell carcinoma (224, 242, 261, 332)
� malignancy in haemochromatosis
� gall-bladder carcinoma (209, 251)
� liver metastases (193, 199, 332)
� abdominal metastatic spread (253)

11. Suspected parasitic disease
12. Fever of unknown aetiology (229, 249, 304)

13. Ascites of unknown aetiology (207, 290)

14. Cholestasis of unknown aetiology (280, 299)

15. Clarification of systemic diseases
16. Tumour staging: “pre-look” prior to surgery,

“second look” after carcinoma surgery
17. Assessment of indication for transplantation
18. Suspected lack of one liver lobe (253)

19. Emergency laparoscopy (184, 267)
� in postbioptic bleeding
� in postbioptic biliary leakage
� following blunt abdominal trauma

20. Vascular processes
� peliosis hepatis (236, 305)
� Budd-Chiari syndrome (190)
� Osler disease (306)

Tab. 7.11: Indications for (exploratory) laparoscopy � where no
definitive diagnosis is guaranteed by other procedures. • The diag-
nostic significance of an indication is individual and different in each
case and can be categorized in steps ranging from “of little signifi-
cance” through to “very important” or “absolutely necessary”
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In calling for quality assurance in diagnostics, it is
not possible to do without the relevant accuracy and
significance of laparoscopy. For this reason, the indi-
cations outlined have to be reviewed in each individ-
ual case. They can either be viewed more stringently
or interpreted more widely; their diagnostic signifi-
cance may be greater or less, depending on the re-
spective case.

Laparoscopy is always indicated if an abdominal clinical
picture has not been clarified or a hepatobiliary disease
could not be defined by non-invasive or minimally in-
vasive procedures (such as sonography, CT, ERC, scin-
tigraphy, MRI). (s. tab. 7.12) (245, 253, 276, 294)

Main targets of laparoscopy
Assessment of:
1. liver and gall bladder
2. spleen
3. peritoneum, omentum, ligaments,

free diaphragmatic areas

Secondary targets of laparoscopy
Assessment of:
1. free stomach wall areas, intestine, appendix
2. female minor pelvis in a head-down position

(uterus, ovaries, tubes)
3. hernial orifices

To a limited extent � pancreas
� kidneys

Tab. 7.12: Organ-related examination targets (main and second-
ary) in exploratory laparoscopy

� With considerably less inconvenience to the patient, ex-
ploratory laparoscopy offers a better view of the minor
pelvis through to the subphrenic space than can be pro-
vided by exploratory laparotomy with the limitations im-
posed by incision. Adhesions can also be viewed better
with the help of laparoscopy as compared to laparotomy.

� Time and personnel involved as well as the costs of
nursing are all far lower with exploratory laparoscopy
than with laparotomy. In the vast majority of cases, ex-
ploratory laparoscopy renders exploratory laparotomy
superfluous. Above all, this is true for the detection of
nonoperable carcinomas.

� With women, every laparoscopy should include an
inspection of the minor pelvis in the head-down pos-
ition.

� Each abnormal or pathological finding is to be re-
corded by photographic documentation. A surgeon or
gynaecologist should be consulted in assessing specific
findings relating to his field.

� With selected patients, outpatient laparoscopy has
proved to be a safe and cost-saving (approx. 30% less
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expensive) method with follow-up monitoring of 3�4
hours under hospital conditions. (313)

Mortality risk is given as being about 0.1% (�0.2%)
for exploratory laparoscopy, whereas exploratory
laparotomy has a lethality rate of about 2.5% � i. e.
about 20 times higher! In advanced carcinomas, the
lethality rate is as high as 50% for exploratory laparo-
tomy versus 7.4% for laparoscopy.

The strategy generally applied in a diagnostic clarifi-
cation in the case of suspected “liver tumour” is out-
lined later in a flow algorithm. (s. p. 196) (s. fig. 9.4)

2.5 Contraindications

Attention must be paid to severe clotting disorders, car-
diac and coronary insufficiency, severe cardiac arrhyth-
mia, serious hypertension, respiratory insufficiency and
purulent peritonitis as possible contraindications. The
same is true of Bekhterev’s disease and cerebral insuf-
ficiency (depending on the respective severity). Despite
a wide range of indications, the list of contraindications
(with the exception of hepatogenic clotting disorders)
only covers severe extrahepatic diseases. In these cases,
it is the treatment of the serious condition which is of
paramount importance and not the diagnostic clarifi-
cation of abdominal or hepatobiliary diseases. (228, 244,
254, 266, 275) (s. tab. 7.13)

Relative contraindications: Given the technical experi-
ence of the physician and the implementation of adju-
vant measures, certain contraindications can be categor-
ized as relative, and accordingly overcome; in such cases,
however, a greater risk is to be expected. • Pronounced
adhesions, extreme adiposity and severe meteorism are
reasons for greater restraint and due caution. (s. tab. 7.13)

Absolute contraindications
1. Clotting disorders
2. Cardiac and coronary insufficiency,

severe cardiac arrhythmia
3. Severe hypertension
4. Respiratory insufficiency
5. Bacterial peritonitis
6. Large hiatus hernia

Relative contraindications
7. Bekhterev’s disease
8. Cerebral insufficiency
9. Pronounced adiposity

10. Severe meteorism
11. Massive adhesions

Tab. 7.13: Absolute and relative contraindications for laparoscopy

Adhesions are not deemed to be general contraindi-
cations, yet in some cases they do involve considerable
technical difficulties and a higher risk of complications
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� e. g. as a result of the perforation of adherent bowel
loops or of the stomach. (185, 234, 287) This was also
shown by three of our own cases with a bland course of
disease. (253) Another factor to be feared is the punctur-
ing of vessels in the area of the adhesions, particularly in
the presence of portal hypertension with “spontaneous
Talma” effect. (s. p. 155) (s. figs. 7.5; 14.11). We ob-
served this event in 4 cases, all of which could be well
managed. (253) “Extensive adhesions will always be the
worst enemy of laparoscopy” (H. Kalk, 1929). (240) • With
suspected postoperative adhesions, above all in the
laparoscopic working area, we have occasionally carried
out a lateral X-ray examination after placement of the
pneumoperitoneum. The relevance of this examination
should, however, not be overestimated. (s. fig. 7.1) This
“diagnostic method using X-ray with a gas-filled abdom-
inal cavity” was described for the first time by O. Goetze

in 1918. • Nevertheless, it must be clearly emphasized
that abdominal adhesions are also present in a consider-
able percentage of patients who have not undergone sur-
gery in the abdominal cavity. These spontaneous ad-
hesions can be found in all areas of the abdomen (14.6%
of cases) and are due to trauma, intestinal inflam-
mations, pancreatitis or cholecystitis. (322) • Photo-
graphic documentation is an absolute necessity in the
case of adhesions! • Frequently, symptoms related to
adhesions in themselves constitute an indication for
laparoscopy. In the course of establishing a differential
diagnosis for unclarified abdominal discomfort (nausea,
vomiting, etc.), it may be necessary, after ruling out all
other possibilities, to consider a painful adhesion-re-
lated “serosa syndrome”. (253, 254) By means of an ex-
ploratory probe, the pain characteristics familiar to the
patient can indeed often be triggered and then localized
in the area where the adhesions exist. (s. figs. 7.2, 7.3)
In the case of adhesiolysis (C. Fervers, 1933), free adhesive
bridles can be severed by thermocautery, and occasion-
ally relief from pain is achieved. • Sail-like adhesions
can be carefully “fenestrated” by thermocautery in
order to advance the laparoscope into areas which have
hitherto been out of sight. In retrospective evaluation,
we applied thermocautery in 120 cases (253): 87 times to
fenestrate and improve visibility and 33 times as adhesi-
olysis for therapeutic reasons in cases of previously in-
determinate abdominal pain. Almost all of these 33
patients had been through extensive diagnostic pro-
cedures, often over a number of years, with multiple
courses of therapy. One of these patients with perichole-
cystitic adhesions (an example of which is shown in figure
7.3) had been unsuccessfully treated for almost three
years (even psychotherapeutically), but after adhesiolysis,
she was ultimately freed from her discomfort.

� In cases of unclarified abdominal pain � after all
other diagnostic steps have failed � exploratory lapa-
roscopy should constitute the next step before com-
mencing psychotherapy!
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Fig. 7.1: Pneumoperitoneum with pronounced cord-like or sail-like
adhesions in the abdominal cavity (X-ray from the side)

Fig. 7.2: Extensive postoperative adhesions and bridles

Fig. 7.3: Pericholecystitic adhesions causing years of abdominal
pain (“serosa syndrome”) � without previous operative inter-
vention in the abdominal cavity
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Adiposity is undoubtedly a laparoscopic problem. The
abdominal walls can be enormously rich in fat, and the
fatty mass is often deposited in the abdominal omen-
tum. Sometimes excessively long instruments are re-
quired (such as anaesthesia needles, Veres needle). In
two of our own cases, we were only able to carry out
the examination under tremendous difficulty because
the trocar was too short. The highest reported weight
of a patient undergoing laparoscopy is 160 kg. (228)

Hernias likewise do not constitute a general contraindi-
cation. (228) In numerous cases, we have observed no
complications. (253) • Large hiatus hernias are, however,
an accepted contraindication.

Advanced age is not in itself a contraindication. The
patients were above 80 years in 0.3�0.7% of cases. In
our group of patients (253), 11 men and 8 women
(0.32%) were older than 80, of whom 5 (0.08%) were
aged between 85 and 90 years. There were no compli-
cations. Nevertheless, in cases of advanced age, indi-
cations should be viewed critically.

Children can undergo laparoscopy without particular
difficulty. (216, 268, 326) The youngest child was an infant
aged 14 days (H. Selmair et al., 1973). We ourselves experi-
enced no problems in examining 9 children aged be-
tween 5 and 14 years. (253) Laparoscopy is performed
under general anaesthesia. With older children (as in
our own cases), neuroleptic analgesia or an individual
sedation is sufficient. Hepatosplenomegaly, jaundice,
metabolic diseases, tumours, chronic hepatitis and por-
tal hypertension are some of the indications.

2.6 Laparoscopic technique

Once the indications have been drawn up and critically
considered, and possible contraindications weighed up,
the briefing of the patient follows (on the day prior to
laparoscopy) and the patient’s written consent is ob-
tained. All further measures are then taken. (s. tab. 7.14)

Sterility and asepsis are imperative for all instruments
used and for the places where they are deposited (e. g.
instrument trolley). We also recommend the use of
sterile drapes as well as sterile surgical gowns (caps and
masks are not required) after having disinfected the
patient’s abdomen. Once the photographic documen-
tation has been completed (using reflex camera, Polar-
oid, video, etc.), gloves and drapes should be changed.
Even though experience has shown the risk of infection
to be extremely low for the patient, and although the
sterility and asepsis aimed at are not guaranteed in cer-
tain working sequences, we still advocate, as a matter of
principle, that laparoscopy should be carried out under
conditions that are largely sterile.

Premedication

It is advisable to prepare anxious patients with sedation (e.g. doxe-
pin 10 mg) on the evening prior to laparoscopy. For premedication

153

1. Sonography
2. Blood coagulation tests

� Quick’s value, thrombocyte count, bleeding time
3. Possibly ECG, pulmonary function

4. Preparation for laparoscopy
� patient under fasting conditions (ca. 12 hours, avoiding

gas-forming vegetables)
� voiding of the bladder
� stabilizing and protecting a possible hernia with an

external adhesive bandage
� with men, shaving of the abdominal area
� premedication

� promethazine (50 mg) � pethidine (50 mg) i.m.
or:
promethazine (50 mg) � doxepin (25 mg)
or:
midazolam (0.05�0.1 mg/kg BW)
(i.m., some 20�30 minutes prior to laparoscopy)
or:
midazolam (initially 1 mg�2.5 mg) slowly i. v., up to
5 mg total dose

� atropine (0.5 mg) s. c. about 15 minutes earlier
(After administration of triflupromazine, we occasion-
ally observed extrapyramidal side-effects; for this
reason we ceased using this substance.)

� positioning of the patient: precisely, comfortably, with
wrists and knees fixed loosely to an operating table which
can be tilted on all sides
� padded support of the ulnaris nerve
� support of the greater trochanter from the side

� positioning of neutral electrode for coagulation, generally
on the right thigh

� sterile draping of the patient
� disinfecting the abdomen

Tab. 7.14: Preparation for laparoscopy

purposes, the following drugs have proved to be suitable (s. tab.
7.14): pethidine (50 mg) � atropine (0.5 mg), or hydromorphone
(2 mg) � atropine (0.5 mg), or midazolam (individual dosage up-
wards of 1 mg) � atropine (0.5 mg). • We would recommend the
administration of atropine in principle and not only if vagovasal reac-
tions occur. (s. p. 145)

Local anaesthesia

Local anaesthesia is effected as intracutaneous skin wheal using a
thin needle, whereas for bathyanaesthesia a long injection needle
is applied. Lidocaine is recommended as an anaesthetic (0.5% or
1.0%). With the continuous injection of anaesthetic, a sharp pain
is reached in the peritoneum, where a preperitoneal depot is then
placed.

Veres cannula

� A description of the Veres needle was published by J. Veres in
1938. (316) His name was, however, wrongly printed as Veress in this
publication � the correct spelling of his name is “Veres” and the
correct pronunciation is “veresch”. • After a stab incision with the
tip of the scalpel (i. e. lancet), the needle is inserted against abdom-
inal muscular pressure on the part of the patient. The resistance
of both fascia and peritoneum can be felt clearly. A hollow internal
cannula with a rounded end stays retracted within the Veres needle
during penetration. As soon as the peritoneum has been pene-
trated, the blunt stylet springs out of the sharp cannula in the
peritoneal cavity, and a double clicking sound of the Veres needle
is audible. The free position of the needle is checked by the rapid
injection of 10�20ml physiological NaCl solution. (s. fig. 7.18)
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Pneumoperitoneum

The point of placement used for the pneumoperitoneum is the so-
called Kalk’s point (this is the later site of insertion for the laparo-
scope) or the Monro-Richter line in the left lower abdominal region
(this is the connecting line between the umbilicus and the left an-
terior superior iliac spine). In the third outer quarter of the line (or
at the lateral tertiary point) is the “classical point” for abdominal
puncture as well as for the pneumoperitoneum. • Even if a later,
second anaesthesia is required for the laparoscope, we consider it
useful to maintain the functional capacity of the Veres cannula
throughout the whole procedure as a possible insufflation channel
that can be used if required � without discomfort to the patient. •
As a variation on the above-mentioned points of insertion, sites
can also be selected below and to the left of the umbilicus. • In
1918 O. Goetze (Halle) introduced an automatic needle for pro-
ducing the pneumoperitoneum. (s. p. 153) (s. fig. 7.1) (s. tab. 7.15)

Insufflation

Insufflation with nitrous oxide (N2O, i.e. laughing gas) is now car-
ried out by an automatic-charting N2O gas insufflator. The free
inflow of nitrous oxide is detectable by auscultation as an even,
gentle noise above the Veres needle. After insufflation of the first
300 to 500 ml nitrous oxide, the liver dullness fades, and after a
further 1 to 2 litres N2O, a tympanitic percussion sound is gener-
ally ascertained. (262, 272, 301, 329) • From the beginning of the
slow and evenly maintained process of insufflation, it is advisable
to shake the vertically held Veres needle so as to remove any frag-
ments of the omentum which may have been speared. At the same
time, fragments which might be caught up between the needle and
the stylet can be removed by retraction and forward thrusting of
the blunt stylet. Under constant observation of the filling pressure
(10 to 20 mm Hg), the required N2O amount is introduced (3 to 5
litres, in certain cases even more) and the insufflator then switched
over to automatic refill. Intraperitoneal pressure is now about
10�12 mm Hg. The abdominal walls should be evenly raised. • CO2

is unsuitable for exploratory laparoscopy!

1. Formation of emphysema
� skin emphysema
� preperitoneal emphysema
� omentum emphysema
� mediastinal emphysema
� scrotal emphysema

2. Injuries from insertion
� laceration of intestine
� laceration of blood vessels
� laceration of an ovarian cyst

3. Circulatory disorders
� collapse
� arrhythmia
� cardiac arrest

Tab. 7.15: Possible complications in producing the pneumoperi-
toneum or inserting a trocar

Insertion of the trocar

The site of insertion for the trocar is Kalk’s point: 2�3 cm to the
left of and above the umbilicus at the medial edge of the rectus
abdominis. Further to the left, laterally, there is some danger due
to the proximity of the superior epigastric artery, and further to
the right, above the umbilicus, there is a certain risk of injuring
the round ligament and the umbilical vein as well as the gall blad-
der. The right lower abdominal region in the area of McBurney’s
point is also to be avoided regarding the insertion of the trocar. •
With ascites and adiposity, the navel moves caudad (with gynaeco-
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logical cystoma, craniad), which must be considered when selecting
the point of insertion. In hepatomegaly, splenomegaly and tu-
mours, or with operation scars, the normal site of insertion should
be varied accordingly. (s. tab. 7.15)

Local anaesthesia is effected in the same way (see above). After some
gas has penetrated the syringe sheath, either spontaneously or after
slight suction, the depth of the gas-dome and the free lateral mobility
is checked with the anaesthesia needle. The incision is horizontal,
1�1.5 cm in length (subcutis and muscles must not be severed!). The
insertion of the trocar (s. fig. 7.18) is carried out under abdominal
muscular pressure on the part of the patient in the inspiration phase
and by exerting considerable left-right rotating pressure. A finger of
the guiding hand placed along the shaft of the trocar acts as an
“emergency brake”. After perforation of the peritoneum by the tro-
car (perceived by the sudden feeling of penetration into a free space
and an audible outflow of gas from the tap), the trocar tip is with-
drawn and the tap closed. • We most definitely prefer a trocar with a
conical, tapering tip (N. Henning, 1950) as opposed to the three-edged
tip. (s. fig. 7.18) With the three-edge tipped trocar, we experienced
pronounced venous bleeding of the abdominal wall, which, however,
could be overcome conservatively.

The sterile side-view laparoscope, which has been slightly warmed, is
then introduced under direct vision. (s. fig. 7.18) Subsequently, the
insufflation tube is removed from the Veres cannula and fitted to the
trocar. It has proved beneficial to leave the closed Veres needle (ready
for use) in its position throughout the procedure of laparoscopy.

Staff requirements

Apart from the endoscopist (with intensive-care experi-
ence), a further physician should attend the laparoscopy
(if possible). Two nurses trained in intensive care are
required to assist. This staff constellation has proved
optimal. (253)

Monitoring by apparatus

The patient is monitored by means of blood pressure
measurement, ECG, and pulse oximeter. A trolley with
emergency equipment must always be at hand in the
endoscopy room. Further, the possibility of electroco-
agulation should be given in case there is delayed bleed-
ing. • Consideration must be given to a number of
dangers which can be involved in producing the
pneumoperitoneum or inserting a trocar. (183, 188, 206,
217, 220, 254, 262) (s. tab. 7.15)

2.7 Course of examination

Initial inspection focuses on the position of the Veres
needle and, if necessary, the position is adjusted. • To
ensure correct examination, an established inspection
schedule has proved useful. When such a schedule is ap-
plied as a matter of routine, important findings or add-
itional information will not be overlooked. • With ex-
treme changes in position, vertigo, nausea, respiratory
distress and a tendency to collapse may be witnessed,
but these symptoms rapidly ease off once the body pos-
ition has been normalized. • Altogether, the examin-
ation procedure entails 4 different positions. In this way,
optimal results can be obtained.
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Position 1 All-round view of the entire ab-
dominal cavity in a supine position
(� peritoneum, omentum, bowel
loops, adhesions).

Position 2 Inspection of the right upper abdomen
with the upper body raised in left
rotation (� right lobe of liver, gall
bladder, round ligament, falciform liga-
ment, duodenum).

Position 3 Inspection of the left upper abdominal
region with the upper body raised in
right rotation (� left lobe of liver,
spleen, round ligament, falciform
ligament, phrenicocolic ligament,
stomach, diaphragm with oesophageal
foramen, pancreas).

Position 4 Inspection of the minor pelvis in a
head-down position and in right and
left rotation (� coecum, appendix,
uterus, Fallopian tubes, ovaries,
hernial orifices).

2.7.1 Assessment of the portal vessels

The development of portal hypertension is detectable at
a very early stage by the dilatation of small venous ves-
sels in the greater omentum, at the serosa of the stom-
ach, at the parietal peritoneum, and in particular at the
round ligament and falciform ligament. A further in-
crease in portal hypertension produces tortuosity of
the dilatated fine calibre veins. • Collateral circulatory
pathways ultimately develop, mostly noticeable at the
phrenicocolic ligament, round ligament and falciform
ligament with a progredient recanalization of the um-
bilical vein (s. figs. 6.7; 14.12; 35.11) and paraumbilical
veins (� Cruveilhier-von Baumgarten syndrome) (s. fig.
7.4) as well as in an area with adhesions (“spontaneous
Talma” effect). (s. pp 152, 256) (s. figs. 7.5; 14.11)

2.7.2 Assessment of the spleen

Each laparoscopy should aim at a visual assessment of
the spleen in terms of (1.) size, (2.) colour, (3.) shape, and
(4.) identifiable spleen diseases. Special mention should be
made of capsular fibrosis, hyalinosis (“sugar-coated
spleen”), tumours (e. g. Hodgkin’s disease, retothelial sar-
coma), tuberculosis, splenic cysts, splenic infarction (s.
fig. 35.10) and splenic haematoma. Given appropriate
positioning, the spleen is visible in 80% of cases. In the
case of myeloproliferative diseases, a biopsy of the spleen
(e. g. by means of the Menghini technique) can provide a
definitive diagnosis. (s. pp 135, 253) (s. figs. 11.1; 14.7) (see
chapter 11)
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Fig. 7.4: Cruveilhier-von Baumgarten syndrome in alcohol-
induced cirrhosis

Fig. 7.5: Portal hypertension with pronounced collateral circu-
lation in an area with adhesions (“spontaneous Talma” effect)

2.7.3 Tumour staging

In 1979 T. Hald et al. reported on the importance of lapa-
roscopy in the staging of tumours of the efferent urinary
tract. In 30�60% of cases, imaging procedures do not
allow the inoperability of liver tumours to be recog-
nized. Preoperative staging by means of laparoscopy
showed a sensitivity of 78% and a specificity of 100%.
Some 70% of the liver surface can be assessed (as can
parts of the underside of the liver when the lobes are
lifted). After the noninvasive staging procedure (� re-
cording of TNM classification and other prognostic fac-
tors) has been performed, laparoscopy should be used
to evaluate operability. (254) • It is also possible for
metastases to develop in liver cirrhosis; this was con-
firmed in 11.4% of cases. (332) • Despite careful prelim-
inary examinations, it was only laparoscopic staging
which rendered the detection of peritoneal metastases
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possible in 9.1% (211), 35% (321) and 40% (252) of cases,
whereupon inoperability was established. • After surgery
on ovarian cancer, peritoneal metastases can be ex-
pected frequently due to lymphogenic factors � in 22%
of cases, this could only be detected by means of laparo-
scopy. (211) • In tumour staging after application of the
available imaging methods in patients with oesophagus
and/or gastric cardia cancer, metastases could actually
be detected by means of laparoscopy in 24% (210) to
76% (323) of cases. (219, 252, 273, 278, 291) • In patients
with pancreatic carcinoma, the laparoscopic detection
rate for abdominal metastases varied from 24% to 42%.
(186, 292, 320, 321) • In 23�38% of cases, an unnecessary
laparotomy could be avoided. (186, 278, 291, 321) Laparo-
scopy is the best method for the detection of metastases
of the omentum and/or peritoneum. (187, 199, 218, 223,
239, 253, 258, 302, 330) (s. figs. 7.6; 37.28, 37.29)

Fig. 7.6: Metastasis of a melanosarcoma in the area of the greater
omentum (it is as a rule not detectable with US or CT)

2.7.4 Fever of unknown aetiology

It is not always possible to attribute the symptom of
“fever” to a specific disease. In unexplained febrile
states, laparoscopy provides valuable diagnostic aid in
differentiating the respective changes of the liver in
order to detect rare and otherwise unidentifiable dis-
eases. (63, 97, 229, 249, 304) • This was impressively demon-
strated by one of our own cases of small nodular liver
tuberculosis detected by laparoscopic (and histological)
diagnostics, which had been preceded by sojourns at two
hospitals and unsuccessful implementation of all diagnos-
tic possibilities. (254) (s. fig. 24.5) (s. also p. 737 and fig.
24.2) In view of the “uncertainty” inherent in unex-
plained febrile conditions with liver enzyme activity, we
consider percutaneous liver biopsy to be too dangerous
and too unreliable in its outcome. By means of laparos-
copy, it was possible to explain the cause of fever (after
ineffective application of every other examination
method) in 37% (with the involvement of the abdominal
organs in up to 94%) (229) and in 66% of cases. (304)
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2.7.5 Assessment of the lymphatic vessels

The transparent-white lymphatic vessels, which nor-
mally are not (or hardly) identifiable, allow the lymph
to flow to the falciform ligament in a deltoid manner.
Visible lymphatic vessels are in general deemed to be
congested and hence are indirectly suggestive of liver
disease. Congested lymphatic vessels appear as blue-
grey/silver-grey pathways, often displaying fine fibrotic
introsusceptions. In cases of jaundice, the lymphatic ves-
sels take on a distinct yellowish/brownish colour. With
pronounced dilation, segmentation of the walls is evi-
dent. (s. figs. 7.7; 16.4)

Fig. 7.7: Congested lymphatic vessels in the area of the medial part
of the right lobe of liver (insertion of the left falciform ligament
can be clearly identified) with partial vessel wall segmentation.
Here in chronic toxic hepatitis

2.7.6 Ascites of unknown aetiology

According to our knowledge, the explanation of the
aetiology of ascites goes back to O.E. Nadeau et al. (1925)
and S.M. Fierst et al. (1975). After the unsuccessful
application of all diagnostic procedures available today,
laparoscopy ascertained the cause of ascites in 86% of
cases. (207, 290) (s. figs. 16.9; 37.22)

2.8 Photographic documentation

Each pathological or interesting finding should be docu-
mented by colour photography. Laparoscopy without
photographic documentation would be rather like an
X-ray examination without the X-ray picture. However
precisely a particular finding might be described, it can
never convince in the same manner as a coloured photo
can. Written findings and colour photography must
complement one another. (cf. physician’s obligation to
keep records!)
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It would be of great benefit to the pathologist if a
colour Polaroid shot was enclosed with each sample
of laparoscopic material obtained by liver biopsy �
in addition to laboratory values, diagnostic issue in
question and description of the liver surface. In
evaluating the liver biopsy, the pathologist should be
aware of the traditional dual assessment of an organ:
macroscopy � histology.

Documentation of findings is facilitated by reflex camera and
Polaroid camera for coloured photos. Various zoom ranges are
used with extracorporeal flash. The film material should be highly
sensitive and fine-grained. The photos should be sharply focused
close-ups of the main subject. The middle ray of light should be
directed vertically, and not tangentially. For photolaparoscopy, the
sterile drape of the patient is covered with an extra sterile slit
drape, so that the nonsterile photographic techniques can be car-
ried out on top of it. Once the photos have been taken, the slit
drape is removed and new sterile gloves put on.

2.9 Directed biopsy

Providing there are no contraindications, each laparos-
copy should incorporate a directed liver biopsy (H. Kalk

et al., 1943). This is mainly performed by making a second
incision in the right upper abdominal region below the
costal arch in the area of the right liver lobe, as a rule
using a Menghini needle.

� In cases of cirrhosis and pronounced fibrosis or
scarred liver, the danger of bleeding can be greater than
the benefit of additional histological information.
Moreover, use of the Menghini needle only produces
crumbly liver fragments from the cirrhosis (rich in con-
nective tissue), which are not reliable in their histo-
logical relevance (compare the fragments of fibrotic liver
in chronic porphyria cutanea tarda as shown in figure
7.10!). Even without a biopsy of the cirrhosis, the re-
quirement for objective documentation of all important
findings is fully satisfied by coloured photographs. (s.
figs. 7.15, 7.16)

� Unclear structures can be punctured with a fine
needle initially as an exploratory procedure (consist-
ency? cyst? blood vessel?) before the Menghini needle
is used. Reports have been written, for example, on the
laparoscopic diagnosis of Budd-Chiari syndrome (190),
liver abscesses (232), peliosis hepatis (236, 305), FNH (204,
236), Osler’s disease (306), and unclarified cholestasis.
(280, 299)

� In all cases of doubt, or when findings of the right
and left lobe of liver differ, both lobes should be bi-
opsied (possibly at two different sites): the right lobe by
using the customary second puncture, the left lobe by
using a particularly long Menghini needle inserted
through the operating laparoscope.

� It should be noted that findings in the area of the
right lobe of liver can be checked later by percutaneous

157

biopsy � whereas this is not possible in the case of the
left lobe.

� With all difficult cases, there is a possibility of taking
a second or third biopsy punch to produce a greater
histological yield (e. g. in cases of granulomatous
changes, haemochromatosis).

� The site of puncture must be easy to observe. The
direction of the puncture should be as diagonal as pos-
sible to the liver surface, mainly in the lateral (or medial
cranial) part of the right lobe of liver. (s. fig. 7.8) When
puncturing the left lobe, thought must be given to its
significantly smaller diameter (and the danger of “pier-
cing through“).

Fig. 7.8: Recommended, low-risk and contraindicated areas of
puncture for liver biopsy

In cirrhosis and fibrosis, the biopsy needle used will
either be the Vim-Silverman needle or the Tru-Cut
needle. Adequate tissue can thereby be obtained for as-
sessment. Because of the increased bleeding tendency
connected with these needle types, the diameter should
not exceed 1.6 mm (which is generally not required any-
way). The liver is punctured tangentially, mainly in the
lateral area of the right lobe. Subsequent to the punc-
ture, the stylet is removed, the outer cannula advanced,
the inner needle sheath pushed forwards in a rotating
movement out of the outer cannula before both are
finally withdrawn together.

With circumscribed liver findings, the liver biopsy can
mostly be carried out using Robbers’ forceps (H. Robbers

et al., 1951) (� double-spoon forceps with both lancet
jaws opening). By reason of the very shallow and diag-
onal setting of the biopsy, there is less danger of bleed-
ing and biliary leakage. • Occasionally, certain findings
call for combined tissue biopsy by means of needle
biopsy and forceps biopsy of the liver and/or forceps
biopsy in the area of the remaining abdominal cavity.
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Aftercare for each point of puncture should be con-
tinued until the bleeding has definitively stopped and
delayed biliary leakage can be ruled out. Upon termin-
ation of laparoscopy, the site of puncture and the ab-
dominal cavity as well as the point of exit of the Veres
cannula must be checked for signs of bleeding. The
Veres cannula should be withdrawn under observation.

Bleeding after liver biopsy generally stops spontan-
eously and definitively. Compression of the low-angle
puncture canal (20�30°) with a (bulbous) probe can
help in this respect. Further methods of arresting the
bleeding include local application of thrombin solution,
electrocoagulation, Heather method, BICAP technique
(s. p. 351), fibrin glue injection (311), positioning of a
gelatine cylinder (221), argon-plasma coagulation, and
arterial embolization. (83, 115)

Management of biliary leakage (s. fig. 7.9) can be at-
tempted by using a dissecting sponge, compressing the
puncture canal with a palpation probe or drawing off
the bile by suction. Electrocoagulation is also deemed
reliable, as is the introduction of a drain through an
appropriately placed trocar. It was also our own experi-
ence (253) that operative intervention was not neces-
sary. (121)

Fig. 7.9: Biliary leakage from biopsy canal after puncture

2.10 UV fluorescence

Porphyria cutanea tarda and chronic hepatic porphyria
are characterized by porphyrin fluorescence in the liver
cell. For every 1,000 biopsies, there are 3�5 red fluor-
escent liver specimens. Unfortunately, such UV examin-
ations of the biopsy material are not carried out regu-
larly. In cases of indeterminate diagnosis, red fluor-
escence can confirm chronic hepatic porphyria that has
hitherto remained unidentified. (s. fig. 7.10)

After being extracted, each biopsy specimen should be
examined in a dish with physiological NaCl solution
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under UV light (366 nm) for a period of some 15 min-
utes, so as not to overlook the typical red fluorescence
of chronic hepatic porphyria: types A and B only show
isolated red fluorescent spots in the liver sample, type C
(as a clinically latent form) already displays a net-like
red fluorescence and type D (as a manifest form) a
homogeneous distribution of red fluorescence. (s. fig.
7.10) • The pathologist will notice the uncharacteristic
liver changes, but is not in a position to attribute their
genesis to porphyria. (16) For this reason, chronic hepa-
titis or cirrhosis sometimes remain unexplained and
hence “cryptogenic”.

Fig. 7.10: Red fluorescent liver specimen in porphyria cutanea
tarda (type D)

2.11 Extrahepatic findings

The diagnostic yield of unexpected, even surprising,
extrahepatic findings is quite high at 5�10%. Among our
5,992 laparoscopies, we witnessed 452 such findings
(� 7.5%): e. g. adhesions (s. figs. 7.1�7.3), peritoneal
tuberculosis (191, 233) (s. fig. 7.11), and carcinosis (199) (s.
figs. 7.6; 37.28, 37.29), diverse malignomas (s. fig. 7.12),
Fitz-Hugh-Curtis syndrome (s. fig. 24.2), endometriosis,
myomas, ovarian cysts, Stein-Leventhal syndrome (s. fig.
7.13), Hodgkin’s disease (s. fig. 38.8), chronic appendi-
citis, echinococcus, and so on. (253) • In cases of unex-
plained pain in the abdomen, laparoscopy is indicated as
a last resort for clarification of the complaints. (254, 295)
This is necessary above all in differential diagnosis be-
tween gynaecological disease and appendicitis. (195, 250,
324) In suspected appendicitis, appendectomy frequently
proved to be the wrong decision: in 23% of cases involving
young women, a gynaecological cause of complaint was
found; however, in older patients (> 50 years), appendi-
citis was actually detected in 92�96% of cases. (195) • The
clinical picture of an acute abdomen could be clarified in
> 85% of cases by means of exploratory laparoscopy. (184,
267, 295) • The opportunity of clarifying unexplained symp-
toms by exploratory laparoscopy should be made use of
whenever possible. At this early point, it is of no import-
ance whether the ultimate explanation or definition of
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Fig. 7.11: Peritoneal tuberculosis: fever of unknown aetiology in a
severe course of disease

Fig. 7.12: Gall-bladder carcinoma: clinical and radiological sus-
picion of “cholecystopathy”

findings proves to be clinically relevant in the individual
case, or without significance. (200, 230, 251)

2.12 Complications

The type and frequency of complications involved in
laparoscopy are determined by the same influencing fac-
tors as were outlined for the complication rate of percu-
taneous liver biopsy. (s. tab. 7.5) With each compli-
cation, these factors should be considered critically and
without bias.

The most frequent complication by far is bleeding. If
this cannot be stopped conservatively, it may require
surgery � or it can even prove lethal. Injuries may occur
during the insertion of the Veres cannula and the trocar
when vessels and varices in the abdominal wall and
omentum as well as abdominal vessels have been
pierced. Isolated cases of bleeding have been reported
after injury to the spleen � which is perhaps under-
standable in splenomegaly, but nevertheless avoidable.
Liver puncture (as well as forceps biopsy in the case of
pathological abdominal findings) can be a further cause
of bleeding, above all in cirrhosis or liver tumours.
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Fig. 7.13: Stein-Leventhal syndrome: white, thickened capsule of
the right ovary. Clinical suspicion of pronounced liver damage due
to hormone therapy

Other severe complications worth mentioning include: per-
foration of hollow organs (gall bladder, colon, stomach,
small intestine, ovarian cysts), emphysema formation due
to gas insufflation, circulatory and cardiac arrhythmia,
respiratory arrest, rupture of the spleen (212) and injury to
the spleen (264), as well as the complications occasionally
occurring with liver biopsy (haemobilia (288), haematoma,
a. v. fistula (297), biliary leakage, sepsis (214), etc.). (183, 192,
215, 220, 228, 244, 266, 275, 284, 303) The (disturbing) occur-
rence of bradycardia is not usually evident when atropine
is administered as routine premedication. (s. pp 145, 153)
• Among our own 5,992 laparoscopies, we recorded 58
complications (0.97%), yet no instance of death. In five
cases of bleeding, operative treatment was required
(0.08%). (253)

During laparoscopy, we routinely maintain an intra-
venous drip. This has proved beneficial for additional
sedation as well as in those cases where complications
occur; it can therefore be recommended as a general
principle.

2.13 Frequency of complications

Compiled statistics and publications involving a larger
number of patients provide an overview of the fre-
quency of complications and cases of death. (s. tab.
7.16) In 17 laparoscopy series covering 46,364 patients,
a complication rate of 0.149% and a lethality of 0.054%
were established. (275) • Occasionally, the complication
rate was somewhat higher in centres with more frequent
examinations: it is indeed possible that the greater the
experience on the part of the physician, the more likely
it is that risks are taken in evaluating contraindications.
• With a decrease in the number of laparoscopies per-
formed, however, it must be expected that laparoscopic
experience will also decline, so that the incidence of com-
plications will (unfortunately) rise � a fact which might
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Author Total number Complications Cases of death
n % n %

Brühl, W. (1966)* 63,845 1,595 2.49 19 0.029
Look, D. (1975)* 21,387 336 1.57 3 0.014
Paolaggi, J. A. et al. (1976)* 34,597 176 0.51 33 0.09
Silvis, St. E. et al. (1976) 4,404 31 0.70 1 0.02
Wittmann, J. et al. (1979) 2,322 7 0.30 1 0.04
Takemoto, T. et al. (1980)* 31,652 300 0.95 24 0.076
Manenti, A. et al. (1980)* 3,000 49 1.66 4 0.133
Henning, H. et al. (1985)* 46,364 69 0.15 25 0.054
Kuntz, E. (1987) 5,992 58 0.97 � �
Marti-Vicente, A. et al. (1992) 8,915 54 0.60 10 0.11
Vargas, C. et al. (1995) 1,715 39 2.15 1 0.06

224,193 2,665 1.19 121 0.054

Tab. 7.16: Frequency of laparo-
scopic complications and cases of
death (* � compiled statistics)

be blamed all too easily on laparoscopy itself. Neither of
these extreme situation-related developments can be ac-
cepted. • Some of the complications observed in the past
(202, 220, 241, 284, 308) should not really be expected to-
day, given modern technical possibilities. Some statistics
not only included severe complications, but also harm-
less ones, a fact which explains the differences in per-
centages. • The frequency of more severe complications
is 0.15�0.80%, the total rate of significant complica-
tions can be put at < 1.0%. Based on compiled statistics,
the lethality rate is up to 0.07%. • Some 0.08�0.2% of
complications required operative intervention. • Regis-
tration of all complications (even slight or harmless
events) resulted in a complication rate of 3.0% (266) and
4.87% (228). • In 6,000 laparoscopies of our own, the
complication rate was 0.97%, with a mortality rate of
0%. (253) • Out of 20,000 laparoscopies, the largest
number ever registered in one hospital, E. Wildhirt re-
ported just 2 cases of death (0.01%). (328) • The largest
number of laparoscopies to be performed in a single
hospital is believed to be over 50,000 (R. Llanio et al.,
Habana/Cuba) (personal communication).

2.14 Diagnostic validity

The accuracy of histological diagnosis depends on
(1.) the biopsy specimen being large enough (> 1.5 cm,
5�10 portal fields) as well as being definitively as-
sessable (1, 64, 96, 148, 171) and (2.) whether the speci-
men can be deemed to be representative for the liver
� bearing in mind that the usual weight of a biopsy
punch amounts to 20�30 mg (i. e. 1/75,000 to 1/
50,000) of the total liver. • It depends equally on the
hepatological experience of the investigating patho-
logist and on the findings available to him (possibly
including a Polaroid photograph of the liver!). • It
was shown in a study that when the histological result
was double-checked by a pathologist with extensive
experience in hepatology, there was complete agree-
ment only in 34.4%, considerable discrepancy in 28%
and slight discrepancy in 37.6% of cases. (6)
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Diffuse liver diseases: Histological findings of the biopsy
specimen are generally considered to be representative
for the given liver disease. The accuracy of percutaneous
bioptic diagnosis is 80% to 100%. • The colour of the
biopsy specimen, which varies from pale yellow (fatty
liver) to greenish-black (metastasis of melanoma), may
give a hint of the respective underlying disease. (s. fig.
7.14) (28, 107, 109, 111, 134, 166, 222, 227, 238, 257, 286, 209,
317, 319, 328)

Fig. 7.14: Liver biopsy specimens: I. in fatty liver (pale yellow), II.
in a metastasis of a malignant melanoma (greenish-black)

Focal liver diseases: Biopsy material cannot be guaran-
teed as being representative. A higher degree of diagnos-
tic accuracy can be achieved by a 2 to 3 fold liver biopsy
in the course of a laparoscopic-bioptic examination of
both lobes of liver. The same is true for peliosis hepatis
(236, 305), granulomas and chronic hepatitis C, for ex-
ample. (120)

� Cirrhosis: In cases of cirrhosis, consideration must be
given to the fact that the condition relates to the entire
liver � yet not necessarily to each lobular area. For this
reason, micronodular cirrhosis is generally better tar-
geted (95%) than macronodular cirrhosis (60%). (84)
Under certain circumstances, the biopsy of a large re-
generative node can lead to the (understandably) wrong
diagnosis of a “practically normal liver parenchyma”.
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Consequently, the false-negative rate with percutaneous
biopsy of cirrhosis lies between 9.3% and 51% (84, 201,
231, 238, 253, 274, 283, 289, 309, 317, 318, 331) and can even
be as high as 80% if the yield is smaller than 5 mm. (64)
This high error rate is caused by the Menghini needle
slipping off the cirrhotic connective tissue and penetrat-
ing the neighbouring soft regenerations. The Menghini
technique usually only produces crumbly fragments of a
cirrhotic liver, since fibrous tissue septa remain in the
liver, rather like the panicles of a stripped leaf. Such
fragments generally suggest the presence of cirrhosis,
even if the pathologist is unable to make a definitive
diagnosis. (s. figs. 7.15, 7.16) • A percutaneous bioptic
diagnosis of cirrhosis is not acceptable because of the
wide margin of error and the greater risks involved with
the biopsy. Laparoscopy with its additional techniques �
now deemed to be the gold standard � ought to be per-
formed instead. • The diagnosis of liver cirrhosis, and its
differentiation from fibrosis and scarred liver, can as a
rule be reliably established by looking closely at the sur-
face of the liver (“glance diagnosis”). Findings should
also be documented by colour photography. (s. figs.
14.3; 16.5; 28.7, 28.13; 31.24; 32.5; 33.4; 35.2, 35.3, 35.6,
35.8, 35.14!)

Fig. 7.15: Active, micronodular, in part moderately nodular (al-
cohol-related) cirrhosis with pronounced pathways of postnecrotic
connective tissue

Due to their cutting action (which differs from the
Menghini technique), Vim-Silverman and Tru-cut
needles produce a sufficiently large and almost intact
cirrhosis tissue sample. As a consequence, the false-posi-
tive results can be brought down to below 10%. Never-
theless, the risk of subsequent bleeding is clearly higher.
For this reason, the diameter of the needle should not
exceed 1.6 mm.

� The combined examination with laparoscopy and dir-
ected biopsy (thick- or fine-needle biopsy or use of Rob-
bers’ forceps) yields the greatest diagnostic accuracy at
97�100%. This has been impressively confirmed in chil-
dren as well. • Foci not visible by laparoscopy can be
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Fig. 7.16: Inactive, micronodular (drug-related) cirrhosis with fine
pathways of connective tissue; clinically and histologically defin-
able as “liver fibrosis” (sonographically no signs of portal hyper-
tension)

detected by ultrasound- or CT-guided biopsy and fine-
needle puncture. Occasionally, an existing liver disease
cannot be differentiated morphologically, simply be-
cause biopsy is contraindicated.

� Laparoscopy is particularly significant in differen-
tiating between benign or malignant foci, such as ade-
noma with malignant degeneration (s. fig. 29.14), haem-
angioma (s. figs. 36.6, 36.7), focal nodular hyperplasia
(s. fig. 29.12), Hodgkin’s disease (s. fig. 38.8), carcinoma
in cirrhosis (243) (s. fig. 37.7), metastases in the area of
the liver, ligaments or serosa (s. figs. 37.28, 37.29), etc.
Exploratory laparotomy, which was used in the past, is
now obsolete. • Usually, in such cases, there is often no
need of “one-second needle biopsy” � just “one-second
glance diagnosis” might well be fully sufficient for an
exact assessment. (see chapters 36 and 37)

� The cost factor must likewise be considered; in
Germany, for example, laparoscopy is very reason-
able at about 75 US dollars as compared to scintigra-
phy (approx. 130 US dollars), CT (approx. 240 US
dollars) and MRT (approx. 400 US dollars).

� From the point of view of hepatological detailed
diagnosis, it is necessary to carry out liver biopsy, la-
paroscopy or fine-needle biopsy, depending on the
diagnostic issue in question. They are part of the
diagnostic routine of a clinical hepatologist. (24, 135)
A high degree of experience resulting from the rou-
tine performance of laparoscopy also guarantees a
maximum of diagnostic findings in combination with
a minimum of complications. In this connection, a
laparoscopic training programme has proved most
useful. (285, 315) Such programmes might help in fu-
ture to revive laparoscopy as a routine method of
investigation � even under outpatient conditions.
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3 New technical progress

� With the help of fibre optics it has been possible to
develop much smaller instruments with a diameter of
2 mm (max. 2.75 mm) � so-called mini-laparoscopy. (s.
fig. 7.18) Clinically speaking, this revolutionary tech-
nique has stood the test in an excellent manner. (235)
This also applies to the field of hepatology, especially
concerning high-risk patients. (225, 226, 271, 300) The
lighting conditions are still not completely satisfactory
and illumination is often insufficient. Up to now, only
prograde optics have been available (cf. conventional la-
paroscopy with side-vision and angle optics). (s. fig.
7.17) Nevertheless, we now have a minimally invasive,
elegant and safe technique for exploratory laparoscopy
and targeted biopsy at our disposal. This new technique
will signify the renaissance of laparoscopy, probably
also under outpatient conditions.

� The introduction of laparoscopic sonography has
opened up new diagnostic possibilities. (s. p. 138) (s. tab.
7.10) This applies above all to the detection of intrahe-
patic metastases, lymphnodular metastases and changes
in the vascular system. In 46% of patients, new insight
was gained, which led to a modification of therapy in
40% of cases. (219) In 10% of patients, intrahepatic me-
tastases, some with a diameter of < 1 cm, were dis-
covered with the help of this technique, even in seg-
ments 3 and 4 (H. Foroutani et al., 2000).

� It is to be expected that by means of light-induced
fluorescence diagnostics, further improvements in the
differentiation of morphological findings can be
achieved.

Fig. 7.17: Conventional laparoscopy equipment: (1.) laparoscope, �
10 mm, distortion-free, angle of view 0 °, working length 300 mm;
(2.) laparoscope, � 5.3 mm, distortion-free, angle of view 25 °,
working length 300 mm; (3.) laparoscope � 3.5 mm, working
length 180 mm; (4.) Veres cannula including Luer connector,
working length 120 mm; (5.) operating laparoscope, � 10 mm,
distortion-free, with right-angled eyepiece, 5 mm working channel,
with detachable automatic instrument valves, angle of view 0 °,
working length 265 mm; (6.) trocar sleeve, with insufflation tap
and magnetic-ball valve, metal sleeve standard, straight distal tip,
working length 100 mm; (7.) trocar, pyramidal tip. (autoclavable)
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Fig. 7.18: Mini-laparoscopy equipment: (1.) trocar sleeve, � 5.5
mm, with insufflation tap and magnetic-ball valve; (2.) trocar,
conical tip; (3.) mini fibre laparoscope, � 2 mm, angle of view 0 °,
working length 270 mm; (4.) Veres cannula, � 2.3 mm, with outer
sheath, working length 270 mm. (autoclavable)
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8 Radiological diagnostics

A definite diagnosis is often not obtained in liver disease
despite the combined use of the mainstays of diagnostics:
(1.) clinical findings, (2.) laboratory examination data,
and (3.) ultrasonography. Possibly even (4.) morpho-
logical analysis has been unproductive or was not indi-
cated at all. This raises the question of using special
radiological and nuclear medical examination tech-
niques. • Diagnostic problems may arise, especially with
regard to the following issues:

� Identification of intrahepatic foci
� Clarification of the benignancy or malignancy of

focal liver lesions
� Differentiation of vascular-related liver diseases
� Detection of alterations regarding the bile ducts
� Differential diagnosis of mechanical jaundice
� Assessment of portal hypertension
� Extent of collateral vessels
� Unclarified diffuse alterations of the liver paren-

chyma
� Control following liver trauma
� Staging of malignant tumours
� Checking indications for surgical intervention
� Examination before and follow-up after liver

transplantation

Different radiological procedures are available for clari-
fying these diagnostic issues. (s. tab. 8.1)

1. Computer tomography (CT)
2. Magnetic resonance imaging (MRI)
3. Arteriography
4. Portography
5. Phlebography
6. Cholangiography

Tab. 8.1: Radiological procedures used in the diagnosis of hepato-
biliary diseases

� These various imaging techniques (s. tab. 8.1) � as
well as some nuclear medicine-based methods (see chap-
ter 9) � enable key features of benign and malignant
tumours to be recognized, including (1.) vascularity, (2.)
internal structure, (3.) hepatocyte functions, (4.) biliary
tract, (5.) bile secretion, (6.) calcification, and (7.)
Kupffer cell activity.

1 Computer tomography
� Tomography was developed by A.E.M. Bocage and registered
as a French patent in the same year. It was further developed
in the form of transversal (and axial) tomography by H. Vieten

(1936) and registered as a German patent. A research team
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headed by A. Gebauer presented a device for use in clinical prac-
tice in 1945. • The introduction of computer tomography (CT)
into medicine by G. N. Hounsfield in 1971 (skull CT) and as
computerized transverse axial scanning (tomography) in 1973
was a revolutionary event comparable with the discovery of X-
rays by W. C. Röntgen in 1895. (15) • As early as 1975, the first
normal CT scan of the upper abdomen was reported (R. J. Alfidi

et al.) (1), and in the same year, the first pathological findings
from abdominal diseases (relating to the liver) were also pres-
ented (D. Schellinger et al., 1975). (38)

1.1 Principle
In computer tomography, the attenuations of many finely focused
X-rays are measured by detectors and converted to electrical sig-
nals. These values are transmitted to a computer. Subsequently, the
absorption value of each image point is calculated and displayed in
a complex digital image. The transmission of X-rays through the
body occurs in the form of fan beams and is recorded by a rotating
detector fan (3rd CT generation). The 4th CT generation is charac-
terized by a static detector crown, spanning 360 degrees, around
which the X-ray source continually rotates. (9) • More advanced
spiral CT facilitates spiral scanning, permitting continuous imag-
ing of the analyzed area while the patient holds his/her breath.
This provides accurate anatomical data without respiratory arte-
facts and with optimum exploitation of the CM bolus. (3, 5, 6,
10, 12)

In contrast to ultrasonography, which is based on the recording
and imaging of the reflection of sound waves between tissues with
varying acoustic impedance, the radiological signal is produced by
differences in absorption. • With the radiation doses used (100�140
kv), the absorbed dose of energy corresponds to 0.013 Gy (1.3 rad)
per tomographical slice. By using many finely focused X-rays, the
dose is largely restricted to the body layer to be imaged. Therefore,
only a relatively low scatter of radiation has to be taken in con-
sideration. The radiation exposure of a CT scan is comparable
with that of a plain radiograph of the abdomen.

With consecutive tomograms, the thickness of each
section of the body is 5-8-10 (�12) mm. In individual
cases, additional thin-section tomograms of 1 mm can
be obtained. Resolution is 1 � 2 mm in the hepatic area,
with an accuracy in attenuation values of up to 0.5%.
In this way, the values for a particular cross-
section and their spatial distribution are visualized in a
scan. This results in blur-free, anatomically precise
imaging of a layer of the body in an axial plane. CT
scans provide satisfactory information if an object
diameter of 1.5 to 3 mm is resolved with a density
gradient of 0.5% to the surrounding area at an integral
dose of 10 mGy.

1.2 Hounsfield units

The attenuation values are given in Hounsfield units
(HU), the density scale ranging from �1,000 (� air)
through 0 (� water) to �1,000 (� bone). These 2,000
shades of brightness are recorded by the computer, but
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are not perceived by the human eye. Due to the tech-
nical possibility of choosing only a small part of the
Hounsfield scale and shifting it within an organ section,
smaller differences in density can be more easily de-
tected. Thus within certain limits, CT is indeed able to
provide information about the kind of lesion involved.
The special value of CT lies in the possibility of de-
termining the density of various tissues, e.g. the struc-
ture of fatty tissue is identifiable. This option helps with
the differential diagnosis of space-occupying processes
(benign vs. malignant). There may be slight fluctuations
in the normal Hounsfield units caused by small vessels
included in the measuring volume. • The terms hypo-
dense, isodense and hyperdense are used to describe
pathological changes. (s. p. 126)

1.3 Contrast media
(1.) A major improvement in the diagnostic power from native CT
is achieved by the use of contrast media (CM) (1�1.5 ml/kg BW;
1�5 ml/sec), transported via the kidney or in the bile. The CM is
administered as i.v. infusion using programmable infusiomates or
in the form of an i.v. or intra-arterial bolus. With the currently
used conventional CT apparatus (which has a short scanning
period of 0.7�5.0 seconds), i.v. administration of a CM bolus (if
necessary, with additional i.v. infusion of CM) has proved most
effective with regard to the subsequent rapid imaging (4�8 pic-
tures during the first minute) of dynamic-sequential CT. This pro-
vides detailed assessment of CM dispersion in the intravascular
and extravascular areas. (25) The differences in density between
the various organs and between the normal liver parenchyma and
pathological tissue structures are markedly accentuated. Further-
more, the arterial phase, enhancement of the parenchyma and the
phase of venous drainage are recorded simultaneously. • The value
of cine CT with extremely short scanning periods (7 pictures per
second) has not yet been defined with respect to liver diagnostics.

(2.) Application of CT arteriography (CTA) through the hepatic
artery or CT arterioportography (CTAP) corresponding to indirect
splenoportography (i.e. via the superior mesenteric artery or
splenic artery) is considered to be the most efficient procedure in
the diagnosis of focal liver lesions. However, it has the disadvan-
tage of being an invasive method. Exact indications (above all for
preoperative use) have been defined. • Modern spiral CT (SCTA or
SCTAP) with i.v. (not intra-arterial!) injection of contrast medium
facilitates excellent angiographic tissue reconstruction on an out-
patient basis. (6)

1.4 Normal liver

The normal liver is characterized by smooth contours
and a homogeneous density of 1.068 � 0.005 g/cm3.
The absorption values are 60 � 6 HU (or 64 � 5 HU).
Major vessels are delineated as hypodense areas with
values of 40�45 HU. The bile ducts near the hilus are
occasionally recognized by their hypodensity (5�15
HU); imaging is improved by using a biliary contrast
material. CT permits good visualization of the gall blad-
der. The density of a normal liver is either the same as
or up to 8 HU higher than that of the spleen. In some
cases, the segments can be delineated.
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Volumetry: Using CT, it is possible to determine the size,
shape and volume of the liver with considerable accur-
acy. Hepatic volumetry can be performed with high-
level reliability (deviation � 5�10%). (48)

Falciform ligament: Reduction in the density values in
the area of the falciform ligament is explained in the
literature by fat deposition. (s. fig. 8.1) • In more than
6,000 laparoscopies, I have never observed any fat de-
position at the areas of attachment of the falciform liga-
ment (neither in the liver nor at the abdominal wall) or
on the transparent ligament itself. (s. fig. 16.4!) • I did,
however, frequently find mesenteric fatty tissue along
the round ligament. In addition, intrahepatic fat deposits
under the falciform ligament are not known either to
the anatomist or the pathologist. • This finding is prob-
ably the round ligament, which is occasionally rich in
fat, or regional (pathological?) fatty degeneration, as
shown in figures 8.3 and 8.4. (s. p. 127)

� Up to now such (oval) fat deposition has been inter-
preted by the radiologist as being a falciform ligament
(s. fig. 8.1) � this viewpoint must now be reconsidered.
It should in any case be noted that the falciform liga-
ment is totally devoid of fat!

Fig. 8.1: Frequently recorded reduction in density in the area of
the falciform ligament (here: 11.4 HU) resembling “fatty tissue”
(possibly a round ligament?) (s. pp 127, 132)

1.5 Contraindications

Contraindications include (1.) pregnancy, especially in
the early stages, (2.) known contrast-medium intoler-
ance (restricted to native CT), and (3.) renal insuf-
ficiency (in which only native CT may be used). With
creatinine levels of >1.5 mg/dl, the administration of
contrast material is only advisable after consulting an
experienced nephrologist. (4.) In existing hyperthyreosis
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(latent or manifest), the thyroid gland must be blocked
with sodium perchlorate and even treated with carbima-
zole if necessary � because of the application of a CM
which contains iodine (ca. 300 mg/ml). • A relative
contraindication applies to diabetics treated with the oral
antidiabetic metformin hydrochloride, as this compound
competes with the CM in the kidney for elimination.
The drug should be discontinued 2 days prior to the
administration of the contrast medium.

1.6 Indications

The indication for the use of CT is only given after a
careful (and as far as possible repeated) ultrasono-
graphic examination. Due to the considerable amount
of technical equipment required and the high costs in-
volved as well as the radiation exposure associated with
this method, CT is not a routine examination procedure.
Clinical indications should be assessed thoroughly and
must in themselves be justified. (9) (s. tab. 8.2)

1. Primary liver tumours
� Primary liver cell carcinoma (5, 11, 18, 23, 28, 30, 31)
� Haemangiopericytoma, -endothelioma
� Cholangiocarcinoma (55)
� Cystadenocarcinoma (4)

2. Secondary liver tumours
� Metastases (22, 39, 50, 53, 57)

3. Benign liver tumours
� Cysts (51)
� Abscesses
� Adenoma, FNH (2, 23, 24, 26, 34, 37, 42, 52)
� Haemangioma (17, 32, 35, 40, 54)
� Echinococcus (8)
� Tuberculosis (19, 21)
� Lipoma

4. Parenchymal disorders (29)
� Focal fatty infiltration (13, 36, 39, 45, 56)
� Cirrhosis (49)
� Haemochromatosis (20, 29)
� Primary sclerosing cholangitis (7)

5. Mechanical jaundice (47)
6. Condition following liver trauma (33, 41)

� Haematoma
� Rupture

7. Caroli’s syndrome (16, 44)
8. Prior to and after liver transplantation (43)
9. Fasciola hepatica (14)

10. Unknown ascites
11. Splenomegaly
12. Budd-Chiari syndrome (27)
13. Portal vein system (46)
14. Interventional measures

� punctures, drainage tubes
� chemoembolization

Tab. 8.2: Indications for computer tomography in hepatobiliary
diseases (with some references)
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1.7 Diffuse liver diseases

1.7.1 Fatty liver

In correlation with fatty infiltration, the fatty liver
shows a diffuse reduction in density with decreased
Hounsfield units. The fatty liver appears much darker
than the spleen (so-called grey liver). Hepatomegaly
with smooth contours is visible. The parenchyma is iso-
dense or hypodense compared with the vessels and bile
ducts, which is why (depending on the degree of fatty
infiltration) there is a reversal of density (so-called
“negative scan”). A linear correlation exists between the
extent of the fatty infiltration and the decrease in the
density recorded. An increase in the relative fat content
by 10% leads to a reduction in density of 17(�20) HU.

With fatty degeneration of about 80%, the density is
decreased to approx. �50 HU. CT may be useful in con-
trolling the course of a fatty liver, a scan through the
middle of the liver being sufficient for this purpose.

Fig. 8.2: Pronounced, toxic fatty liver following cytostatic chemo-
therapy with recorded values of between �9.9 and �1.1 HU. The
liver is homogeneously dark (compared to the bright spleen). The
vessels appear brighter (values of between �40 and �50 HU)

Fig. 8.3: Pronounced focal (regional) fatty degeneration of the liver
of varying intensity: both visual and confirmed by Hounsfield
units (�14, �9, �4, �30). Native CT, normal value �65 HU
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Stage differentiation between hepatocellular fatty infil-
tration and fatty liver is not feasible with CT. The suc-
cess rate for diagnosing a fatty liver by means of CT is
85�95%. (s. fig. 8.2) • Besides being diffuse and homo-
geneous, the fatty liver may also exhibit regional (lobu-
lar or segmental) focal fatty infiltration of varying de-
grees. (s. figs. 8.3, 8.4) (cf. figs. 6.12, 6.13) Occasionally,
focal infiltration is only barely, or not at all, distinguish-
able from a malignant tumour. Here MRI is an import-
ant additional procedure. (13, 36, 39, 45, 56) (see chapter
31.3)

Fig. 8.4: Segmental fatty degeneration of the liver (2 � 37.3 HU)
following application of CM compared with liver parenchyma of
normal density (1 � 68.5 HU), and the spleen (3)

1.7.2 Liver cirrhosis

As a rule, liver cirrhosis exhibits absorption values which
are no different from those of a normal liver. Advanced
stages show an enlargement of the caudate lobe and pos-
sibly also of the left lobe as well as alterations in form or
shrinkage of the right lobe (or both lobes) with fine to
coarse nodular irregularities on the surface. In some
cases, an increase in density of up to 60�70 HU is verifi-
able. Usually, splenomegaly and further signs of portal
hypertension are present. • Hypodense foci may indicate
HCC and should be examined with the aid of contrast
medium or MRI. (7, 29, 46, 49)

1.7.3 Haemochromatosis

Haemochromatosis leads to an increase in the density
of the liver parenchyma, which correlates with the ac-
cumulation of iron. CT scans reveal a remarkably dense
and bright liver parenchyma with density values of up
to �140 HU (so-called white liver). The deposition of
1 g iron results in a rise in density of 1 HU. (20) CT
densitometry clearly facilitates effective control of thera-
peutic success in this storage disease. It is not possible,
however, to differentiate pronounced secondary haemo-
siderosis. • Hyperdense values are also found in long-
term gold therapy, in glycogen thesaurismosis and M.
Wilson, or in chronic arsenic poisoning.
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1.8 Focal liver lesions

Even by means of computer tomography (like ultra-
sonography), a definitive distinction cannot be made be-
tween primary and secondary or benign and malignant
liver tumours, except in the case of liver lipoma. How-
ever, differentiation is greatly improved by using con-
trast medium and CT angiography. Radiomorphological
identification of focal lesions with a diameter of
< 0.3�0.8 cm is not (yet) possible, even with the aid of
more sophisticated appliances: geometric resolution and
density resolution have their limits. The density analysis
of focal findings will thus only yield reliable information
if the diameter of the focal lesion is within the range of
the twofold thickness of the section plane used. Com-
pared with liver parenchyma, most focal lesions are
hypodense. Hyperdense values (see above) are encoun-
tered with calcifications and occasionally also with fresh
bleeding and scar tissue. (2, 12, 18, 23)

The sensitivity of CT for the confirmation of focal
lesions is 84�96%, with a specificity of 86�100%.
Differentiation between intra- and extrahepatic ob-
struction was successful in 77�97% of cases; the lo-
cation of the obstruction was clarified in 79�98%,
and the aetiology of the obstruction was established
in up to 76% of cases.

1.8.1 Benign liver tumours

1. Adenoma is not characterized by any specific features
in CT. Density varies between hypodense and slightly
hyperdense. The contours are smooth. Following the ad-
ministration of CM, brief and homogeneous accumu-
lation mostly occurs in the adenoma with the appear-
ance of an initially hypodense margin, which is en-
hanced in the late phase as a hyperdense border. How-
ever, contrast medium which is transportable in the bile
cannot enter the adenoma, because it does not contain
any biliary structures. An adenoma is frequently dis-
tinguished from FNH by evidence of necrotizing areas
or sites of fresh bleeding; the latter are recognizable as
hyperdense areas. (24, 26, 52)

2. Focal nodular hyperplasia (FNH) is distinctly circum-
scribed, usually round or oval in shape and isodense to
slightly hypodense. As a rule, a predominantly hyper-
dense, central scar zone with stellate septa consisting of
connective tissue is visible. Following application of CM
(by i.v. infusion), equal concentrations are seen in the
liver parenchyma and hepatic tumour, so that the latter
may easily pass undetected. In contrast, following i.v.
bolus injection of CM, a short, marked and homo-
geneous enhancement occurs, except in the central cica-
tricial area. • By means of hepatobiliary sequential scin-
tigraphy, the diagnosis of FNH can be confirmed, par-
ticularly with regard to its differentiation from ade-
noma. (26, 34, 37, 42, 52) (s. p. 194)
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3. Cavernous haemangioma is hypodense; in some cases,
small hyperdense calcified foci are seen within the gen-
erally thrombotic centre. The contours of the haem-
angioma are usually smooth. Density is 35�55 HU. Bo-
lus injection of CM is an important diagnostic tool. In
the early phase (10�30 seconds), increased, predomin-
antly irregular or garland-form enhancement is ob-
served in the periphery, followed within a few minutes
by a slow centripetal increase in density up to isodense
values (so-called “iris-diaphragm phenomenon”). In the
late phase (>10�15 minutes), even hyperdense values
may be recorded with a parallel decrease in the density
of the surrounding liver parenchyma. (s. fig. 8.5) Haem-
angiomas with a diameter of >1.0 cm can usually be
diagnosed. Thrombotic or fibrotic processes within the
haemangioma make differential diagnosis more diffi-
cult. (17, 32, 35, 39, 54) • In our opinion, percutaneous fine-
needle biopsy is not advisable!

Fig. 8.5: Haemangioma (see arrow). Dynamic CT (contrast-en-
hanced); portal venous phase (s. figs. 6.15; 8.9; 36.6, 36.7)

1.8.2 Vascular lesions

1. Hepatic haematoma mostly appears as a well-defined
hypodense area; branching is seen in some cases. Intra-
hepatic haematomas are predominantly round-oval,
whereas subcapsular haematomas are mainly crescent-
shaped. Depending on their persistence, haematomas
have different density values: initially, they are as a rule
slightly hypodense (40�50 HU), but moderately hyper-
dense values can already be recorded after a few hours
following the reabsorption of plasma. The values become
more hypodense (10�20 HU) with increasing lysis and
exceed 80 HU in the presence of calcification. Connective
tissue structures generally show values ranging from 50
to 60 HU.

2. Liver injury: Fresh bleeding can be reliably differenti-
ated from a long-standing haemorrhage by CT, which is
of importance when surgical procedures are being con-
sidered. (33, 41)
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3. Hepatic infarct generally leads to a sharply delin-
eated, in most cases triangular, hypodense area, possibly
extending up to the liver surface.

4. Budd-Chiari syndrome may be imaged in CT as hypo-
dense zones; the findings are not, however, reliable. (27)
A definitive diagnosis can be obtained by angiography
or MRI.

1.8.3 Hepatic cysts

1. Dysontogenetic cysts are solitary or multiple. They
are clearly distinguishable from their surroundings, have
smooth walls and are readily recognizable by their hypo-
dense (water-equivalent) density values (0�20 HU). In
the case of bleeding into the cyst, higher density values
are recorded. (This also applies to infections of the cyst
fluid or the occurrence of mucous contents.) Following
i.v. application of CM, the cyst exhibits no increase in
density (in contrast to metastases). A cystic liver is usu-
ally associated with cystic kidneys or cystic pancreas.
(51) (s. figs. 6.10; 8.6; 36.9)

Fig. 8.6: Pronounced dysontogenetic cystic liver and cystic kidney

2. Echinococcus cysticus is generally visualized as a
multilocular septate cyst with embedded secondary
cysts. Both primary and secondary cysts are surrounded
by inflammatory granular tissue. During the subsequent
course of the disease, calcium deposition is seen in the
cystic wall. The application of CM results in mural en-
hancement. The resulting demarcation of the cysts
within the liver is relatively sharp. (8) (s. p. 497)

3. Echinococcus alveolaris presents a totally different
picture: during the exocystic development of secondary
cysts, the parasite gives the impression of growing in an
infiltrative, destructive manner. CT scans reveal vaguely
outlined, hypodense lesions of a cyst-like nature with
nodular calcification (in most cases). Following the ap-
plication of CM, an inhomogeneous increase in density
is observed within the perifocal inflammation. Echino-
coccus alveolaris is, therefore, easily confused with
malignant tumours. (s. p. 500)

4. Caroli’s disease presents with multiple tubular struc-
tures, which correspond to focal cystic dilations of large
interlobular bile ducts. The reduced density values of
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these ectatic structures in CT are bile-equivalent. Intra-
venous application of a biliary CM provides the defini-
tive diagnosis. Both portal fibrosis and portal hyperten-
sion are present. (16, 44) (s. p. 662)

5. Choledochal cysts are congenital, segmental dilations
of the larger intrahepatic bile ducts and/or the common
bile duct. Diagnosis is obtained by i.v. administration
of a biliary contrast medium. Choledochal cysts are fre-
quently combined with tumours, so that additional cor-
responding signs of biliary obstruction may be verified
by means of CT.

1.8.4 Inflammatory liver lesions

1. Liver abscesses are mostly (approx. 80%) localized in
the right lobe of liver. A pyogenic abscess is visible as a
hypodense lesion (0�30 HU) corresponding to the sup-
purative material with relatively sharp contours. It is
surrounded by a hyperdense rim, caused by the well-
vascularized granulation tissue. Should a perifocal
oedema be present, it may produce an additional hypo-
dense rim. Following the application of CM, an increase
in the density of the hyperaemic and hyperdense abscess
wall is observed, whereas the density of the abscess re-
mains unchanged. Gas formations inside an abscess
caused by anaerobes are easily recognizable on a CT
scan. The success rate for detection is 95%. (s. figs. 6.11;
9.2; 25.1; 27.1) (see chapter 27)

2. Macronodular tuberculosis as screened by CT may be
very problematic with respect to its differentiation from
benign or even malignant liver tumours. (19, 21)

1.9 Malignant liver tumours

Most malignant liver tumours are hypodense; the differ-
ence in value to normal liver parenchyma is usually
15�25 HU. Evidence of hepatic malignancy is obtained
by CT, especially by CTAP, in approx. 85% of cases with
tumours of > 0.5 to 1 cm in diameter. (50, 53)

1. Hepatocellular carcinomas are extremely variable on
CT scans because of their different forms of growth.
Morphologically, they appear as (1.) isolated masses,
(2.) multinodular infiltration, or (3.) diffuse parenchym-
atous infiltration. In addition to the mainly hypodense
areas, hyperdense regions are also distinctly visible. The
often somewhat irregular and slightly blurred, but
nevertheless clearly hypodense border shows marked en-
hancement following CM application. Space-occupying
lesions, hitherto unrecognizable, may become dis-
cernible at this point. Evidence of hypodense areas in
liver cirrhosis always strongly suggests primary liver car-
cinoma. Segmental or lobar decreases in density as a
result of frequently occurring infiltrations of the portal
vein indirectly suggest the presence of a tumour. Lymph
node metastases can also be detected. It is much easier
to recognize involvement of the vascular system with the
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help of CTAP or spiral CT. Depending on the size and
location of the hepatocellular carcinoma, contour
bulging is also observed. The sensitivity is approx. 75%.
CT is an indispensable feature in planning surgery. (5,
28, 30, 31)

2. Liver metastases are frequently multiple. They vary in
size and are usually hypodense. In contrast to liver
parenchyma, they display relatively sharp contours, with
a difference in density of at least 10�15 HU. In fatty liver,
metastases may even appear hyperdense. Liver metasta-
ses are mainly supplied by arterial blood. Therefore i.v.
(or even intra-arterial) bolus injection of CM produces
the best diagnosis: the metastasis shows increased CM
enrichment during the short hypervascular phase; add-
itionally, a peripheral margin forms as a result of the
increased concentration of CM. Metastases of 5�10 mm
can be detected. Data in the literature confirm a sensitiv-
ity of 65�91% (in breast cancer up to 100%) and a speci-
ficity of 81�92% with a success rate of 80�85%. Proof of
metastases clearly depends on the histology of the pri-
mary tumour; the best diagnostic results are obtained in
breast and colon carcinomas. (22, 39, 50, 53, 57)

3. Malignant lymphomas may appear in the liver as fo-
cal, hypodense lesions. By contrast, diffuse impairment
of the periportal region is only demonstrable with CT
using special CM. Additionally, extrahepatic lympho-
mas can be detected at the same time.

1.10 Bile duct obstruction

Obstruction of a large bile duct leads to dilated intra-
hepatic bile ducts, which appear on CT scans as rami-
fied linear or rounded structures with bile-equivalent
density. Their luminal diameter increases progressively
in the direction of the hilus. (47) Segmental dilation of
the bile ducts may be indicative of a tumour. A dilation
of the bile duct of > 9 mm points to a peripheral ob-
struction, mostly near the papilla of Vater.

1.11 Surgical therapy

Pre- and post-therapy CT examinations must be carried
out in resections and transplants as well as arterial liga-
tures, embolization therapy with or without chemo-
therapy, and also regional chemotherapy. Haematomas,
seromas and abscesses can occur around the edge of the
resection; compensatory hypertrophia from the residual
parenchyma can be identified if no complications occur.
After a transplant, hypodensities may point to compli-
cations (e. g. necrosis, infarcts, rejection foci). Portal
veins enhanced by accompanying hypodense lines are a
sign of rejection. Postoperative fluid in the abdomen can
also be easily detected using ultrasound and computer
tomography. Thromboses in the hepatic artery are dis-
cernible with the aid of dynamic CT.
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The strategy generally applied in diagnostic clarifi-
cation in a case of suspected “liver tumour” is shown
later in a flow diagram. (s. p. 196) (s. fig. 9.4)

2 Magnetic resonance imaging
� Magnetic resonance imaging (MRI) � also known as mag-
netic resonance tomography (MRT) or nuclear magnetic reson-
ance tomography (NMRT) � was introduced into medical
diagnostics by P. C. Lauterbur in 1973.

2.1 Principle
The production of a strong magnetic field induces alignment of the
protons along this magnetic field. This homogeneous alignment is
perturbed by appropriate high-frequency signals. The protons are
diverted and set in a spinning motion. As a result of their efforts
to return to the original position, energy is released, which is regis-
tered as a signal, calculated by computer analysis and converted
to images. The resulting MR signal is dependent on hydrogen nu-
clei in the object and on the tissue-based time constants T1 and
T2, i. e. the signals can deviate from the norm (� isointensive) by
being either hypointensive or hyperintensive. In this way, (1.) tissues
with different proton density values can be distinguished, (2.) con-
centrations of body-own elements (C, F, N, P) can be determined,
and (3.) chemical compositions of certain tissue areas are clarified
by means of supraconductive apparatus with magnetic fields of
0.5�2.0 tesla (T).

Four parameters are thus imaged in MRI by means of mathemat-
ical calculations: (1.) proton density, (2.) relaxation time T1 (�
binding force between the nuclear spin grate and the surrounding
molecular grate), (3.) relaxation time T2 (� binding effect between
the various nuclear spins), and (4.) flow velocity.

Two types of appliance are used: (1.) resistance (or iron) magnets
and (2.) supraconductive magnets.

Paramagnetic substances such as manganese or gadolinium com-
pounds (Gd-DTPA, Gd-EOB-DTPA, Gd-BOPTA, Gd-DOTA of
Mn-DPOP) are used as i.v. contrast media. They are absorbed by
the hepatocytes, so that healthy liver tissue appears lighter on T1

images (“whitener” effect). These substances are excreted via the
biliary and renal system. • Supermagnetic colloidal solution of iron
oxides (SPIO) is a new contrast medium for exact localization of
focal liver lesions and for differentiation of normal and patho-
logical regions. The 3�5 nm iron oxide nuclei grow to a size of
45�60 nm due to the polysaccharide sheath. They are principally
absorbed by the RES (but also collect temporarily in the extra-
vascular space). These iron oxide nuclei are broken down into lyso-
somes and taken into normal iron storage; the respective iron up-
take corresponds to the average nutritional intake of 2�3 days.
Healthy liver tissue appears as dark areas in T2 images (“darkener”
effect). This shows that CM is also stored in the fatty liver and
FNH. Foci of up to 2�3 mm can be detected. Hepatic metastases
appear extremely “light” compared to the “black” parenchyma.
(62, 84, 89, 97, 103)

2.2 Advantages

These techniques can be used to achieve a very sharp
contrast between various tissues. This permits better
differentiation and characterization of normal or patho-
logical tissues, compared with ultrasonography and CT.
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• A great advantage of MRI is the possibility of imaging
not only transverse cross-sections (as is the case with
CT), but also longitudinal sections of various planes (e.g.
sagittal and coronary) in the hepatic area � without
changing the patient’s position. Topographic analysis
and the interpretation of findings are hence less compli-
cated than with CT. The thickness of the section planes
is usually 10 mm. • MRI is also capable of differen-
tiating static from flowing conditions and calculating
the flow rate in various vascular areas. • Furthermore,
the concentration of certain elements and the proton
density can be measured. MRI is thus a valuable diag-
nostic tool in certain situations, serving to supplement
CT and at the same time replacing intra-arterial angio-
graphy or scintigraphy. • A further major advance is the
development of MR angiography � which may well
prove to be a (better) alternative to invasive catheter
angiography. (99)

2.3 Disadvantages
The use of first-generation MRI was associated with certain prob-
lems, e.g. artefactual images caused by respiratory movement, car-
diac action, vascular pulsation and intestinal peristalsis. The intro-
duction of turbo-spin-echo-pulse sequences, however, led to a dras-
tic shortening of recording periods, so that artefacts due to breath-
ing and peristalsis are now rare. It is important that the patient
breathes normally and is in a resting position. In addition to the
reduction in recording periods with modern apparatus, the time
needed for reconstruction has been shortened thanks to new com-
puter imaging techniques (polytomography, 3D-layer batch). •
Thought should be given in this respect to the physical stress ex-
perienced by the patient through a static magnetic field, temporally
varying magnetic fields and high-frequency fields in the megahertz
range. No clinically significant damage has been reported when
complying with the contraindications. • In individual cases, the
time spent in the magnetic tunnel may, however, cause mental dis-
tress. Sometimes this claustrophobia may require sedative pre-
medication. In order to suppress intestinal peristalsis, adminis-
tration of spasmolytics or glucagon (0.5 to 1.0 mg i.v.) is recom-
mended. • The operators should be aware of potential contrast-
medium incidents. In practice, however, such adverse reactions are
rarely seen.

Contraindications are internal ferromagnetic objects in the body,
e.g. implants, clips, splinters and especially cardiac pacemakers.
Through their electromagnetic effects, they may cause biomolecu-
lar disturbances, and even cellular damage. Based on the current
level of knowledge and the developmental stage of the technical
equipment and contrast media, it is advisable that pregnant women
and nursing mothers as well as epilepsy patients be generally ex-
cluded from MRI examinations (however, such contraindications
become relative in the face of a strong indication).

2.4 Normal liver

On MRI scans, a normal liver shows a picture similar to
that obtained by CT. The parenchyma appears as a homo-
geneous area with relatively high signal intensity (T1). The
portal and liver veins are easily differentiated as signal-
free or low-signal structures. With prolonged echo-time,
the signal intensity of the liver veins also increases. (s. fig.
8.7)
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Fig. 8.7: Normal MRI: a) T1-weighted scan; b) T2-weighted scan.
• Branches of the portal vein (�), aorta (---�), spleen (S), inferior
vena cava (⇒) with stellate ramifications of the hepatic veins

2.5 Diffuse liver diseases

Acute hepatitis: In the early stages of the disease, the
T2-scan shows an increase in signal intensity, whereas
a prolongation of T1 tends to be observed before the
occurrence of liver cell necrosis.

Fatty liver: Fatty infiltration into liver cells is not de-
tected by MRI, even though fatty tissue shows high sig-
nal intensity on spin-echo imaging. The water associated
with the (hyperdense) fatty liver may lead to a signal
reduction during the T1-time, whereby the plus and
minus variations in signal intensity result in an indiffer-
ence, which corresponds to normal liver tissue; T1 and
T2 thus remain unchanged. Only markedly T1-weighted
scans exhibit increased signal intensity. MRI is an im-
portant method in searching for (hypodense) metastases
in a (hyperdense) fatty liver. (39, 62, 89) (s. p. 129, 172)

Cirrhosis: Like CT, MRI also portrays cirrhosis-related
changes in liver size and shape, irregular superficial con-
tours, dilated portal vessels and collaterals (generally
also reversal of portal flow) as well as splenomegaly. As
a result of the enhanced blood engorgement, the spleen
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Fig. 8.8: Haemochromatosis: characteristic signal elimination in
the liver as a sequel of a disturbed magnetic field from the de-
posited iron (flash 2D sequence with T1)

shows a clear increase in signal intensity. Regeneration
nodes are distinguishable because the T1 and T2 signal
is weaker here than in cirrhotic tissue. So-called sider-
otic nodes are found in 25 % of cases (T2 �). Malignant
foci do not contain any iron. This results in “nodes
within nodes”, where malignant growth occurs in a re-
generation node. (86, 92, 93, 96, 107)

Haemochromatosis: As a result of the accumulation of
iron in the liver cells, the relaxation time T2 is consider-
ably shortened, with a corresponding decrease in signal
intensity. This can also be determined quantitatively.
Depending on the iron content, the liver appears dark
grey to black. (s. fig. 8.8) The success rate is 100% at an
iron concentration of 1 mg/g liver tissue. An iron-free
node may suggest HCC. • Haemosiderosis with iron
deposition in the RES is also characterized by similar,
yet less marked findings. A fall in signal intensity is dis-
cernible when the iron content/g in the liver tissue has
almost quadrupled. (58, 64, 78, 91, 94, 113)

Primary biliary cirrhosis: In correspondence with the
extent of copper deposition in the liver, the relaxation
times T1 and T2 are shortened, with a decrease in signal
intensity. (121)

Further study results are available relating to amyloi-
dosis (29, 111), primary sclerosing cholangitis (73), pe-
liosis hepatis (105), Budd-Chiari syndrome (29, 60, 108),
schistosomiasis (29, 79), biliary tract diseases (75, 82, 120),
echinococcosis (69, 71), and adenoma. (67, 74)

2.6 Focal liver lesions

Focal liver lesions of > 2 mm in diameter are detectable
in MRI. In addition, the specificity of MRI is higher
than can be achieved by means of CT examination. (2,
29, 61, 62, 89, 97, 106, 119)

Cavernous haemangioma: The visualized findings consist
of a roundish, homogeneous high-signal (T2-weighted
“light bulb”) area and a well defined hypointense to iso-
intense (T1-weighted) area. (s. fig. 8.9) Usually, no in-
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ternal structures are visible. The imaging effect is best
accomplished following i.v. administration of Gd-DTPA
on the T1-weighted scan with centripetal contrast-me-
dium enhancement. Because of the paramagnetic com-
ponent of methaemoglobin, the signal intensity may be
more pronounced, although it is usually reduced in a
T1-weighted scan. (63, 76, 83, 87, 101, 110, 114, 116, 122)

Fig. 8.9: Cavernous haemangioma: a large (2.5 � 4.2 cm) hyperin-
tense (white) lobular focus with an afferent vessel (T2-weighted
scan; transverse) (s. figs. 6.15; 8.5: 36.6)

Focal nodular hyperplasia: On MRI scans (as with CT),
FNH shows the characteristic central venous star.
Otherwise, the signal intensity of FNH is homo-
geneously isointense (T1) or slightly hyperintense (T2).
Immediately following the i.v. administration of CM
(Gd-DTPA), a distinct but rapidly fading enhancement
is observed. (65, 95, 100, 102, 110, 118)

Malignant tumours: Due to their markedly prolonged
relaxation times, malignant tumours are sharply demar-
cated from the liver parenchyma. On T1-weighted scans
they are low-signal, on T2-weighted scans they are high-
signal areas. Differentiation of tumour tissue from central
necrosis is possible. Intrahepatic, tumour-induced vascu-
lar displacements as well as capsular structures and peri-
focal oedema may be demonstrated. This is characterized
by an intact ring of enhancement on hepatic arterial
dominant-phase images. There is sometimes a peripheral
or heterogeneous washout of contrast agent in the hepatic
venous phase or a washout leading to hypointensity even
in hypervascular metastasis. It is not (yet) possible to de-
fine the type of tumour. Moreover, differentiating malig-
nant tumours from adenomas (67, 74) and haemangiomas
(76, 87, 101, 122) or from focal fatty infiltration (39) may be
problematic. The success rate for differentiating patients
devoid of liver tumours from those with metastatic liver
is 87% (CT: 84%) with a specificity of 98% (CT: 91%). (70,
97) • Proof of metastases (23, 29, 39, 66, 70, 72, 76, 87, 101, 102,
117, 119, 122) (s. fig. 8.10) or hepatocellular carcinomas (29,
66, 68, 80, 81, 85, 90, 96, 98, 112) is obtained in 85�95% of
cases. Study results in patients with cholangiocarcinoma
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(77), mesenchymal tumours (104, 109) and plasmocytoma
are also available. Small-nodular carcinosis in the omen-
tum or peritoneum (without concommitant ascites) and
subcapsular hepatic metastases (< 5 mm) remain unde-
tected with sonography, CT or MRI�they can only be
found by means of laparoscopy.

Fig. 8.10: Diffuse metastazation in pancreatic carcinoma (�); nu-
merous focus-like signs of aerobilia ( ��); thrombosis of the left por-
tal vein (�)

Hepatic cysts: Cysts are visualized on the T1-weighted
scan as low-signal (� black) and on the T2-weighted scan
as homogeneously high-signal (� bright), closely circum-
scribed, focal lesions. An increase in signal intensity on the
T1-weighted scan suggests bleeding into the cysts.

Hepatic abscesses: An abscess is displayed as low-signal
in the T1 image and signal-intensive in the T2 image.
The perifocal oedema cannot be separated from the le-
sion. Gadolinium CM can be used to visualize a thick
abscess wall in the T1 image. Gas appears hypodense
and cannot be differentiated from prior bleeding. •
Treatment of such abscesses is easily monitored.

Portal veins: There are reports on MRI visualization of
large intrahepatic portovenous shunts (59), collaterals in
the portal vein (92, 115) and VOD staging. (88)

The strategy generally applied in diagnostic clarifi-
cation in a case of clinical suspicion of “liver tumour”
is shown later in a flow diagram. (s. p. 196) (s. fig. 9.4)

3 Angiography

For clarifying vascular liver diseases and alterations of
vessels associated with liver diseases (especially tu-
mours), angiographic procedures are available, should
CEDS, CT and MRI yield no definitive diagnosis. With
the help of contrast media, they make possible the imag-
ing of the afferent arterial or portal vessels and the effer-
ent veins in the area of the liver. (s. tab. 8.3)
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Arteriography
1. Coeliac artery (coeliac trunc Halleri) (s. fig. 8.11)
2. Selective arteriography

� common hepatic artery
� superior mesenteric artery
� splenic artery
� right/left hepatic artery

Portography
1. Direct splenoportography

� percutaneous (s. fig. 8.12)
� laparoscopic

2. Indirect portography
� splenoportography via the splenic artery
� portography via the superior mesenteric artery (s. fig. 8.11)

3. Omphaloportography (s. fig. 8.13)
4. Transhepatic portography

Phlebography
1. Cavography
2. Phlebography of the hepatic veins
3. Transhepatic phlebography

Tab. 8.3: Angiographic hepatic examination methods which are
possible in principle, but which are now partially obsolete

3.1 Arteriography
� Selective arteriography uses a transfemoral catheter tech-
nique (S. I. Seldinger, 1953; P. Ödman, 1959). (s. fig. 8.11) • The
catheter may also be introduced into the axillary artery. Super-
selective CM visualization of hepatic arteries via the proper
hepatic artery shows blood vessels down to the 6th division; the
smallest depictable diameter is approx. 0.5 mm. Imaging of the
arteries is effected by nonionic iodine-containing contrast me-
dium at a reduced flow rate (20�30 ml, 6�8 ml per second).
Using this infusion technique, 8 to 12 angiograms can be pro-
duced within a period of approx. 12 seconds. In this way, both
the early arterial phase and the parenchymal phase as well as
the venous phase can be recorded. Visualization of the CM-
filled blood vessels is effected by (1.) conventional film angio-
graphy which has been replaced by digital subtraction angio-
graphy, (2.) digital subtraction angiography (DSA) using an
image-intensifying TV link instead of the X-ray film, (3.) CT
arterioportography, or (4.) MRI angiography and meanwhile
whole body MR arteriography using gadolinium. (133)

3.1.1 Indications

Focal liver lesions of > 1�1.5 cm in diameter are usually
detectable. Even hypervascular foci with a diameter of
> 0.5 cm are visible when using the infusion technique.
In about 75�90% of cases, a normal arterial blood
supply to the liver is guaranteed via the proper hepatic
artery. Alterations relating to the hepatic arteries can be
angiographically confirmed in virtually 100% of cases.
Vascular anomalies (10�20%) are usually of no clinical
significance. Knowledge of their existence may, however,
be important in hepatic surgical procedures. Variations
in the location and shape of the liver and changes in the
region of the caudate lobe and quadrate lobe are also
recognizable. Despite the common initial use of non-
invasive imaging methods, and possibly laparoscopy,
hepatic arteriography is still indicated in some hepato-
logical situations, especially for the purpose of angio-
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Fig. 8.11: Arterioportography: coeliacography with good visualiza-
tion of the branches of the coeliac trunk including the fine ramifi-
cations. Small hypervascularized haemangioma (�); S � spleen.
(The pancreatic vessels are also visible.) • Normal depiction of the
portal vessels in the venous phase

1. Vascular anomalies, stenoses or aneurysms
2. Preoperative study of vascular blood supply
3. Haemobilia
4. Arteriovenous fistula
5. Occlusive (including posttraumatic) embolization
6. Angiotherapy within the framework of a transjugular

intrahepatic portosystemic stent shunt (TIPS)
7. Treatment of liver tumours

� chemoinfusion, chemoperfusion, chemoembolization

Tab. 8.4: Possible indications for hepatic arteriography if modern
contrast-medium-based CEDS, CT and MRI fail to provide
reliable information or if angiotherapy is indicated

therapy. (123, 124, 128, 135, 136, 141, 145, 147, 148, 151, 157) (s.
tab. 8.4)

3.1.2 Contraindications

Hepatic arteriography is contraindicated in cases of se-
vere coagulation disorders. Cut-off values are deemed to
be: Quick’s value of > 60%, thrombocytes of > 100,000,
and bleeding time of < 3 minutes. These figures only
serve as a guide; a more careful assessment must be
made in each individual case. • In the presence of renal
failure, the use of contrast media, and thus arterio-
graphy, is contraindicated.

3.1.3 Complications

With strict heparinization, the incidence of serious complications
is below 1%. A lethality rate of 0.06% has been reported. Arterial
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puncture is associated with certain risks relating to the introduc-
tion of a guide wire or catheter (thrombosis, formation of haema-
tomas, arteriovenous fistula) and to the catheter itself (damage to
the vascular wall, thrombosis, vascular perforation). Intolerance
reactions to the contrast medium may also occur (in 3�5% of
cases). With DSA, however, the complication rate decreases.

3.1.4 Focal lesions

In the diagnosis of focal liver lesions, angiography is fundamen-
tally no longer of any practical value. The angiogram of focal liver
lesions is usually nonspecific. • With regard to its indications,
hepatic arteriography has lost importance as a diagnostic tool, but
has become more valuable as a therapeutic approach. • Hypervas-
cular foci and foci situated in the peripheral liver sections are
identified more reliably than those in the central areas. The inter-
mediary region between the right and left lobe of liver shows less
vascularization; additional vascular supply variants are seen here
more often. In the case of hypervascular tumours, the success rate
for detection is > 90%. This success rate is further improved by the
use of angio-CT.

Primary malignant liver tumours with a predominantly
hypervascular blood supply mainly comprise carcino-
mas and sarcomas. Depending on the vascularization of
the tumour, the parenchymal phase shows areas that are
lower in CM density and others with increased CM
density (“pooling”). In areas with insufficient blood flow,
this pooling often results in patchy images. The criteria
of malignancy are neovascularization, irregular outline,
“vascular break-offs”, “blood lakes” as a result of dilated
vessels, early discharge of contrast material via ar-
teriovenous anastomoses in pathological veins, vascular
occlusions, increase in the calibre of nutritive hepatic ar-
teries, reduced intratumoural circulation, corkscrew-
shaped arteries of different calibres, and vascular dis-
placements (stretching, spreading or arciform displace-
ment of arteries). Cholangiocellular carcinomas and the
hepatocellular carcinomas related to liver cirrhosis are
mainly hypovascular. For this reason, they are hardly re-
cognizable. (130, 139, 144, 149�151)

Secondary malignant liver tumours, such as metastases of
adenocarcinomas, are also hypovascular and therefore
usually not identifiable by arteriography. In contrast, the
metastases of malignant goitre, hypernephroid carcino-
ma, insulinoma and chorionepithelioma are hypervas-
cular and therefore readily visible.

Benign focal lesions usually lead to a smoothly curved
displacement of arteries (and veins). In the parenchymal
phase, they show more or less sharply delineated filling
defects. (132, 145, 156)

In 80�90% of cases, focal nodular hyperplasia shows a
typical, radial (spoke-like) arrangement of coiled vessels
in the area of the tumour, which originate from a circu-
lar artery. Occasionally, fine a.v. shunts are present. The
smooth-edged lesion is hypervascular. The parenchymal
phase, with its homogeneous concentration of contrast
medium, allows the lesion to be clearly demarcated from
healthy liver tissue. (156) • Hepatic adenoma is generally
hypervascular. Displaced vessels are frequently visible.
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A nutritive vessel extends into the tumour from the per-
iphery. Neovascularization and irregularities of the ves-
sels may be shown, which complicates differential diag-
nosis with regard to malignancy. In the parenchymatous
phase, the tumour exhibits marked enhancement. (156) •
The cavernous haemangioma shows late filling of the
hollow spaces; the contrast medium initially accumu-
lates in the form of lacunes at the margin of the tumour.
Patchy, blurred outflows of contrast material sub-
sequently appear in the whole tumour area. The con-
trast medium persists for an extremely long period of
time into the parenchymatous phase. No arteriovenous
fistulas are detected. (129) • Intrahepatic haematomas
lead to separation of the major vessels with vascular
break-offs and extravasations. Arteriovenous shunts
may occur. There is no visualization of the parenchyma.
• Haemobilia is characterized by an arteriobiliary flow
of CM with imaging of the intra- and extrahepatic bile
ducts. (142) • Echinococcus alveolaris with its invasive
and multilocular growth produces an image similar to
that seen in malignant liver tumours. At the periphery,
irregular, often twisted and stenotic or occluded arteries
and small CM extravasations are visible. In the paren-
chyma, contrast medium-free areas as well as occasional
CM enhancement can be detected.

3.1.5 Diffuse liver diseases

Arteriography is not a suitable method for diagnosing
liver cirrhosis. It may only be used in special situations
(e. g. planned surgical procedures). In liver cirrhosis, the
arteries appear dilated in some cases or take the form
of narrow vessels; mostly, the arterial presentation is
sparse. At the periphery, the arteries often follow a spi-
ral course. The parenchymal phase exhibits an inhomo-
geneous, patchy image; regions with connective tissue
appear hypovascular. Regeneration nodes can resemble
benign liver tumours in arteriograms. In advanced
stages of cirrhosis, the hepatic artery may dilate as a
result of increased arterial flow, with a subsequent re-
versal of the flow in the gastroduodenal artery. The lat-
ter is therefore no longer visible in coeliacography. In
patients with cirrhosis showing dilation of the hepatic
artery and a reversed blood flow in the gastroduodenal
artery, the blood circulation and functions of the liver
are better than in patients without this “steal effect”.
Such a finding may be an important criterion when con-
sidering a portacaval shunt operation. (123, 127, 141, 143)

3.1.6 Therapeutic infusion

In traumatic bleeding in the area of the liver, haemo-
stasis may be performed within the framework of diag-
nostic arteriography by means of embolization. Arterial
access likewise facilitates embolization and cytostatic
treatment of liver tumours (following angiographic in-
sertion of the catheter). (s. tab. 8.4)
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3.2 Portography

� In animal experiments, a contrast medium was first
injected percutaneously into the spleen by S. Abeatici et
al. in 1951 in order to visualize the portal circulation by
means of X-ray. This method was later introduced into
clinical practice as direct splenoportography by J.L.
Leger (1951) and R. Boulvin et al. (1951).

Portography is defined as the radiological visualization
of the portal vein and its various afferent branches as
well as their distribution in the liver. (s. tab. 8.3) It
facilitates not only the direct measurement of portal
pressure, but also the exact localization of portal flow
obstruction and thus the differentiation between pre-,
intra- or posthepatic block. The prehepatic block can
be located at the edge of the splenic and/or portal
vein. Blood flow is predominantly in a hepatopetal
direction. Central blocks are frequently the result of
an infection in the umbilical vein during early child-
hood. (s. p. 182) This usually leads to cavernous trans-
formation of the veins in the hepatoduodenal ligament
and the formation of periportal veins. An intrahepatic
block results in hepatofugal blood flow. Portal high
pressure can be recognized in the early stages by a
widening of the left gastric vein (> 5�6 mm). For
surgical planning in portal hypertension, knowledge of
portal vascular morphology and haemodynamics is a
major prerequisite. • Shunt function, blood flow to
the liver and collateral circulation are accurately dis-
played with the aid of indirect mesenteric and splenic
portography. In more difficult cases, the shunt can be
monitored using a direct probe via the inferior vena
cava. (128, 137)

Impressive images of portal arteries and hepatic veins
can be produced by MR angiography. (131, 152) Now-
adays, CM-supported MRA is the method of choice in
monitoring the portal artery system (primarily before
and after TIPS insertion). (152)

3.2.1 Indications

Ultrasound and, more particularly, colour-encoded
Doppler sonography are the methods of choice for the
diagnostic study of the portal venous system. • Equivo-
cal findings are an indication for contrast-medium CT
or MRI, both of which provide superior angiographic
images following i.v. injection of an appropriate CM �
this is equally possible on an outpatient basis. • Porto-
graphic examination techniques should only be used in
special instances which are not sufficiently clarified by
these imaging procedures. The various techniques may
have different indications in individual cases. The appro-
priate method should be carefully selected, depending
on individual considerations. (s. tabs. 8.3, 8.5)
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1. Differentiation of various forms of portal hypertension, with
measurement of blood pressure if necessary

2. Checking on the possibility of anastomosis in portal vessels
3. Detection of spontaneous splenorenal shunts
4. Proof of collateral flow in bleeding oesophageal varices
5. Follow-up after shunt operation
6. Suspected Budd-Chiari syndrome
7. Identification of the morphological course of hepatitis (with

variations between the single segments)

Tab. 8.5: Potential indications for portography if modern contrast-
medium CEDS, CT and MRI fail to provide reliable findings

3.2.2 Direct splenoportography

1. Laparoscopic splenoportography has three important advantages
over the percutaneous technique (153): (1.) splenic puncture is per-
formed under visual control, (2.) the procedure can be repeated
several times during the same examination if necessary, and (3.)
complications are rare. • The examination itself is not subject to
any pressure of time, thus permitting measurement of the “stand-
ing” blood column with imaging for up to 10 minutes and longer
following the injection of contrast medium. The needle is inserted
from the medial splenic margin 4�5 cm deep into the caudal or
medial segment, axially and in the segmental central line. The cor-
rect positioning of the needle in the spleen can be checked, using
the decholine test, which also provides information on the portal
circulation. With open arterial crus and simultaneously closed ven-
ous crus or with both vascular crura open (filling and flow phases),
pseudoarterial afterbleeding lasting for 10 minutes or longer may
occur, which spontaneously ceases when there is a change in phase
from filling to emptying. Coagulation measures are only advisable
in cases of prolonged secondary haemorrhage.

2. Laparoscopic transhepatic retrograde splenoportography allows
early diagnosis of portal hypertension by segmental portography
of the liver. The puncture cannula is correctly positioned in a por-
tal vessel when the injected contrast medium is distributed like the
crown of a tree and the measured portal pressure (normal 8�15
mmHg) exceeds the pressure of the hepatic vein (normal: 4�8
mmHg). • Direct splenography using laparoscopy also allows
identification of different morphological alterations in various seg-
ments. (153, 154) Particular consideration must be given to this fac-
tor when assessing a liver biopsy specimen. With laparoscopic
angiography, both segmental portography and segmental arterio-
graphy have proved effective. (155)

3. Percutaneous splenoportography has lost its importance. Should
a direct procedure be indicated, laparoscopic splenoportography is
a possible alternative. Recently, a new technique has been de-
scribed. (134) • The percutaneous splenic puncture is performed
using a thin needle under screen control, with the needle directed
at the splenic hilus. The pressure of the splenic pulp can be meas-
ured directly in order to estimate the portal vein pressure. Contrast
medium is injected manually or by a special device. From this de-
pot in the red pulp, the splenic vein, the portal vein and the intra-
hepatic branches of the portal vein are contrasted within a few
seconds. (s. fig. 8.12) • Complications resulting from percutaneous
splenoportography include afterbleeding from the spleen, bilateral
rupture of the spleen, arterial aneurysms and a.v. shunts � these
complications are serious in nature, but rare. • Contraindications
for the procedure should be carefully observed. (s. tab. 8.6)

1. Clotting disorders
2. Ascites
3. Adhesions, especially perisplenic adhesions
4. Inoperability with respect to a shunt procedure
5. Splenic diseases (cysts, tumours, leukaemia, etc.)

Tab. 8.6: Contraindications for direct (particularly percutaneous)
splenoportography
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Fig. 8.12: Use of direct percutaneous splenoportography in por-
tal hypertension

3.2.3 Indirect splenoportography

Except where there are individual unresolved diagnostic issues, dir-
ect portography has been replaced by arteriography. Using select-
ive arteriography, the same examination yields (in 80�90% of
cases) an indirect splenoportogram through the splenic artery and
an indirect portogram via the superior mesenteric artery. In add-
ition, the hepatofugal collaterals are shown, so that it is possible
to assess the hepatic block and the direction of the blood flow.
Portal pressure cannot be measured by means of this technique. •
Following injection of a contrast medium into the coeliac trunk,
the CM flows through the splenic artery into the spleen and re-
turns through the splenic vein. Thus, in addition to the arterial
system, the portal vein with its extra- and intrahepatic branches is
also visible. (126) (s. fig. 8.11) • The contraindications and compli-
cations valid for any transfemoral catheterizations apply equally to
indirect splenoportography. The low frequency of complications
together with a good diagnostic yield make indirect spleno-
portography useful in clarifying specific issues. • In the case of
severe splenomegaly, the attempt to visualize the splenic vein via the
splenic artery usually fails, even with high doses of contrast medium
of 60�80 ml � the CM simply “sinks into” the large spleen. In these
cases, direct splenoportography is the method of choice.

3.2.4 Omphaloportography

Umbilical portography was first described by D. G. Duviner in 1954
and introduced into clinical use by O. Gonzales Garbalhaes in 1959.
The umbilical vein consists of a right branch (which is totally oblit-
erated postpartum) and a left branch (the cranial portion of which
is closed, whereas the section in the vicinity of the liver is only
sealed by endothelium); the latter is frequently preserved as a re-
sidual channel. The omphaloportographic technique is based on
the surgical opening (at a point 5�7 cm above the umbilicus) and
bouginage of the umbilical vein, with the subsequent insertion of
a catheter. The probe is successful in 90 % of cases. The (specially
shaped) catheter can be inserted as far as the splenic or mesenteric
vein. By injecting a contrast medium, the portal venous system
is successfully imaged. (s. fig. 8.13) Visualization of single portal
branches may be attempted using special catheters. Portal vein
pressure can be measured directly. Indications are rare. It is, how-
ever, possible to determine the pressure in the portal vein directly
(e.g. prior to shunt operations). (138) In the case of suspected
apudomas, blood samples can be taken from the splenic vein for
hormone analysis. It is also possible to use high-dosage chemo-
therapy (e.g. in colorectal liver metastases). In a laparotomy, om-
phaloportography may be useful for clarifying certain issues in
isolated cases. (s. tab. 8.7) • Potential complications include per-
foration, thrombosis and infection. The complication rate is
10�15%. (138, 146)
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1. Preoperative diagnosis prior to hepatic resection or shunt
operation

2. Status after thrombosis of the splenic vein or after
splenectomy

3. Suspected “pseudo-obstruction” of the portal vein
4. Use as an extracorporeal makeshift vessel
5. Diagnosis directly from portal blood

(e.g. measurement of portal pressure, apudoma)
6. Therapeutic instillation into portal blood

(e.g. targeted high-dose chemotherapy in colorectal liver
metastases)

Tab. 8.7: Indications for omphaloportography which are possible
in principle, but now largely obsolete

Fig. 8.13: Use of omphaloportography in portal hypertension

3.2.5 Percutaneous transhepatic portography

This method was developed as an alternative to laparo-
scopic transhepatic portography. 40 ml of CM are usu-
ally injected at a rate of 10 ml/sec. It is a difficult tech-
nique, takes more time and involves greater risks. This
method allows the portal pressure to be measured. After
positioning the catheter with the aid of a guide wire,
any branch of the portal vein can be visualized in a
superselective manner following application of CM.
This method can also be used to take blood samples
from various veins for the purpose of hormone analysis.
If oesophageal variceal bleeding occurs, targeted obliter-
ation of the coronary vein is possible. Existing col-
laterals, including splenorenal connections, can be visu-
alized. The frequency of severe complications (e. g. bile
peritonitis, bleeding) is 2�3 %.

3.3 Phlebography

The venous system of the liver can also be shown by X-
ray. (s. tab. 8.3) Such radiological methods have their
specific diagnostic yields and thus their own indications.
(125, 131, 140)
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1. Cavography may be useful in patients with suspected
Budd-Chiari syndrome or anomalies of the hepatic
veins as well as prior to liver transplantation and in clar-
ifying the aetiology of a posthepatic block. Cavography
can be performed both through the femoral vein and
inferior vena cava and through the arm or jugular vein
via the right atrium and superior vena cava.

2. Transvenous hepatophlebography is based on experi-
mental studies in dogs and on initial clinical experience
(A.M. Rappaport, 1951). This radiological method for im-
aging the hepatic veins was introduced into clinical
practice by G. Tori in 1953. Selective hepatography
introduces a catheter through the femoral vein (also via
the median cubital vein or jugular vein) into a hepatic
vein.

3. Percutaneous transhepatic hepatophlebography in-
volves a typical puncture of the liver with a needle from
the right midaxillary line to enter a hepatic vein. Pres-
sure measurement and CM injection ensure that the
position of the needle or the catheter is correct. Throm-
bosis of the portal vein is an absolute contraindication,
which is why indirect splenoportography must be car-
ried out prior to percutaneous hepatophlebography. Ser-
ious complications occur in 1.5�4.0% of cases.

4 Cholangiography

Visualization of the bile ducts can be accomplished in-
directly or by means of various direct methods. (s. tab. 8.8)

Indirect cholangiography
1. Intravenous injection
2. Intravenous infusion
3. Spiral CT
4. MRI cholangiography

Direct cholangiography
1. Endoscopic retrograde
2. Percutaneous transhepatic
3. Transvenous
4. Intraoperative
5. Postoperative via drain

Tab. 8.8: Indirect and direct methods of cholangiography

4.1 Indirect cholangiography

In terms of the success rate, conventional X-ray diagnosis
of the efferent bile ducts cannot be entirely replaced by
(stress-free, easy-to-repeat, technically uncomplicated
and less costly) ultrasonography. For example, for diag-
nosing choledocholithiasis, i.v. cholangiography and to-
mography are much more efficient (90�92 %) than sono-
graphy (67 %). The use of (invasive) ERC, however, pro-
vides 3�4 times more reliable diagnostic information
than does i.v. cholangiography (V. Myllylä et al., 1984).
Furthermore, ultrasonography or i.v. cholangiography
(as a rule in conjunction with tomography or MRCP)
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produces a noninvasive, but inadequate assessment of
the intrahepatic bile ducts. In this respect, the methods of
direct cholangiography are infinitely superior. • The use
of i.v. cholangiography is restricted due to severe damage
to the liver cells (transaminases 100�150 U/l), increased
serum bilirubin (> 3�4 mg/dl) or cholestasis (AP
> 300�350 U/l). It is further limited by the high technical
requirements in individual cases (tomography, infusion
cholangiography). • In the case of significant sonographic
findings in the area of the bifurcation of the cystic duct
and common bile duct (e. g. suspected Mirizzi syndrome),
consideration should first be given to i.v. cholangio-
graphy (with tomography) and then to ERC. Intravenous
cholangiography is also indicated for noncongested bile
ducts and in cases where ERC has proved unsuccessful.
(163, 176)

4.1.2 Spiral CT and MRCP

Biliary secretion of CM under spiral CT is used to pro-
duce 3D models of the biliary tract, enabling 70�75 %
of intraductal concrements to be detected. Malignant
and benign processes were diagnosed in 75 % and 93 %
of cases. (180) In cholestasis, the biliary tract could also
be visualized without the use of CM. (187)

The introduction of MR cholangiography by B.K.
Wallner et al. (1991) represents a significant development
in this field. (185) If CM is not used, the biliary passages
in the biliary tract are visualized by distinct T2-weighted
sequences in a coronary display. More rapid gradient
systems have further improved display quality (160, 178);
here it was possible to achieve comparable results to
those obtained in MRC and ERC procedures. (158, 167,
179, 184)

4.2 Direct cholangiography

The use of direct cholangiography is indicated (1.) if
alterations in the area of the efferent bile ducts could
not be clarified by ultrasound and i.v. cholangiography
or (2.) if the use of i.v. cholangiography is contra-
indicated, not indicated or likely to be inadequate. Vari-
ous direct cholangiographic methods are available de-
pending on individual pathological situations and
diagnostic issues. (s. tab. 8.8)

4.2.1 ERC

First described by W.S. McCune et al. (1968) and I. Oi

et al. (1969), endoscopic retrograde cholangiography
(ERC) is now a valuable and standardized examin-
ation method.

Indications: Due to the continuous improvement of
ERC (better diagnostic value and reduced complication
rate), a number of indications have now been estab-
lished. (s. tab. 8.9)
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1. Suspected mechanical obstruction
� choledocholithiasis
� bile-duct tumour
� bile-duct stricture
� compression of a bile duct, etc.

2. Unresolved hepatobiliary diseases
� primary sclerosing cholangitis
� chronic (possibly recurrent) cholangitis
� intrahepatic gallstones
� parasitic diseases, etc.

3. Prior to surgical procedures on bile ducts
4. Postoperative epigastric symptom complex
5. Negative or unresolved cholangiography
6. Suspected bile-duct anomalies, papillomatosis
7. Suspected congenital intrahepatic bile-duct cysts

(Caroli’s disease)
8. Follow-up biliodigestive anastomosis
9. Suspected acute biliary pancreatitis

10. Contrast-medium intolerance

Tab. 8.9: Indications for endoscopic retrograde cholangiography

1. Endoscopy of the bile duct allows parasitological
(e. g. proof of larvae or eggs), bacteriological or cyto-
logical analysis of the bile in hepatobiliary issues.

2. A number of other new therapeutic procedures have
developed against the background of ERC, including
the transpapillary insertion of stents for palliative bridg-
ing of ductal stenosis.

3. In cases of mechanical jaundice, not only the location
of the obstruction in the biliary tract is determinable,
but usually the type and extent of the (partial or com-
plete) obstruction as well. (s. fig. 8.14) As a result, a
decision can often be taken during the same examin-
ation concerning causal or palliative treatment. The co-
agulation parameters should be within a range which
renders papillotomy, stone extraction or tissue biopsy
possible without danger to the patient.

4. The clarification of hepatobiliary diseases is an im-
portant indication for ERC. (s. tab. 8.9) • Suppurative
cholangitis related to mechanical flow obstruction in a
bile duct is a clear indication for ERC, whereby appro-
priate therapeutic measures (e. g. papillotomy, stone ex-
traction, insertion of tubes or stents) should be carried
out at the same time. Septic cholangitis is considered to
be an emergency indication. • For diagnosing primary
sclerosing cholangitis, ERC is the method of choice.
Complete visualization of the intrahepatic biliary sys-
tem ought to be possible with this method.

Success rate: The success rate for visualizing the biliary
tract is 95%, whereas in patients with gastric resection
(Billroth II) and Braun’s anastomosis, the success rate is
only 30�40%. Ultrasonography permits the differen-
tiation between intra- and extrahepatic cholestasis in
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75�80% of patients, whereas with ERC the rate is
90�95%. For identifying the type of obstruction, ERC
shows even better success rates (89% vs. 58%). On the
whole, this method provides a definitive diagnosis in
biliary tract disorders in 78�93% of cases. (159, 161, 165,
167, 169, 170, 172, 175, 179, 182, 183)

Fig. 8.14: Use of ERC in obstructive jaundice induced by a large
biliary concrement, with congested extra- and intrahepatic bile
ducts. Secondary findings: shrunken gall bladder with a chole-
cystocholic fistula

Contraindications: Fundamentally, there are no absolute
contraindications to ERC when performed by an experi-
enced endoscopist, except in the case of uncooperative
patients. • Clotting disorders, however, call for special
caution when applying this method in view of its inva-
sive nature. With organ decompensation, especially car-
diac or respiratory insufficiency, or severe arrhythmia,
ERC is generally not the primary method for hepatobili-
ary diagnosis. In cases of oesophageal varices, an intra-
abdominal increase in pressure due to retching during the
examination may promote or cause variceal bleeding.
With high-risk patients, antibiotics should be given as a
prophylaxis. The patients must be informed of the in-
creased risk associated with the examination.

Complications: Complications include pancreatitis
(0.8�1%), cholangitis and sepsis (0.6�0.8%), adverse re-
actions to premedication and contrast media (0.4�0.6%),
and instrument-induced injuries (0.2%). The frequency
of bacteriaemia is 15%. An increase in pancreatic en-
zymes is observed in 15�20% of patients, whereas a rise
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in transaminases, γ-GT and AP only occurs in isolated
cases. These increases in enzymes are mainly found with
injections involving high-viscosity CM, larger doses or
excessive pressure. • Sepsis can develop after injection of
CM into a congested biliary tract. Therefore, in this situ-
ation, parallel papillotomy and decompression drainage
are required together with peri-interventional prophylac-
tic antibiotics. The complication rate is 1.0�2.3%. Le-
thality is 0.1%.

4.2.2 PTC

� The method of percutaneous transhepatic cholangiography
(PTC) was first described by H. Burckhardt et al. in 1921 and
by P. Huard et al. in 1937, and revived by R. F. Carter et al. in
1952. Routine use was recommended by F. Glenn et al. in 1962.
After the development of a thin and flexible puncture needle
(Y. Tsuchiya, 1969) and the Okuda technique using a Chiba
needle (K. Okuda et al., 1974), PTC became a widely used clinical
method. (174)

Indications: The indications for PTC have become in-
creasingly limited in favour of ERC, since preference is
given to the visualization of the biliary tract through the
major duodenal papilla (� physiological access) over in-
vasive and non-physiological transhepatic access. More-
over, the rate of complications regarding PTC is clearly
higher than with ERC. • Obstructive jaundice not clar-
ified by ERC is an indication for diagnostic PTC. How-
ever, the higher success rate of approx. 90% for ERC in
clarifying obstructive jaundice, compared with approx.
70% for PTC, makes ERC the method of choice. PTC is
also indicated if drainage of congested bile is necessary.
Furthermore, it is recommended for preoperative diag-
nosis and drainage before operations on bile ducts,
above all in the area of the hepatic hilus. PTC may also
be necessary in cases involving nondilated bile ducts
where suspected biliary obstruction could not be clar-
ified by i.v. cholangiography and ERC. (s. fig. 8.15) The
use of PTC as an operation channel for therapeutic
measures in the biliary system is of great importance in
a wide range of diseases, e. g. stone extraction, bile-duct
dilation, antibiotic rinsing in suppurative cholangitis,
electroresection and intraluminal radiation. • With di-
lated bile ducts, the puncture is successful in > 95% and
with nondilated bile ducts in 50(�70)% of cases. No
more than 5 attempts at puncture should be made. With
a correctly positioned needle in a bile duct, the CM only
flows slowly and in a mediocaudal direction, remaining
in the vessel once the injection has been stopped. (166,
172, 181, 186)

Technique: PTC is relatively easy to carry out and requires minimal
technology. It is performed under sonographic or X-ray control.
The target is the liver hilus where it joins with larger bile ducts at
the level of the 12th intercostal space, 3 “finger breadths” from the
right margin of the 12th thoracic vertebra. The target technique of
OKUDA has proved most useful for determining the correct position
and direction of the puncture. (174) • Rapid flow of the contrast
medium with a tree-like ramification shows that the needle is lo-
cated in a branch of the portal vein; some blood also escapes from
the cannula. Should the CM flow rapidly in the direction of the
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inferior vena cava, then the needle is positioned in a branch of the
hepatic vein. Fine and irregular vessels depicted with a slowing
down of the mediocaudal flow of the CM suggest the filling of the
lymphatic vessels. After administration of the contrast medium
and removal of the needle, it is possible, by altering the patient’s
position, to ensure adequate filling of the intrahepatic bile ducts
and gall bladder; when the upper part of the body is raised, the
bile duct (� d. choledochus) is also well visualized. One drawback
is the general inability to assess the biliary situation distal to the
occlusion (comparable with ERC cranial to the occlusion) if this
point cannot be visualized due to the fact that the CM was not
able to pass the obstruction.

Fig. 8.15: Use of percutaneous transhepatic cholangiography in be-
nign papillary stenosis. Hard fibrotic tissue after repeated passing
of gallstones associated with colics over a period of three years.
Treatment: papillotomy

Contraindications: Contraindications include clotting
disorders, echinococcus cyst, marked ascitis, liver ab-
scess, liver metastases and cirrhosis.

Complications: In 3�6% of cases, complications occur;
compiled statistics showed a frequency of up to 10.2%
and 13.2%. In 3.4% of cases, a surgical procedure was
required. The main complications are bilious peritonitis,
haemorrhage, haemobilia, cholangitis and sepsis. Le-
thality was 0.06�0.08% � even 0.9%. There is a risk of
piercing unidentified abscesses, tumours and metastases
along the transhepatic route. The gall bladder must also
be circumvented. A long intrahepatic course of the punc-
ture channel is designed to ensure greater safety with re-
gard to biliary leakage. Even in cases of incomplete
obstruction, biliary decompression (which can be
achieved for example by aspirating bile prior to injecting
the CM or by rinsing) is advisable in order to avert
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dangerous increases in pressure in the bile ducts. As far as
possible, the amount of CM should not exceed 20�40 ml.
Prophylactic antibiotics are recommended.

Laparoscopic transhepatic cholangiography (LTC)
This technique, as described by M. Royer in 1952, is a PTC variant.
Although it entails fewer complications, the success rate is also
reduced, since the length of the intrahepatic puncture channel is
only 3 cm. The puncture is performed at a point approx. 3 cm
away from the falciform ligament and 5 cm cranial to the edge of
the liver, with a puncture angle of 45°.

4.2.3 TVC

Transvenous cholangiography (TVC) was described by W.
Hanafee et al. in 1967 as a transjugular form of direct
cholangiography. In this procedure, a catheter is intro-
duced through the right jugular vein into a hepatic vein;
by transhepatic advancing of the catheter, a bile duct is
punctured with an improved Ross needle. This method
was modified by R. Günther (1975), who used the right
subclavian vein as the site of access. (166) Catheteriza-
tion through a basilic or cubital vein (I.F. Hawkins jr. et
al., 1976) is not considered to be of advantage for this
method. TVC is more complicated than PTC in terms
of time and instruments. The success rate for congested
bile ducts is 65�93%, for cases of non-congestion
10�69%. Generally, there is no need to prepare for sur-
gery. TVC is only indicated in exceptional cases. • The
complication rate is 8.9% (mild complications 5.5%, ser-
ious incidents 3.4%), with a lethality of 0.4%. The main
complications are intraperitoneal bleeding, subcapsular
liver haematoma, haemobilia, bilihaemia and sepsis. No
bile peritonitis has been reported so far. • Contraindica-
tions are deemed to be acute cholangitis, hepatic echino-
coccus and liver abscess.

4.2.4 PTCS

Percutaneous transhepatic cholangioscopy (PTCS) is indi-
cated (1.) to clarify the benignancy or malignancy of bile-
duct stenoses, (2.) to visualize the biliary tract by X-ray
using a guide wire and a catheter positioned by the endo-
scopist’s naked eye, and (3.) to perform lithiotripsy of bile
duct stones and also remove any local obstruction of bile
flow. The examination is carried out with a percutan-
eously placed biliocutaneous fistula, which is stable
enough after 8 to 10 days to permit insertion of a cholan-
gioscope. Endoscopic evaluation is carried out under
continuous rinsing with a physiological NaCl solution.
(171)

4.2.5 Intraoperative cholangiography

Intraoperative cholangiography was introduced into bili-
ary diagnosis by P.L. Mirizzi in 1932. Since then, this
technique has been under development and it is (still)
used as an indispensable, additional intraoperative diag-
nostic tool in borderline cases. Interventions in the area
of the gall bladder or bile ducts are generally unaccept-
able without the possibility of a cholangiographic ex-
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amination of the biliary tract. (162, 164, 168, 173, 177) •
Intraoperative cholangiography should be reserved for
resolving special issues. (s. tab. 8.10)

1. Length and width of the common bile duct
2. Choledocholithiasis
3. Hepaticolithiasis
4. Examining the biliary tract for

� anomalies � ligatures
� breaks � contour irregularities
� fistulas � intraoperative injuries
� stenoses

5. Examining the major duodenal papilla
6. Examining the pancreatic duct, if necessary

Tab. 8.10: Indications for intraoperative cholangiography

Several methods are available for intraoperative cholan-
giography. These are used prior to or after opening the
common bile duct: (1.) direct cholangiography con-
sisting of puncture of the bile duct by a sharp cannula,
(2.) cholangiography through the cystic duct, whereby a
blunt and curved button cannula or a Nélaton’s catheter
is inserted by stab incision through the cystic duct
(which is situated under the ligatures) into the bile duct,
(3.) transvesical cholangiography, including the intro-
duction of a special trocar cannula into the fundus of
the gall bladder, and (4.) cholangiography after choledo-
chotomy by means of a blocker catheter or a double-
balloon T-catheter. • Using these methods, the bile ducts
can be shown by X-ray in both the direction of the liver
and the duodenum. (188)

4.2.6 Postoperative cholangiography

Postoperative cholangiography is an indispensable fol-
low-up prior to removing the drain. This method is
aimed at confirming surgical success and obtaining
proof of an undisturbed bile flow into the duodenum.
The examination, performed with the patient in a head-
down position, also enables visualization of the intra-
hepatic bile ducts, so as to exclude the presence of small
residual concrements. The injection of contrast medium
can be combined with the simultaneous measuring of
pressure. Imaging is performed during consecutive
stages of biliary filling.

Synopsis

Since the discovery of X-ray by W.C. Röntgen (1895),
several radiological examination methods have been
developed. They have also been used in the field of
hepatology with great instrumental subtlety and
manual skill. These methods have proved irreplace-
able in the imaging of vessels and bile ducts. • The
development of CT and MRI � in particular helical
CT and MRI cholangiography � constitutes a break-
through in radiology once held to be inconceivable.
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The introduction of various contrast-medium tech-
niques not only in sonography (CEDS) but also in
CT and MRI has led to rapid changes in the field of
radiological diagnosis in hepatology. • Particularly in
the visualization of portal, venous and arterial vessels,
fascinating angiographic tissue reconstruction has be-
come possible, even on an outpatient basis. • Similarly,
with respect to the differentiation of tissue structures,
more detailed information, which was long deemed
beyond reach, can now be obtained. It can be ex-
pected that even cellular metabolic processes will be
shown by imaging techniques in the future � an ab-
solutely fascinating idea !

It was therefore seen as a matter of great importance
in this chapter to follow the path of radiological diag-
nosis in hepatology, tracing the course of the
examination methods hitherto applied (and now de-
emed in part to be out of date and obsolete) through
to those techniques still undergoing development.
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9 Scintigraphic diagnostics

� In 1951 examination of the liver using radionuclides was
rendered possible through the development of an automatic
scanner (B. Cassen et al.). In the same year, liver scintigraphy
was also introduced by R. L. Wieland. The first proof of liver
metastases was obtained in animal experiments in 1953 by
means of 131I-albumin (E. Yuhl et al.). As early as 1954, liver
scintigraphy was applied in the clinical setting (L. Stirrett et al.).
Since 1955, several 131I-labelled substances excreted through
bile, such as rose bengal (G. V. Taplin et al.), later also bromsul-
phane, have become available for functional assessment in hepa-
tology. In 1958 G. V. Taplin et al. reported on their own clinical
experience. • The development of the scintillation camera was a
further major advance (H. O. Anger et al., 1959). Using the scintil-
lation camera, sequential images could be taken in rapid suc-
cession. In 1971 C. Winkler et al. were the first investigators to
use a scintillation-camera process-control computer system for
studying the hepatic blood flow. • The following radionuclides
were available: 198aurum (L. Stirrett et al., 1954; H. N. Wagner et
al., 1961), 99mtechnetium (P. V. Harper et al., 1964), 133xenon (J. R.
Rees et al., 1964), and 113indium (A. A. Goodwin et al., 1966).

Indications for scintigraphic methods may be given in
specific situations: (1.) to evaluate certain partial liver
functions, (2.) to clarify special issues when other im-
aging techniques (including laparoscopy) are not feas-
ible, and (3.) to differentiate benign and malignant tis-
sue. The most commonly used short-lived radionuclide
99mtechnetium (with a physical half-life of 6 hours) is
associated with a strongly limited and justifiable radi-
ation dose (total body < 1 mGy � 0.1 rad; screened or-
gan 10�20 mGy � 1�2 rad). 99mTc may be marked
both with colloids (proof of storage by Kupffer cells)
and with erythrocytes (proof of perfusion and venous
pooling); HIDA derivatives are tracers that can be ex-
creted by hepatocytes and canaliculi. (s. tab. 9.1)

Colloids storage capacity of Kupffer cells and
of the RES (e.g. 99mTc sulphur or
albumin colloids)

Iminodiacetate uptake, transformation and excretion
derivatives by the hepatocytes

(e.g. IDA, HIDA, DISIDA)
Galactosyl hepatocyte-specific ligand
neoglycoalbumin
Erythrocytes pooling and perfusion

(e.g. 99mTcO4)
Homotaurocholic bile flow
acid (e.g. 75Se HCA)
Carcinoma antibodies immunoscintigraphy in colorectal

liver metastases
(e.g. 99mTc AB CEA)

Tab. 9.1: Various radionuclides with their main characteristics
and functions

Contraindications are pregnancy and lactation as well as
intolerance to mucinous antibodies.
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� The great value of nuclear medical examinations
lies in the fact that the test results (including those
produced by static scans) reflect biological functions.
Furthermore, such methods can help to define the
benignancy/malignancy and structural origin of the
respective focal lesion.

1 Principle

The term scintigraphy, or scanning, describes the pro-
duction of a planar, two-dimensional image showing the
distribution of radioactivity in an organ in which a radio-
active substance has been stored. Depending on the
radionuclide used, information regarding the hepatic area
is obtained on (1.) functional capacity of the RES, (2.)
hepatocellular function, (3.) biliary excretion kinetics,
and (4.) hepatic blood flow. (4, 8, 11, 12, 19, 21, 27, 36, 37)

The images taken by means of high-resolution large-
area gamma-cameras are (1.) (static) liver scans or (2.)
(dynamic) sequential scans. • Further technical and dia-
gnostic improvements comprise: positron emission tomo-
graphy (PET) and single photon emission computer tomo-
graphy (SPECT).

2 RES scintigraphy
In the RES of the liver (as well as of the spleen and bone marrow),
80�90% of the radio-labelled colloids (e.g. 99mTc-S colloid) are
usually taken up. This procedure is therefore also termed static
colloid scintigraphy. Colloid particles of 200�1000 nm are usually
taken up in the liver RES. The size and shape of the organ can
be determined. Areas of the RES with reduced or no uptake of
radioactivity appear as defective, i.e. silent or cold, zones (“nega-
tive scan”). • The extent of uptake of the radiocolloids is reflected
by different shades of colour, ranging from dark red (“hot”)
through yellow, light green, dark green, blue-green and blue to
blue-black (“cold”). Multiple accumulations are a rare occurrence.
These storage defects do not have any specific significance. •
Further evidence of centrally located defects is obtained by carrying
out additional SPECT scintigraphy. (34)

2.1 Liver cirrhosis

Following the administration of 100�200 MBq 99mTc-
sulphur colloid intravenously, liver cirrhosis is charac-
terized by a reduction in the uptake of radioactivity in the
liver and an increased uptake by the spleen and bone mar-
row. Colloidal uptake in the liver is thus a valuable par-
ameter for assessing any functional loss of the hepatic
RES and for evaluating the residual parenchyma which is
still functioning. It should be noted that the phagocytic
capacity of the hepatic RES is closely related to the sinus-
oidal blood flow, the reduction of which is a result of the
development of collaterals in the area of the hepatic
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sinusoids � this is an early sign of portal hypertension. (s.
fig. 9.1) (see chapter 35)

Scintigraphic proof of cirrhosis is based on (1.) enlarged
rectangular liver, (2.) reduced and patchy uptake of radio-
activity by the hepatic RES (“mottled liver”), (3.) shift in
the maximum activity from the right to the left lobe of
liver, and (4.) increased uptake by the spleen and bone
RES. • The recorded scintigraphic findings permit assess-
ment of the course of liver cirrhosis and provide infor-
mation on focal complications such as (1.) occlusion of
the branches of the portal vein with locally impaired per-
fusion and (2.) development of hepatocellular carcinoma.

Fig. 9.1: Liver cirrhosis: diffuse decrease in the uptake of radio-
activity by the liver with a markedly increased uptake by the clearly
enlarged spleen (� colloid shift)

Thus the liver and the spleen form an anatomical and
functional unit by being interlinked not only through
the lienoportal vascular system, but also through the
reticuloendothelial system.

2.2 Budd-Chiari syndrome

In the Budd-Chiari syndrome, the central area of the
liver shows a normal or even increased concentration of
radioactivity, whereas the peripheral regions of both
lobes of liver exhibit reduced or even no uptake (“hot
spots” and multiple focal storage defects). Only the cau-
date lobe shows increased activity; due to its separate
venous flow, it is not functionally affected by hepatic
vein thrombosis. (26)

2.3 Focal liver lesions

Focal lesions with a diameter of > 1.5 cm can be detected
with a sensitivity of > 80% and are visible as circum-
scribed storage defects, e. g. in the case of amoebic ab-
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scesses. (s. figs. 9.2; 6.11; 25.1) FNH is a liver tumour
with maintained or even increased phagocytosis activity.
• The nuclear medical diagnosis of metastases is now
obsolete, having been replaced by more efficient imaging
techniques. (s. fig. 9.3) (5, 9, 11, 22, 27, 29, 39) • If necessary,
immune scintigraphy using antibodies (e. g. 99mTc-AB-
CEA) may be applied in colorectal liver metastases. In
HCC diagnosis, use of 99Tc-anti-alpha fetoprotein pro-
duces a sensitivity of 90�95% in SPECT.

Fig. 9.2: Amoebic abscesses: storage defects and indistinct liver
contours with hepatomegaly (s. fig. 25.1)

Fig. 9.3: Liver metastases: Anterior view during scintigraphy using
Tc99m-S-colloid (100 MBq): three foci in the right lobe of liver in
colon carcinoma

3 Hepatobiliary sequential
scintigraphy

99mTc-iminodiacetic acid derivatives (IDA, HIDA,
DISIDA, BIDA) usually reach their maximum concen-
tration in the hepatocytes 2�5 minutes after i.v. injec-
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tion and are then excreted into the bile ducts. After
30�45 minutes, the radioactive substance has largely
been cleared from the liver. (4, 14, 25) • 99mTc-mebro-
fenin correlates well with the ICG clearance test. It
provides information of segmental functional liver
tissue, which is of additional use when planning liver
resection. (8) (s. tab. 9.2)

1. Examination of the hepatic perfusion of focal
lesions

2. Evaluation of radionuclide uptake by hepato-
cytes (parenchymal phase): assessment of liver
function

3. Detection of biliary obstruction, such as in cho-
lestatic syndrome with and without jaundice
� search for (posttraumatic or postoperative)

biliary leakage (e. g. following liver trans-
plantation)

4. Examination of bilio-digestive anastomosis
5. Monitoring runoff after papillotomy
6. Follow-up after liver transplantation
7. Differential diagnosis of neonatal jaundice

(below 10�12 mg/dl) vs. neonatal biliary atresia
8. Contrast-medium intolerance
9. Acute cholecystitis (exact visualization of the

gall bladder excludes acute cholecystitis)
10. Focal nodular hyperplasia

Tab. 9.2: Indications for hepatobiliary sequential scintigraphy

3.1 Cholestasis

Differentiation between obstructive and parenchyma-
tous cholestasis is possible in > 90% of cases. A serum
bilirubin level of up to 30 mg/dl is not seen as a meth-
odological impediment to sequential scintigraphy. In in-
complete obstruction with nondilated bile ducts, this
technique provides more information than can be ob-
tained using ultrasound. (17, 18)

The homotaurocholic acid test (SeHCAT) using 75Se to
evaluate the hepatobiliary function (e. g. in the bile-acids
losing syndrome) is also worth mentioning here. (40)

Scintigraphic assessment of liver transplants is helpful
(e.g. perfusion, rejection, bile-duct obstruction or bile
leakage). (28)

3.2 Focal nodular hyperplasia

FNH is the second most frequent benign hepatic tumour.
It is a pseudotumorous regenerative node, most fre-
quently occurring in women. Four-phase cholescintigra-
phy using 99mTc-IDA is currently the best method of de-
tection. In 80�90% of cases, perfusion is good with
hypervascular tumours of > 2�3 cm in diameter. This re-
sults in initial enhancement of the FNH. However, the
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tracer cannot be discharged into the bile ducts quickly
enough, because in FNH they only consist of irregular
proliferations. This results in tracer retention in the ex-
cretion phase (so-called “trapping”) in FNH, whereas the
surrounding liver parenchyma is already tracer-free. Pre-
served colloid uptake by the RES is typical, whereas oc-
casional uptake is deemed pathognomonic. • In 10�20%
of cases, no intact RES is available in FNH. Thus the lat-
ter is scintigraphically “cold”. (14, 38)

3.3 Hepatic adenoma

Hepatic adenoma consists of atypical, strand-like hepa-
tocytes. It is characterized by normal perfusion and an
extensive absence of Kupffer cells as well as irregularity
of the bile ducts. Scintigraphically, it is possible to dem-
onstrate that there is no elimination of iminodiacetates
from the adenoma and that uptake of the radioactive
tracer is prolonged compared with the normal liver par-
enchyma (“trapping” on IDA scans). (38) No colloidal
albumin or 99mTc-colloid is taken up � this allows dif-
ferentiation of an adenoma from focal nodular hyper-
plasia. The use of the SPECT technique increases sensi-
tivity.

3.4 Biliary leakage

Hepatobiliary sequential scintigraphy has proved useful
in tracing biliary leakage, especially when it is posttrau-
matic or postoperative. With the help of this method, it is
possible to demonstrate pathognomonic extrahepatic nu-
clide accumulation in the traumatized areas. A biliary
leakage of 0.5 ml/min can be easily detected. Sensitivity
and specificity are as high as 100%. This procedure is used
as an initial screening modality in suspected biliary leak-
age. (31, 40)

3.5 Liver blood flow
99mTc-DTPA: Arterial perfusion accounts for 20%�40%
of the circulation; in portal hypertension, cirrhosis
causes arterial perfusion to increase to over 60%. In
portal vein thrombosis, only an arterial curve is visible.
Liver metastasis usually displays relatively high arterial
perfusion. In (rare) occlusions of the hepatic artery, only
a portal venous curve is visible. When a bolus injection
of 400 MBq 99mTc-diethylenetriamine pentaacetic acid
(DTPA) is applied, scintigraphy is able to reveal a bi-
phasic time-activity curve. The initial increase of activity
is produced by the arterial influence and the second
peak by the portal venous inflow. Both curves can be
evaluated quantitatively. (36) • Perfusion scintigraphy
may be useful in the case of liver trauma, TIPS, hyper-
vascularized hepatic tumours and partial liver resection
as well as after liver transplantation.
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3.6 Diffuse liver disease
99mTc-NGA: Hepatic binding protein (HBP) found on
the hepatocyte surface can bind desialylated glycopro-
teins with terminal galactose residues. There is a close
correlation between a change in HBP activity due to
liver trauma and an increase in bonding inhibitors in
plasma. • Galactosyl-neoglycoalbumin (NGA) belongs
to a group of hepatocyte-specific tracers, whose accu-
mulation is dependent upon HBP bonding; this can be
measured scintigraphically using 99mTc-NGA (D.R. Vera

et al., 1984). The lysosomes mark the end of the tracer
take-up in the hepatocytes (> 90 %). • The first clinical
findings in cases of liver trauma were reported on by
the same group (R.C. Stadalnik et al., 1980). Results of the
investigation into liver cirrhosis and HCC were pre-
sented later. It has not yet been possible to obtain any
substantial findings in diffuse liver damage using con-
ventional tracer methods. However, use of the hepato-
cyte-specific tracer 99mTc-NGA can be helpful in assess-
ing liver injury and recovery. (16, 35)

3.7 Hepatocellular carcinoma
67Gallium: The uptake of 67gallium by HCC is greater
than in normal liver tissue. It is possible to differentiate
foci in cirrhosis with the help of this radionuclide. In
the case of a focus measuring more than 2 cm, the speci-
ficity is 91% and the sensitivity 96%. This method
should also be used for detecting early recurrent HCC.
The tracer 67gallium is, however, non-specific, since it is
also taken up by non-hepatocyte-derived tumours and
inflammatory lesions. (32) • Colloid scintigraphy and
IDA derivates are not significant in HCC diagnosis.

4 Erythrocyte scintigraphy

Blood pool scintigraphy using bolus injection of 750
MBq 99mTc-labelled erythrocytes may lead to a diag-
nosis of intrahepatic space-occupying processes which
cannot be differentiated by ultrasonography or CT. This
applies especially to haematomas, haemangiomas and
haemangiosarcomas. The SPECT technique helps to in-
crease sensitivity. With regard to angiographic imaging
reconstruction, however, the modern contrast medium-
based imaging techniques which are available today pro-
duce by far the best results.

4.1 Haemangioma

Cavernous haemangiomas are the most common form
of benign liver tumours. They occur in the form of a
single lesion in approx. 90% of cases. When using 99mTc-
pertechnetate labelling, haemangiomas exhibit a re-
duced uptake of radioactivity in the early perfusion
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phase compared with adjacent liver tissue; in the late
phase, however, an increased uptake is detectable. This
“fill in” occurs faster in small haemangiomas than in
larger ones due to the lower stasis. In the latter case,
scanning should be carried out at a later phase. At 1.5
cm, a specificity and sensitivity of up to 100% is obtain-
able using a high-resolution three-headed system. (41)
With haemangiomas exceeding 3 cm in diameter, a spec-
ificity and sensitivity of up to 100% is obtainable.
Smaller haemangiomas (< 2 cm) can be identified by in-
terference-free SPECT in up to 90% of cases. (15, 34) The
RES, hepatocytes and bile ducts show no scintigraphic
reaction. (1�3, 15, 20, 24, 41)

5 Positron emission tomography

Positron emission tomography (PET) has two signifi-
cant advantages compared to single-photon emission
computer tomography (SPECT): (1.) improved spatial
resolution, and (2.) absolute quantification of tracer
take-up.

Positron emission tomography with 18F-DG visualizes
partial physiological and biochemical functions and
thus also pathophysiological and pathobiochemical as-
pects at the molecular level in a nuclear medical pro-
cedure. PET may be a useful method for the differen-
tial diagnosis of hepatic foci (malignant/benign). Liver
metastases of gastrointestinal tumours can be detected
with significantly greater sensitivity using 18F-FDG-
PET. In relapse diagnosis of colorectal carcinoma, sen-
sitivity is 93�100% and specificity 95�98%. (5, 33)
Malignant melanoma takes up the most 18F-FDG,
enabling foci as small as 1.5 mm (as well as affected
lymph nodes) to be identified with a high degree of
accuracy. Hodgkin’s lymphoma, which accounts for
approx. 1% of all carcinomas, is a rare entity. In
stages I and II, the 10-year survival rate is around
80%. PET has proved to be a useful tool in staging
and monitoring. (6) • In the field of (still experimental)
hepatology, a wide range of scientific issues may be
amenable to PET. (s. tab. 9.3).

Tumour cells frequently display increased glycolysis. A
radioactive-marked glucose derivative can therefore be
taken up in the tumour cells and demonstrated by
means of a PET scan after 40�45 minutes. The glu-
cose cellular metabolism can be measured after i.v.
injection of 18F-fluoro-2-deoxy-D-glucose (18F-FDG).
This tracer is easily absorbed by the cells before being
converted by hexokinase in to 18F-FDG-6-phosphate
which, after phosphorylation, is subsequently trapped
inside the cells for a prolonged period (“metabolic
trapping”). Its half-life is 110 minutes. In the field of
hepatology, 18F-FDG-PET has also become clinically
significant in staging, therapy follow-up and relapse
diagnosis of liver tumours. (5, 7, 10, 13, 23, 30, 33)
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1. lentodegenerative alterations in Wilson’s disease

2. biochemical changes related to hepatic encephalopathy
� measurement of the blood-brain barrier by 68Ga-DTPA
� determination of neuroreceptors by 18F-dopa,

11C-dopamine, 11C-serotonin
� neurotransmitter mapping by 18F in combination with

metaraminol, etc.

3. questions on protein synthesis
� by means of 11C-labelled methionine, leucine,

phenylalanine

4. hypoxia/necrosis markers
� by means of 18F-labelled misonidazole

5. glucose metabolism-related activity patterns of liver cells

6. measurable assessment of liver cell regeneration
� by means of 2-11C thymidine, etc.

Tab. 9.3: Application fields for PET scanning in (still experimen-
tal) hepatology with respective tracers

Fig. 9.4: Flow chart for use in clinically suspected “liver tumour” with positive sonographic findings. • Imaging procedures (��) which may
be indicated include power-Doppler sonography (PDS), computer tomography (CT), magnetic resonance imaging (MRI) and scintigraphy
(SC). • Histological diagnosis is indicated in some cases in order to confirm or exclude imaging diagnosis. (---�)

A flow chart should include echocomplex focuses and a distinction between single and multiple focuses. Haematoma and (especially)
abscesses, are not always echofree; they may also be hypoechoic or reveal varied echoes. This must be taken into account in the diagnosis
of these two conditions. Scintigraphy is becoming less significant, whereas MRI is considerably more important today. However, scintigra-
phy may be indicated when carrying out a differential diagnosis for adenoma and FNH. Economic constraints may make it necessary to
omit some diagnostic steps regarding imaging procedures in order to produce a faster and more cost-effective diagnosis. As an alternative,
targeted FNB, biopsies or laparoscopy are recommended. It may even be desirable in individual cases to obtain an earlier histological
diagnosis and, if necessary, follow the flow chart in the opposite direction. • All in all, an extremely careful and critical assessment is
required, taking into account the risks, costs and benefits involved. (s. fig. 13.2)
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6 Flow diagram in suspected
“liver tumour”

Various tumourous and pseudotumourous foci may
form in the area of the liver and the hepatobiliary sys-
tem. Differential diagnosis may therefore become chal-
lenging. A definitive diagnosis is, however, necessary to
be able to initiate therapeutic measures and to establish
a prognosis.

After carrying out the imaging techniques (if neces-
sary with contrast media) (see chapters 6, 8, 9) and
laparoscopy/biopsy (see chapter 7), the strategy of
establishing a diagnosis by flow diagram may be re-
commended in suspected “liver tumour”. (s. fig. 9.4)
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� In cases of suspected “liver tumour”, ultrasonography
is the method of choice. If the type of focal process can-
not be adequately identified even by very experienced
investigators, a sonographic monitoring should be per-
formed within a short period of time. Even in cases
where the differential diagnostic approach fails, patho-
logical or potentially positive findings can still be ob-
tained with a certain degree of reliability. If an exact
diagnosis cannot be achieved, however, imaging tech-
niques are then as a rule indicated. (s. fig. 9.4)

� In order to clarify pathological results or potentially
positive findings, computer tomography is indicated. The
use of CT may also be advisable even with negative
sonographic findings if the clinical and laboratory par-
ameters point to a focal process in the area of the liver
or the biliary tract. (s. fig. 9.4)

� In the case of differential diagnosis of adenoma ver-
sus focal nodular hyperplasia, scintigraphy is indicated,
whereas in the case of metastases, more reliable imaging
techniques are preferred. (s. fig. 9.4)

� In suspected haemangioma, sonography, scintigraphy
and MRI are the most efficient procedures. • In individ-
ual cases, these three imaging techniques might be inter-
related with respect to diagnosis/indication. (s. fig. 9.4)

� Should the differential diagnosis of focal liver find-
ings remain unresolved despite the use of imaging tech-
niques, laparoscopy is indicated (possibly with targeted
forceps biopsy or liver biopsy). Depending on the find-
ings, explorative laparoscopy is also undertaken for the
purpose of tumour staging. • Medical assessment of the
clinical and sonographic findings may, in some cases,
suggest laparoscopy with targeted tissue biopsy � even
without previous CT � when an accurate diagnosis is
required. (s. p. 150) (s. fig. 9.4)

� The indications for sonography- or CT-guided fine-
needle biopsy (FNB) are (1.) contraindications to the use
of laparoscopy (s. p. 149) or (2.) if it seems unlikely that
previously unresolved findings will be clarified by lapa-
roscopy. • In consideration of all relevant findings from
sonography or CT as well as the patient’s condition, it
may be necessary in individual cases to resort to FNB as
the primary approach instead of biopsy or laparoscopy.
(s. fig. 9.4) • The non-availability of laparoscopy or insuf-
ficient experience with this technique are in themselves
not an “indication” for percutaneous fine-needle biopsy.
(s. fig. 9.4)

Basically, the prioritization of methods within a diagnos-
tic flow diagram should be determined by the question
of whether (1.) use of an examination technique is indi-
cated, (2.) indication applies at the given moment, and
(3.) definitive diagnosis is likely to be obtained. • Usu-
ally, only a definitive diagnosis allows statements to be
made on therapy and prognosis!

In view of growing financial constraints in many con-
tries regarding the health service, the question of the

197

cost/benefit ratio should also be taken into consider-
ation. In the current situation, the total costs incurred
for the respective examination methods can be substan-
tial.
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10 Neurological and psychological diagnostics

There are two basic dimensions in the way the human
brain copes with everyday routine; these are known as
crystalline and fluid intelligence (R. B. Catell, 1963).

1. Crystalline intelligence is acquired by education and experi-
ence; it proves susceptible to disturbance at a relatively late
stage in life and to a relatively small extent. • Crystalline (cogni-
tive and verbal) intelligence implements the contents of what
has been learned or acquired at an earlier stage to perform
tasks or to solve problems. This verbal (“cognitive”) intelligence
is retained for a long time, so that any impairment of cerebral
function is noticed at a relatively late stage in people who pur-
sue mental occupations.

2. Fluid intelligence depends largely on the speed at which in-
formation is processed; it becomes impaired relatively early and
to a greater extent. • Fluid (practical and nonverbal) intelli-
gence is characterized by the capability for solving new prob-
lems without reference to experience or education in the course
of processing information. This form of intelligence deteriorates
at an early stage with any impairment of cerebral function,
which is why the intelligence involved in performing practical
tasks, so-called handling intelligence, is most susceptible to dis-
turbance � it is for this reason that manual activities are pri-
marily impaired.

Many different brain functions are available to enable
routine everyday tasks to be mastered correctly. (s. tab.
10.1)

1. Attentiveness
2. Intellectual capacity
3. Logical thinking
4. Memory for design
5. Perceptive faculty
6. Power of concentration
7. Psychomotoricity
8. Reactive capacity
9. Short-term memory

10. Spatial perception and mental comprehension of
numbers or letters, etc.

Tab. 10.1: Brain functions important for mastering routine every-
day tasks

1 Brain disorders in liver diseases

In the case of cerebral dysfunction, it is possible for
these disorders to be reflected individually in differing
states of intensity and in a variety of combinations. This
results in a very varied pathophysiological and clinical
picture of encephalopathy. Such a collective term for re-
strictions in the function of the brain does not, however,
yield any statement as to their origins or pathogenesis.
Encephalopathy can be triggered by some 50�60 dis-
orders and aetiological factors � including liver dis-
eases. (see chapter 15)
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Hepatic encephalopathy (HE) is defined as a func-
tional, potentially reversible disorder of the brain in
the wake of severe (either acute or chronic) liver
disease. The term comprises all neurological and
mental symptoms.

� Diagnosis of the 4 clinical stages of manifest HE
(stages I�IV) is simple and reliable. However, it is im-
portant first of all to recognize latent HE (stages 0,
0�I), which is also called subclinical hepatic encephalo-
pathy (SHE) or minimal HE. • At this stage, no clin-
ically identifiable mental or neurological defects can be
detected, nor do the laboratory parameters provide any
particular clues. Yet, there are (still reversible) neuro-
physiological and neuropsychological deviations from
the norm which can be quantified.

Early diagnosis of HE at the latency stage is of great
significance in social terms, for industrial medicine
and for prognostics; therefore it is of enormous eco-
nomic importance as well. The development of latent
(minimal and subclinical) or subsequent manifest HE
(stages I�IV) depends on various factors. • Latent
HE is considered to be the “most frequent compli-
cation” in hepatology.

2 Diagnosis of disorders in cerebral
performance

It should be noted that the diagnosis of latent HE
(stages 0, 0�I) can cause great difficulties.

� Despite the considerable medical and social impli-
cations of SHE, which in objective terms are undeniable,
the patient subjectively feels unchanged and free from
symptoms. There are no ailments or malaise felt by the
patient which point to the development of SHE, and
neither the conversation with the physician nor the
anamnesis are suggestive of this condition. Verbal
intelligence is not affected!

� Neither clinical findings nor laboratory parameters
(including intensive and scientific tests) correlate with
the stage of SHE. There are no neurological abnormal-
ities (no hyperreflexia, tremor or asterixis, etc.). • For
the diagnosis of subclinical hepatic encephalopathy, only
electroencephalographic and neuropsychological (psycho-
metric) test procedures are available so far.

2.1 EEG
Spontaneous EEG can occasionally show a minimal increase in slow
waves and a deceleration of the basic activity below the normal
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alpha wave range (8�12 Hz), yet there is no correlation with the oc-
currence of SHE. Only with knowledge of the individual’s normal
state and with the help of the regular spontaneous EEG as follow-up
procedure for cirrhosis can SHE be recognized in 30�50% of cases.
However, this is not feasible on a regular basis. With the manifest-
ation of HE (stages I, II), the spontaneous EEG slows down to the
theta and delta wave ranges (4�7.5 and 1�3 Hz), which are deemed
to be pathological in a waking state. Groups of relatively even waves
at a rate of 2 or 3 times per second, and above all frontotemporal
delta Faren rhythms, are considered to be hints of a more severe HE.
(7, 18, 20, 29, 43, 44, 47) (s. p. 275)

Visually evoked potentials: In the diagnosis of SHE, neither the use
of visually evoked potentials (VEP) nor acoustically or somatically
evoked potentials yielded better results than the spontaneous
EEG. Using these exogenously evoked potentials, functional dis-
orders of sensory pathways are identified by assessing the P-100
wave. (2, 10, 12, 21, 26�28, 36, 43, 47, 49�51)

� P-300 wave: The technique of endogenously evoked
potentials (EEP) can be applied for the registration of
stimulus assessment processes and “attention pro-
cesses”. The P-300 wave is deemed to be the electro-
physiological correlate of stimulus assessment processes
(E. Donchin, 1979). P-300 latency indicates the time re-
quired for assessment and categorization of a stimulus.
About 30% (45) to 71% (16) of patients with SHE and
some 70% (45) to > 85% (16) of cases with stage I HE
show a lengthening in the latency of the P-300 wave.
The sensitivity of this test procedure for the diagnosis
of SHE is therefore good. The specificity is minimal be-
cause of the widely differing origins of HE. • Determin-
ation of the P-300 wave is, however, both time-consum-
ing and expensive, calling for specialized knowledge and
experience. For this reason, this diagnostic process is
not suitable as a routine test. • Neverless, in diagnosing
SHE, assessment of the P-300 wave in an endogenously
evoked EEG is deemed to be the most valuable neuro-
physiological method of examination. (5, 11, 26, 37, 42, 48)

� The use of proton MR spectroscopy, with glutamine
as a marker, has opened up new diagnostic horizons.
(35) (s. p. 195)

2.2 Neuropsychological test procedures

In order to objectify disruptions in brain performance,
numerous test procedures have been established in clin-
ical psychology. With the help of these procedures, vari-
ous cerebral functions can be tested. (s. tab. 10.1)

The term psychometrics signifies the most objective
recording possible concerning mental functions and
personality features with the aid of a variety of test
procedures.

Quality criteria and secondary criteria: Test procedures applied in
clinical psychology should fulfil the requisite quality criteria in-
cluding (1.) objectivity, (2.) reliability, and (3.) validity. • Alongside
these main criteria, neuropsychological test procedures should also
incorporate other secondary criteria, such as (1.) standardizability,
(2.) comparability, (3.) cost factor, (4.) usefulness, and (5.) sensi-
tivity. • Obviously, it will not always be possible to meet all of these
criteria in full in every case.
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No single test is absolutely reliable or even accurate. The
results of neuropsychological tests are subject to various
influences and thus confounded by a number of factors
occurring individually to differing degrees of intensity
and in a variety of combinations. (s. tab. 10.2) • This no
doubt explains the widely differing assessments of the
frequency of SHE which are reported in the literature.
An examination of several of the multiple brain func-
tions (s. tab. 10.1) requires the skilful selection of test
procedures with their respective targets.

1. Influential factor “test procedure”
� desired test targets
� suitable test combination
� professional implementation of the test

2. Influential factor “liver disease”
� severity
� aetiology and pathogenesis
� acute or chronic state
� portosystemic collaterals

3. Coexistent factors
� consumption of alcohol
� cerebral noxae
� cerebral or cerebrovascular damage

4. Individual factors
� age
� intelligence
� social status
� fluctuation in the course of SHE

Tab. 10.2: Factors influencing the reliability of test results and the
detection of SHE frequency

Quite clearly, it is not a single test, but rather a com-
bination of tests, focusing on as many different brain
functions as possible, which guarantees an overall
result that is meaningful.

Neuropsychological tests: Among the large number of neuropsy-
chological tests available, several procedures are considered apt for
the detection of subclinical brain disturbances. Some involve com-
plex methods and also call for specialized knowledge. Nevertheless,
a few of them can be regarded as the “gold standard” for clinical
issues involved in the diagnosis of SHE. (1, 6, 15, 17, 43) (s. tab.
10.3)

Test combinations: For clinical purposes, suitable test combinations
can be set up on the basis of the overview given (s. tab. 10.3) and
in accordance with the respective issues. Due to their feasibility
and reliability, the following tests are particularly useful: (1.) basic
intelligence test, (2.) multiple-choice vocabulary intelligence test,
(3.) short test for general intelligence, (4.) short test for cerebral
intelligence, (5.) attentiveness-concentration test, (6.) Benton test,
(7.) syndrome short test, and (8.) trail-making test. • In scientific
clinical studies, the Wechsler adult intelligence scale (WAIS) is
often used. (14, 38, 40, 41) In these studies, the WAIS verbal IQ
is seen to be largely undisturbed, whereas there are clear deficits
in that part of the WAIS which relates to performing practical tasks
(handling IQ), particularly in the number-symbol test and in the
mosaic test. At the same time, other psychological test procedures
are applied, mainly the trail-making test as well as EEG (VEP, P-
300 wave).
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3 Basic psychometric programme

� The principle of both early diagnosis and early treat-
ment of a disease together with the prevention of a pro-
gressive or complicated course are seen as fundamental
targets in everyday medical routine. This applies es-
pecially to latent hepatic encephalopathy, which can be
found in a high percentage of patients suffering from
liver disease.

Intellectual capacity
1. Hamburg-Wechsler adult intelligence test

(D. Wechsler, 1964); 60�90 minutes
2. Basic intelligence test

(R. B. Cattell et al., R. H. Weiss, 1972)
3. Multiple-choice vocabulary intelligence test

(S. Lehrl, 1977); 5�8 minutes
4. Short test for general intelligence

(S. Lehrl et al.); 8�10 minutes
5. Short test for cerebral intelligence

(S. Lehrl et al.)

Powers of attention and concentration
6. Attentiveness and concentration test

(R. Brickenkamp, 1968); 5 minutes
7. Revision test

(G. Marschner, 1972); 8 minutes

Memory
8. Benton test

(A. L. Benton, 1953)
9. Syndrome short test

(H. Eerzigkeit); 15 minutes
10. Mini-mental-status test

(M. L. Folstein et al., 1975); 10 minutes
11. Wechsler memory test

(D. Wechsler); 45�60 minutes

Recognition of shapes
12. Visual-design-potential test

(L. Bender, 1946); 20 minutes

Speed of cognitive performance
13. Trail-making test (parts A and B)

(R. M. Reitan, 1955)
14. Number-connection test (part A of trail-making test,

fourfold variations)
(H. O. Conn, 1977)

Reactive capacity
15. Measurement by technical appliances

� speed of response
� accuracy of response

Tab. 10.3: Neuropsychological test procedures with respective test
target priorities (and average duration of test)

3.1 Psychometric test procedures

Obviously, the EEG examinations and psychological
tests outlined above are not suitable for use at the doc-
tor’s surgery or in clinical routine as a screening pro-
gramme for the presence of SHE. Although they meet
the required quality criteria, they are time-consuming
and cost-intensive, and thus unacceptable. • In the
course of the past thirty years, some 50 simple psycho-
metric screening tests have been developed and reports
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made on their application (in a variety of combi-
nations). (4, 6, 8�10, 14, 15, 19, 22, 23, 25, 30, 31, 34, 38, 39,
41, 43, 45) (s. tab. 10.4) • The multiple-choice determi-
nation device is another example of a test which has pro-
ved its worth.

1. Alphabetic deletion test
2. Archimedes spiral test
3. Block design test
4. Circle-dotting test
5. Colour word test
6. Digit-span test
7. Dot test
8. Handwriting-specimen test
9. Line-labyrinth test

10. Line-tracing test
11. Logical inductive test
12. Memory for design test
13. Number and symbol test
14. Perceptual maze test
15. Raven’s matrices test
16. Serial-subtraction test
17. Star-construction test
18. Story-retelling test
19. Tracing of geometric figures
20. Visual motor design test
21. Visual retention test
22. Word-pair retention test etc.

Tab. 10.4: Selection of psychometric screening tests (in alphabet-
ical order)

3.1.1 SIP

Use of a questionnaire comprising 136 questions relat-
ing to the “sickness impact profile” (SIP) indicated a
marked decrease in patients’ capacity to perform routine
daily activities and a diminished quality of life in 27%
of cases of latent HE. (9)

3.1.2 Mechanical testing procedures

With the help of appliance-based tests, it is mainly pos-
sible to measure both reaction time and accuracy of
response.

Multiple choice determination device: Five electronically
controlled coloured light pulses (yellow, red, green, blue,
white) are activated in alternating sequences. Pressing a
button with the same colour indicates that the test per-
son has recognized and registered the colour both in-
stantly and correctly. This device has proved to be a
useful instrument in clinical testing environments. (14)

Posner test: This mechanical testing procedure is de-
signed for measuring spatial-visual attention and orien-
tation (M.I. Posner et al., 1988). The test persons are re-
quired to sit in front of a computer monitor using a
cross in the middle of the screen as a fixation point. A
square is visible on either side of the cross. In the neutral
position, a question mark is displayed as a cue 200 milli-
seconds before the stimulus (� asterisk) appears in one
of the squares. In the valid position, the cue is an arrow
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directed towards the square where the stimulus will ap-
pear. In the invalid position, it is directed towards the
opposite square. When the stimulus appears, the test
person pushes a button as quickly as possible. The
Posner test reveals the varying delay in reaction time in
patients with cirrhosis; it does not appear to have a
higher sensitivity than the number-connection test. (1)

Critical flicker frequency: The principle of flicker-fusion
frequency analysis was first introduced by E. Schafhäutl

in 1855 and later developed for clinical use by L. Gold-

berg in 1943. This method has since been widely used in
differential diagnosis of organic brain syndromes. • It
was first established in patients with latent HE in 2002.
(13) The patient observes what appears to be a constant
red light shining on the screen, but which is in fact flick-
ering at a high frequency. This flickering is normally
detected by the test persons above 42 light pulses/sec.
with individual variations. However, in patients with
latent HE, this occurred below 39 pulses/sec. (cutoff
value), in HE stage I below 36 pulses/sec., and in stage
II below 32 pulses/sec. The results are independent of
the patient’s education level; there is no learning effect
when the test is repeated.

These simple psychometric screening tests do, however,
have certain disadvantages, which have to be considered
when results are being assessed. (s. tab. 10.5)

1. Several complementary screening tests are re-
quired for the identification of SHE

2. It has not been adequately defined which func-
tional brain areas are covered by the tests

3. Standardized test evaluation is often not possible
4. There is still no adequate basis for comparison

with scientifically established test procedures in
neuropsychology

Tab. 10.5: Disadvantages of psychometric testing

3.2 Psychometric test programmes

Based on the results in the literature (which also corres-
pond to our own experience), psychometric test pro-
grammes have been developed for use in the hospital
and the doctor’s surgery.

1. Simple to carry out
2. Easy to assess
3. Low time factor
4. Minimal costs
5. Reproducibility
6. Semiquantitative evaluability
7. Allows examination of various functional areas or

performance capacity of the brain (even if not
specifically defined or differentiated)

Tab. 10.6: Requirements for psychometric test procedures relevant
for application in the doctor’s surgery
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Such test programmes make it possible to objectify
neuropsychic disturbances and hence yield semiquanti-
tative identification of the subclinical (latent) stage (0,
0�I) as well as manifestation stage I (or I�II) of HE.
These programmes can be considered relatively reliable
owing to the standardized instructions for their im-
plementation and adequate objectivity in the evaluation
process. A psychometric test programme suitable for use
in the doctor’s surgery and at the hospital should meet
the requirements given above. (s. tab. 10.6)

1. PSE syndrome test (W. Hamster, M. Kluck, H. Schome-

rus): The short form of the test is comprised of (1.) num-
ber-connection test (part A) and (2.) line-tracing test.
The test results are converted into standard values
according to age. • The long form of the test is made up
of (1.) number-symbol test, (2.) number-connection test
(part A), (3.) circle-dotting test, (4.) target-fixing test,
and (5.) line-tracing test.

2. Psychometric test set (E. Kuntz, H.-D. Kuntz): This test
set facilitates psychodiagnostic monitoring of potential
liver-diseased patients, identification of SHE and con-
trol of therapeutic measures. In some cases, the very
simple four basic tests can be evaluated in their overall
assessment with even greater reliability by means of sup-
plementary tests, which are likewise easy to implement.
(19) (s. tab. 10.7)

Basic tests
1. Handwriting-specimen test
2. Number-connection test (part A)
3. Line-tracing test
4. Star-construction test

Supplementary tests
1. Serial-subtraction test
2. Story-retelling test
3. Mechanical testing procedures

Tab. 10.7: Psychometric test programme for identification and
monitoring of SHE (E. Kuntz, H.-D. Kuntz, 1991) (19)

3.2.1 Handwriting-specimen test

The handwriting-specimen test (I. Szam, 1977) is a simple procedure
which provides an insight into fine motor control. Subtle changes
in the handwriting are thought to be a sign of constructive apraxia,
i. e. there are disturbances in carrying out learned expedient move-
ments, although the powers of perception and mobility are still
intact. The possibilities of applying medical graphology in hepa-
tology have been presented in detail in the literature. (24) • Regular
handwriting tests are quite correctly known as the “poor man’s
EEG”.

� In line with neurophysiological findings, the patient
should write his first and last name and not texts, place-
names or dates! The signature constitutes a swift, habit-
ual sequence; as a reflex action which does not involve the
application of willpower; it is considered to be a person’s
graphological identity. In the early stages of HE, fine,
swift and controlled movements of the hand are im-
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paired. The handwriting-specimen test correlates well
with the number-connection test and the subtraction
test. • Impaired handwriting is reflected in small jagged
peaks, hooks, interruptions in the flow, subtle irregu-
larities, fluctuations in pen pressure, size of the lettering,
etc. The assessment is based on the subjective criteria of
the physician, which is, however, perfectly adequate for
hospital or surgery purposes. (s. figs. 10.1; 15.3) • In
addition, the results can be graded according to the
physician’s personal scoring system. (s. tab. 10.8)

Fig. 10.1: Specimens of a patient’s handwriting (first name and sur-
name) in stage II (17 Oct.), in the SHE stage (29 Oct.) and in a
normal state (5 Dec.) (s. fig. 15.2)

Changes Score (points) Stage of HE

not detectable 0 no HE
stage 0

very minimal or minimal 1 SHE, 0 � I

moderate 2 I, I � II
clearly evident 3 II
pronounced 4 II � III

Tab. 10.8: Assessment criteria for the handwriting-specimen test

3.2.2 Number-connection test

� The trail-making test (R. M. Reitan, 1955) originated
from the “army individual test” (1945) and the test results
of S.G. Armitag (1946). It comprises two parts: the num-
ber-connection test (NCT) with numbers from 1�25
(part A) and the number and letter combination test
(NLCT) with numbers from 1�13 and the letters A�L
(part B). (32, 33) (s. fig. 10.2)

The number-connection test presented by H.O. Conn in
1977 (3) corresponds to part A of the number-connection
test as described above; however, 4 different test sheets
are used, each with a different arrangement of figures.
In this way, a possible learning effect from sheet to sheet
is ruled out. The 4 different test sheets are of equal diffi-
culty and generally require the same period of time to
complete. • With the number-connection test (parts A
and B), logical thinking, powers of concentration and
perception, together with the capacity to handle three-
dimensional numbers and letters are assessed. Swift cog-
nitive speed in thought processing is called for as well
as the capacity to adapt. (19, 38, 46, 49)
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Fig. 10.2: Number-connection test (NCT; part A) and number-
letter-connection test (NLCT; part B) (R. M. Reitan, 1955; H. O.
Conn, 1977)

Time in seconds Score (points) Stage of HE

< 40 0 no HE, stage 0

41�60 1 SHE, 0 � I

61�90 2 I, I � II
91�120 3 II
> 121 4 II � III

Tab. 10.9: Assessment criteria for the number-connection test
(NCT; part A)

In order to complete the test, either the 25 figures in part A or the
numbers 1�13 in consecutive alternation with the letters A�L in
part B have to be correctly linked up by lines as quickly as possible,
whereby any corrections are included in the time allotted. If the
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patient is unable to complete the test within 150 seconds, it is
broken off. The last correctly linked number and the respective
time are noted (e. g. 17/150). The time required by the patients
for part A of the number-connection test, as used by us in the
psychometric examination set, allows a relatively reliable clinical
interpretation to be made. In the number-connection test (part A),
the normal value should be set at no more than 40 seconds. • The
relevant score can be noted as an assessment criterion. (s. tab. 10.9)

3.2.3 Line-tracing test

The line-tracing test (LTT) is used to determine the
accuracy of a person’s fine motor control. A test sheet
(s. fig. 10.3) shows a relatively complex “road map”, 5
mm in width (corresponding to a 2.5 m wide lane). The
patient is asked to trace this not-so-easy path with a
pencil from start to finish, as quickly as possible, with-
out going over the edges. The number of errors provides
a semiquantitative assessment. • In addition, the re-
spective number of points can be recorded in the score
sheet. (s. tab. 10.10)

Fig. 10.3: Line-tracing test (LTT) using a difficult path, 5 mm in
width

3.2.4 Star-construction test

The star-construction test examines the patient’s psy-
chomotor function, recognition of shapes, and short-
term memory. A test sheet (s. fig. 10.4) is presented to
the patient, who is requested to look at the five-pointed
star drawn on it for about 10 seconds (E.A. Davidson et
al., 1956). (4) The test sheet is then covered or turned
over. The patient is now asked to copy the star using 10
matchsticks, whereby the tips of the matches should
form the pointed tips of the star. A lack of precision or
errors in arranging the matchsticks and/or any con-
fusion which arises during the test are rated as mistakes.
• In addition, the respective number of points can be
recorded in the score sheet. (s. tab 10.10)
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Fig. 10.4: Star-construction test (E. A. Davidson et al., 1956) (4)

Number of errors Score (points) Stage of HE

no error 0 no HE, stage 0

0�2 1 SHE, 0 � I

3�5 2 I, I � II
6�9 3 II
> 9 4 II � III

Tab. 10.10: Assessment criteria for the line-tracing test and star-
construction test

The results of these 4 tests can be summarized by means of
their score to give a total number of points, thereby simplifying
the clinical interpretation in the individual case. (19)

The time needed for each test procedure (explanation, im-
plementation and evaluation) is about 3�4 minutes, pro-
vided the necessary test materials are already at hand (test
sheets, stop-watch, pencil, matchsticks, etc.). • It is pos-
sible to have the tests carried out by trained personnel.

These simple test procedures can be executed in any
surgery, if the indication is given. A code number
could be assigned as the cost-calculation item for
health-insurance purposes. • It is neither organiza-
tionally possible, nor medically justifiable, let alone
financially viable to make the implementation and as-
sessment of these tests dependent on a specific pro-
fessional qualification, such as is acquired in further
education programmes. • Every doctor is capable of
carrying them out!

Should it be impossible to assess the presence of SHE
by means of these tests, some additional, basic supple-
mentary tests can be applied at the surgery. They require
no test materials. The time needed for each test is
roughly 3 or 4 minutes.

3.2.5 Serial-subtraction test

With the help of the serial-subtraction test, patients’
powers of attention and concentration can be tested as
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well as their short-term memory and mental arithmetic
capabilities.

From a specific initial figure selected at random (such as 100 or
110 or 130), the patient is asked to deduct another number, like-
wise selected at random (� subtrahend), continuing the subtrac-
tion procedure through a number of steps by “mental arithmetic”
(e.g. 100�7 � ?, � 7 � ?, � 7 � ?). After the 3rd or 4th arithmetical
step, a patient with SHE and a disturbed short-term memory usu-
ally no longer knows which number he/she has to deduct from
which previous result. This simple test can likewise be adequately
quantified for practical purposes. • If the test is repeated, the same
numbers can be taken for the same patient and the results compared.
There is virtually no learning effect involved.

3.2.6 Story-retelling test

Another psychometric supplementary test that can be
used is the retelling of a story. Here the patient’s short-
term memory, perceptive faculties and logical thinking
are tested.

The physician tells the patient the following story (lasting about
one minute), which then has to be retold by the patient (also in
about one minute): “A bee flies to the brook to take a bath and falls
into the water. A dove sees the bee and saves it from drowning. The
dove lays the bee on a leaf to dry off. The next day, a hunter comes
into the wood and takes aim to shoot at the dove. The bee flies at
him and stings the hunter’s hand so that his shot misfires.” It is
important to note any incorrect renderings of the plot which are
typical of SHE � e. g. the hunter or the dove drown, the dove
stings the bee, the hunter shoots the bee, the dove stings the
hunter, etc.

� Such a test programme makes screening for SHE very
simple; it is reliable for both surgery and hospital pur-
poses. The test sheets and test results should be docu-
mented and filed for an appropriate period of time. •
Patients who display cerebral dysfunction during these
simple tests generally show more pronounced impair-
ment of cerebral functions when complex and specific
test procedures are applied. • Psychometric tests are
highly sensitive as regards disturbances in cerebral per-
formance, yet they have no specificity regarding under-
lying causes or the disease itself � for this reason they
are not “specific to the liver” either.

In suspected subclinical hepatic encephalopathy, psy-
chometric tests are extremely important for the diag-
nosis and cannot be substituted by other examination
procedures (e.g. anamnesis, inspection, laboratory
analysis, imaging).

� The transition from the latent stage (SHE) to stage I
of clinically manifest HE can be gradual, as demon-
strated by the results of the psychometric tests. In this
transitional zone (SHE I), there may occasionally be
minor neurological findings, such as hyperreflexia, fine
tremor or asterixis. (s. p. 272) (s. tab. 15.5)
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11 Hepatomegaly and splenomegaly

1 Hepatomegaly

1.1 Definition

Hepatomegaly is present if (1.) palpation locates the
lower border of the right lobe of liver to be more
than 2 cm (1�2 finger breadths) below the left costal
arch (MCL lateral to rectus abdominis) (caution:
phrenoptosis), (2.) the absolute liver dullness on per-
cussion is more than 14 cm, or (3.) the longitudinal
diameter of the liver in the MCL is greater than
approximately 15 cm in the sonogram.

Hepatomegaly is a cardinal symptom in a number of
liver diseases or a concomitant reaction of the liver
in various extrahepatic or systemic diseases. When
detected, differential diagnostic clarification is al-
ways necessary.

Hepatomegaly can affect the entire liver as a diffuse en-
largement or only a certain region of the liver as a cir-
cumscribed increase in volume. • Under clinical con-
ditions, the liver size is ascertained by the combined ap-
plication of palpation (to determine the inferior border
of the liver) and percussion (to determine the border be-
tween the liver and lungs). (s. pp 77, 79) Determination
of the liver size by sonography is considerably more pre-
cise. • It is also necessary to assess the liver consistency
(soft, elastic, firm, compact, hard), the liver surface
(smooth, protuberant), the tenderness on pressure, and
the sonographically detectable internal structure (homo-
geneous, inhomogeneous, formation of foci, enlarged
bile ducts or vessels). The density of the normal liver in
the CT is 60 � 6 HU. (s. p. 171)

1.2 Pathogenesis

1.2.1 Replication of cells

A diffuse enlargement of the liver can be caused by
cell replication.

(1.) Replication of hepatocytes in the form of excessive
hyperplasia can occur occasionally after extensive
parenchymal necrosis or partial liver resection. How-
ever, this does not generally cause a clinical discernible
form of hepatomegaly.

(2.) In systemic haematological diseases, the liver is
usually involved in extramedullary haematopoiesis. This
can result in hepatomegaly.

(3.) Diffuse enlargement of the liver can also be brought
about by lymphohistiocytic cell infiltrations. This gener-
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ally involves inflammatory reactions to viral or bac-
terial diseases.

(4.) Diffuse hepatomegaly is also expected to occur as a
result of malignant cell growth.

1.2.2 Enlargement of cellular structures

An increase in the volume of sinusoidal cells and
hepatocytes due to an enlargement of their cellular
structures can be caused actively by proliferation or
passively by storage processes.

(1.) Endothelia and Kupffer cells can be stimulated to
considerable proliferation, so that in clinical terms hepa-
tomegaly occasionally results.

(2.) Proliferation of the smooth endoplasmic reticulum
due to the prolonged induction of the biotransform-
atory system localized at this site as a result of toxins,
noxae or chemicals can bring about clinically and sono-
graphically detectable hepatomegaly.

(3.) Hepatocellular storage of abnormal quantities of
cholesterol, fat, glycogen, proteins, mucopolysaccha-
rides, copper, iron, etc. occasionally leads to pro-
nounced hepatomegaly. Hydropic swelling of the hepa-
tocytes is also included in this category.

1.2.3 Augmentation of the extracellular space

Diffuse enlargement of the liver can also arise from
augmentation of the extracellular space.

(1.) An increase in blood both in the sinusoids and in
Disse’s spaces culminates in hepatomegaly. This can be
witnessed particularly in cases of right heart failure,
constrictive pericarditis, veno-occlusive disease and the
Budd-Chiari syndrome. Inflammation-related hyper-
aemia also occurs in acute viral hepatitis.

(2.) An enhanced formation of lymph or reduced lymph
drainage can cause enlargement of the liver. Here fluid-
filled cysts can also be regarded as a cause of hepato-
megaly.

(3.) A disorder of the bile flow, particularly in infants,
leads to extensive hepatomegaly.

(4.) An increase in the extracellular matrix due to col-
lagens, elastin, proteoglycans, glycoproteins, etc. also
produces various degrees of hepatomegaly.
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1.2.4 Local processes

Circumscribed enlargement of the liver is precipitated
by local lesions such as cysts, abscesses, parasites (e. g.
echinococcus) and benign or malignant tumours; this
also results in diffuse enlargement of the liver in
some cases.

1.3 Causes

A number of liver diseases are accompanied by an en-
largement of the liver. The liver can also be involved in
extrahepatic or systemic pathological diseases, possibly
with the simultaneous development of hepatomegaly.
Differential diagnosis is extremely varied, necessitating
a broad spectrum of investigations in individual cases.
(1�3, 6�8, 10, 11) (s. tab. 11.1)

1.4 Diagnosis

1.4.1 Subjective symptoms

Hepatomegaly is occasionally accompanied by a feeling
of pressure or even tenderness in the right epigastrium.
(5) This tension pain of Glisson’s capsule mainly occurs
with a rapid increase in the liver volume (acute viral
hepatitis, acute congestive liver, etc.), whereas gradually
developing hepatomegaly may be without pain. • The
liver parenchyma itself is insensitive to pain. (s. pp 22,
78) Not to be associated with this is pain arising from
a specific underlying disease in the liver region, which
generally has no direct effect on liver enlargement, e. g.
malignant tumours, cholangitis, perihepatitis.

1.4.2 Clinical findings

Hepatomegaly can easily be ascertained by palpation
and percussion ; its size can also be well assessed. As-
thenic patients may display simulated liver enlargement.
(s. pp 77, 78) • In addition to the typical dextral elevation
of the diaphragm in hepatomegaly, there is often a down-
ward displacement of intestinal loops as well.

� Sonography is an indispensable investigative method
for clarifying the following issues: (1.) differentiation be-
tween diffuse and circumscribed hepatomegaly, (2.) as-
sessment of the internal structure (homogeneous or in-
homogeneous), (3.) determination of foci, cysts, nodes,
etc., and (4.) confirmation of hepatomegaly or detection
of a simulated enlargement of the liver due to extra-
hepatic pathological diseases. (4, 9)

1.4.3 Methods of examination

In the majority of cases, the causality can be established
on the basis of the hepatological findings or the prevail-
ing disease. Often, however, definite clarification can
only be achieved by additional investigative methods. •
The indication for computer tomography (9), and per-
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1. Inflammatory liver diseases
� acute viral hepatitis
� acute autoimmune hepatitis
� alcoholic hepatitis
� concomitant hepatitis with infections
� bacterial sepsis
� miliary tuberculosis
� parasitoses (e. g. echinococcus, toxocariasis,

capillaria hepatica, schistosomiasis)
� HIV infection
� liver abscess
� bacterial cholangitis, etc.

2. Chronic liver diseases
� chronic hepatitis
� liver cirrhosis
� hepatic granulomatosis, etc.

3. Metabolic / toxic diseases
� fatty liver
� hepatic porphyrias
� amyloidosis of the liver, etc.

4. Biliary diseases
� biliary obstruction
� primary biliary cholangitis
� cholestasis
� Byler’s syndrome, etc.

5. Vascular liver diseases
� congestive liver,
� peliosis hepatis
� constrictive pericarditis
� Budd-Chiari syndrome
� veno-occlusive disease
� arterial diseases, etc.

6. Tumours
� benign liver tumours
� malignant liver tumours
� metastatic liver

7. Cystic liver
8. Congenital diseases

� hereditary liver storage diseases
(haemochromatosis,Wilson’s disease,
amyloidosis, glycogenoses, lipopathies,
tyrosinaemia, Zellweger’s cerebrohepatorenal
syndrome, fructose intolerance,
α1-antitrypsin deficiency, Burka’s syndrome,
galactosaemia, Mauriac syndrome, etc.)

� malformations of the liver or the bile ducts

9. Systemic haematological diseases
10. Systemic immunological diseases

Tab. 11.1: Causes of hepatomegaly

haps also angio-CT, should be checked first. As non-
invasive procedures, these should be given priority over
bioptic methods. (s. tab. 8.2) • Angiography may be indi-
cated in cases where enhanced vascularity is suspected.
(s. tab. 8.3)
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If biopsy proves necessary, thought must be given to
whether a fine-needle biopsy or a liver biopsy is appro-
priate. (s. tab. 7.3)

It should not be overlooked, however, that some indis-
tinct liver findings can be diagnosed reliably and at little
risk by laparoscopy, with or without biopsy. (s. tab. 7.11)

2 Splenomegaly

2.1 Normal values of the spleen

A normal spleen is 11 (10�14) cm in length, 7 (6�8) cm
in width and 4 (3�4) cm in depth. The weight of the
spleen varies considerably (< 100 g to > 250 g); a mean
value of 150�170 (�180) g can be accepted. • The nor-
mal diameter of the splenic artery is 4�5 mm, while that
of the splenic vein is 8�14 mm with a normal mean
value of about 10 mm. With a flow rate of 500�700 ml
per minute, the blood flow through the spleen exceeds
the arterial blood supply of the liver by a factor of
almost 3. • The longitudinal axis of the spleen runs par-
allel to ribs 9�11 from the upper dorsal to the lower
ventral.

The size and volume of the spleen can be determined
quite reliably by present-day methods of investi-
gation, so that even slight increases in the size of the
organ can be detected. However, in view of the wide
spectrum of variation in the size of the “normal”
spleen, thought must be given to the following ques-
tions: (1.) at what point should “splenomegaly” be
diagnosed, and (2.) once a spleen has been classed as
enlarged, should it be regarded as pathological.

Determination of the size of the spleen by palpation and
percussion is most unreliable. (19) (s. p. 79) • X-ray exam-
ination only permits determination of the longitudinal
axis in 50�90% of cases, whereas measurement of the
thickness is totally inadequate, and measurement of the
width is not even possible.

� The values of a normal or enlarged spleen can be
recorded quite reliably in a sonogram. (16, 18, 23, 26) As-
sessment is sometimes made more difficult by overlying
ribs or as a result of air in the stomach or intestines.
Due to the uncertain sonographic identification of the
upper pole of the spleen, it seems adequate to determine
the maximum width and thickness in the transverse sec-
tion. Normal values are 4 � 7 � 11 cm (whereby the
transverse diameter is 4�5 cm and the longitudinal
diameter is < 11 cm). (s. p. 135)

� The size of the spleen can be determined with an
accuracy of � 5% by computer tomography. The max-
imum width and thickness can be measured directly
from the transverse section. The length is calculated
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from the difference between the upper and lower
splenic poles.

Normal values are as follows: longitudinal extension
11�15 cm, longitudinal axis of the ellipsoid cross-
section 7�10 cm, transverse axis 4�5 cm. The product
of the normal mean values gives the CT spleen index,
which correlates quite well with anatomical reality:
11 � 7 � 4 cm � 308 (160�440). In computer tomo-
graphy, the normal density of the spleen is 46 � 12 HU
or 50 � 8 HU.

� Selective spleen scintigraphy by chemically or heat-
denatured erythrocytes and 197Hg-BMHP-, 51Cr- or
99mTc-labelling provides very reliable measurements.

2.2 Definition

The symptom of splenomegaly is defined as an en-
largement of the spleen in which the normal values
(4 � 7 � 11 cm) are clearly exceeded by > 2�3 cm in
at least two dimensions � with a corresponding rise
in the normal CT index (160�440). Sonographic
reliability depends largely on spleen thickness: > 5
cm � 67%, > 6 cm � 85%, and > 7 cm � 100%. The
thickness of the spleen is therefore regarded as the
parameter which correlates best with clinical findings.
An increase in the longitudinal diameter to well over
11 cm is also considered to be “splenomegaly”. • A
diameter of the splenic vein of > 10 mm is deemed
pathological.

Fig. 11.1: CT (native) showing splenomegaly in non-Hodgkin
lymphoma (L � liver, S � spleen, arrow � calcified aorta)

The large individual variations in the “normal” values
as well as the differing results yielded by various
methods of examination (palpation, sonography, CT
and scintigraphy) call for greater precision in definition.
Whenever the diagnosis “splenomegaly” is established,
the method by which the diagnosis was obtained should
be given. (s. fig. 11.1)
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Fig. 11.2: Laparoscopy showing splenomegaly in portal hyperten-
sion due to liver cirrhosis

2.3 Pathogenesis and causes

Enlargement of the spleen can have numerous causes. It
is important to rule out any possibility that the method
of investigation itself could lead to splenomegaly being
simulated, such as “upside-down” spleen, accessory
spleen(s) or wandering spleen. The involvement of the
spleen in disorders of the lymphatic and reticuloendo-
thelial system as well as of the portal and systemic circu-
lation explains why splenomegaly is frequently found in
connection with widely differing diseases. (18, 20, 23,
34�38) (s. tab. 11.2)

Splenomegaly is very closely related to a number of liver
diseases and, in particular, to the clinically recognizable
involvement of the liver in a variety of pathological pro-
cesses. Inclusion of the differential diagnosis of spleno-
megaly can, therefore, provide valuable information for
the clarification of hepatological findings. (s. figs. 11.1;
11.2; 14.7; 35.10)

2.4 Functional sequelae

As a mechanical component, splenomegaly exerts pressure
on neighbouring organs. • In addition, splenomegaly has
mechanical and functional sequelae on the lienoportal
vascular system. There is also a close relationship be-
tween splenomegaly and the quantitative or qualitative
composition of the blood, which can ultimately develop
into a splenogenic marrow maturation arrest. Conse-
quently, a number of findings in liver diseases can be as-
sociated with splenomegaly or hypersplenism.

2.5 Therapy

Once the cause has been diagnosed differentially with
great thoroughness, splenomegaly therapy is directed
solely at the underlying disease � on the assumption
that symptomatic and curative therapy options are
available. (21)
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Drainage disorders in the portal and systemic
circulation
� Liver cirrhosis (37), liver tumours, liver

echinococcosis, portal vein thrombosis, throm-
bosis of the splenic vein, right heart failure,
Budd-Chiari syndrome, peliosis hepatis (39), etc.

Hepatolienal storage diseases
� Amyloidosis, fatty liver, glycogenoses, Wolman’s

syndrome, hyperchylomicronaemia, Wilson’s
disease, Zellweger’s cerebrohepatorenal syndrome,
Niemann-Pick disease, mucopolysaccharidoses,
etc.

Infectious diseases
� Acute viral hepatitis, acute salmonellosis, measles,

bacterial sepsis, histoplasmosis, leptospirosis,
malaria, mononucleosis, Bang’s disease, visceral
leishmaniasis (22), rickettsioses, toxoplasmosis,
tularaemia, schistosomiasis, etc.

Chronic infections
� Cholangitis, endocarditis lenta, malaria, eosino-

philic granuloma, tuberculosis, chronic hepatitis
(27), etc.

Collagenoses and rheumatic diseases
� Felty’s syndrome, lupus erythematosus, Reiter’s

disease, Still’s disease, Wegener’s disease, histio-
cytosis, etc.

Diseases of the haematopoietic system
� Acute leucosis, chronic lymphadenosis, chronic

myelosis, erythroblastosis, haemolytic anaemias,
Werlhof’s disease, osteomyelosclerosis, polycyth-
aemia vera, thalassaemia, shunt hyperbilirubin-
aemia, etc.

Diseases of the lymphoreticulohistiocytic system
� Lipogranulomatosis, lymphosarcoma, Hodgkin’s

disease (36), Brill-Symmers disease, Waldenström’s
disease, etc.

Chronic exposure to arsenic (29, 31)

Isolated (primary) splenomegaly
� Echinococcus (13), splenic abscess (12), splenic

tumours (30), splenic cysts (14, 15, 17, 24�26, 32, 33,
40), etc.

Non-tropical idiopathic splenomegaly
� Dacie’s syndrome (J. Dacie, 1969) (28)

Tropical idiopathic splenomegaly syndrome

Tab. 11.2: Causes of splenomegaly (with some references)
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12 Jaundice

For doctor and patient alike, the phenomenon of
jaundice evokes the idea of a disease of the liver or of
the bile ducts. Indeed, awareness of the condition of
jaundice is undoubtedly as old as medical science it-
self. (s. pp 6, 7)

1 Definition

The term jaundice or icterus is used to depict the yellow-
ish discolouring of the skin, mucous membranes and
body fluids witnessed as a result of hyperbilirubinaemia
in excess of 2.5 mg/dl, with subsequent deposition of
bile pigments in tissue which is rich in elastin. In cases
of severely impaired liver function or renal insufficiency,
bilirubin values can rise dramatically. • The term sub-
icterus is used to describe a low-grade icteric condition
occurring in the region of the white sclera with a serum
bilirubin value of > 1.8 mg/dl; for this reason, it is also
known as scleral icterus. (s. pp 80, 99)

Jaundice is a disorder in the metabolism of bilirubin
(s. p. 33); it is thus neither directly related to the bile
acid metabolism (s. p. 35) nor to cholestasis. (see
chapter 13)

Jaundice is a symptom and not a disease. • It can occur
with and without cholestasis.

2 Localization of bilirubin

Bilirubin is a hydrophobic organic anion. It shows a
varied affinity to the individual tissues, so that differen-
tiation can be made between bilirubinophilic and biliru-
binophobic tissues (F. Rosenthal, 1930). Above all, tissue
which is rich in elastin (skin, sclera, intima of the vessel
wall, ligaments) absorbs bilirubin rapidly and inten-
sively. Jaundice is thus first manifested at the sclera,
where it remains detectable longest. Subsequently, the
face, chest and abdomen as well as inner organs (such
as the liver) and, to a lesser degree, the extremities are
the most affected areas. Cartilage and nerve tissue are
rarely yellow-coloured as a result of the icteric con-
dition, and if so, only to a minor degree. The soles of
the feet and palms of the hands only show slight icteric
staining, if at all. • Saliva, lacrimal fluid and gastric
juice are not stained icteric-yellow. Cerebrospinal fluid
occasionally contains bilirubin and takes on a yellow
hue, such as in hepatic coma (D. S. Amatuzio et al., 1953)
or Weil’s disease (W.H. Cargill Jr. et al., 1947).

216

In cases of obstructive jaundice, bilirubin enters the
lymphatic vessels, so that the lymphatic fluid is already
icteric when it enters the thoracic duct. Exudates and
transudates are always yellow-coloured in a certain cor-
relation to the serum bilirubin values, although they
contain less bilirubin (in accordance with their lower
protein content) than the serum itself. Due to their
larger protein content, exudates are more icteric in col-
our than transudates. • Icteric colouring is hardly or not
at all evident on paralyzed parts of the body. It would
appear that bilirubin concentration also depends on
normal nerve function. As a rule, jaundice is not de-
tected in the region of an oedema (J. Meakins, 1927; J.H.
Page, 1929).

3 Different shades of jaundice
The respective colouring of jaundice depends on a number of dif-
ferent factors. The reddish shade in hepatitis patients used to be
defined as rubin jaundice; the lemon yellow with a reddish hue
observed in haemolysis was known as flavin jaundice (flavus �
Latin for yellow) and the greenish shade observed in long-term
cases of obstructive jaundice was called verdin or green jaundice. In
obstructions lasting for several months, greyish-green to greenish-
black tints were observed with jaundice, resulting in the term melas
jaundice (from the Greek word melas, meaning black). (s. p. 80) •
These colour differences, as interesting as they might be in the
individual case, are of little help in differentiating between the vari-
ous types of jaundice � nearly every shade is possible in every single
jaundice patient!

Differential diagnosis: Jaundice has to be clearly de-
limited from carotene jaundice or xanthodermia, which
may appear after an abundant ingestion of carrots, blood
oranges and mangoes or the use of medication and
cosmetic agents containing carotene. • Lycopenaemia
can occur after an excessive ingestion of tomatoes. • A
yellowing of the skin similar to that seen with increased
serum bilirubin levels can also occur after an intake of
quinacrin or busulfan.

4 Clinical classification of jaundice
� The classification of jaundice introduced by J. W. McNee (1923)
still holds true today. It distinguishes between (1.) haemolytic,
(2.) parenchymal, and (3.) obstructive. (s. p. 6) • Equally im-
portant is the classification of jaundice put forward by H. Ducci

(1947), which comprises various forms (1.) prehepatic, (2.) intra-
hepatic, and (3.) posthepatic.

Three types of bilirubin are found in the serum: uncon-
jugated (indirect), conjugated (direct), and covalent
albumin-bound bilirubin. (see chapter 3.3)

(1.) Unconjugated bilirubin IXα is almost insoluble in
water and therefore reversibly bound to albumin in the
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blood (< 1% free bilirubin remaining). Bilirubin enters
the hepatocytes with the aid of transporters (� bili-
translocases); during this process, it is dissociated from
albumin. Transport inside the hepatocytes is facilitated
by the two carrier proteins, Y (� ligandin) and Z (�
transport reserve).

(2.) Conjugated bilirubin is now formed in both rough
and smooth ER, where it is conjugated with glucuronic
acid. The result is a water-soluble bilirubin monoglucu-
ronide and subsequently the respective diglucuronide.
This glucuronidation process is catalyzed by uridine di-
phosphate-glucuronosyltransferase (UDPGT), which
occurs in the form of two isoenzymes. Excretion of bili-
rubin into the bile (20�40% as monoglucuronide,
60�80% as diglucuronide, 0.5�2.0% as unconjugated
bilirubin) is actively carried out by ATP-dependent
transporters (cMRP2, cMOAT). Bilirubin is trans-
ported into the bowels in mixed cells (together with bile
acids, cholesterol and phospholipids). Bacterial glucu-
ronidases then produce apolar, water-insoluble, uncon-
jugated bilirubin, which is converted to urobilinogen by
bacterial reductases.

(3.) Delta bilirubin describes a small amount of conju-
gated bilirubin in the serum, which is irreversibly bound
to albumin by covalent bonding. In laboratory tests for
bilirubin levels, delta bilirubin is determined together
with conjugated (direct) bilirubin. • In pronounced and
prolonged jaundice, the delta bilirubin level increases
proportionally. The half-life of conjugated (direct) albu-
min-bound bilirubin is approx. 17 days, which is the
same as that of albumin. This accounts for the relatively
slow regression of jaundice.

1. Prehepatic jaundice
� overproduction jaundice
� repression jaundice

2. Intrahepatic jaundice
a. Dysfunction of bilirubin transport

� diminished bilirubin uptake in the liver cell
� absorption jaundice

� dysfunction of intracellular bilirubin
transport (i. e. premicrosomal)

b. Dysfunction of bilirubin conjugation
� conjugation jaundice (i. e. microsomal)

� congenital
� postpartal
� acquired

c. Dysfunction of bilirubin excretion
� excretion jaundice (i. e. postmicrosomal)

3. Posthepatic jaundice
� obstruction or regurgitation jaundice

a. Extrahepatic jaundice
b. Intrahepatic jaundice

Tab. 12.1: Localization and developmental mechanisms of the
various types of jaundice
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In line with their mechanisms of development and local-
ization, the various forms of jaundice can be subdivided
into a well-established classification scheme. (s. tab.
12.1).

Unconjugated (� indirect) hyperbilirubinaemias

1. Bilirubin overproduction
� Haemolysis
� Dyserythropoiesis
� Jaundice from pulmonary infarction, from large haema-

toma, from repeated blood transfusions, occasionally in
postoperative icterus

� Repression of bilirubin from its albumin binding by
endogenous or exogenous substances

2. Diminished bilirubin uptake
� Long periods of fasting
� Flavaspidic acid, rifampicin, etc.
� Sepsis
� Right heart failure
� Portacaval shunt
� Gilbert-Meulengracht syndrome (on occasions)

3. Diminished bilirubin storage

4. Dysfunction of bilirubin conjugation
� Congenital disorders

� Crigler-Najjar syndrome
� Gilbert-Meulengracht syndrome

� Severe neonatal icterus
� Acquired disorders

� medication-induced toxicity
(e.g. ethinyloestradiol, gentamycin)

� hyperthyroidism
� hepatocellular diseases

Mainly conjugated (� direct), on occasions also combined,
hyperbilirubinaemias

1. Diminished bilirubin excretion
� Congenital dysfunctions

� Dubin-Johnson syndrome
� Rotor syndrome

2. Dysfunctions of the hepatocytes
� Acquired dysfunctions

� acute viral hepatitis
� acute liver failure
� liver cell necrosis in severe shock
� chronic aggressive hepatitis
� liver damage due to alcohol toxicity
� pronounced storage diseases
� severe fatty liver
� liver cirrhosis
� congestive liver
� toxic liver damage

3. Biliary obstruction
� Extrahepatic obstruction
� Intrahepatic obstruction

� mechanical
� toxic

4. Special forms
� Recurrent intrahepatic cholestasis
� Recurrent cholestasis in pregnancy
� Postoperative jaundice (on occasions)

Tab. 12.2: Different forms of jaundice classified in relation to the
metabolic disorder of bilirubin and glucuronidation of bilirubin



Chapter 12

Another way to subdivide the different forms of jaun-
dice is based on bilirubin conjugation, which enables all
forms of jaundice to be classified into two systems: un-
conjugated and conjugated forms of hyperbilirubin-
aemia. This particular systematization can result in
overlapping terminology or produce pathogenetic com-
binations. (s. tab. 12.2)

4.1 Prehepatic jaundice

Prehepatic jaundice is usually generated by haemolysis.
Overproduction of bilirubin results in unconjugated
hyperbilirubinaemia, whereby the serum bilirubin level
is rarely in excess of 5 mg/dl. Unconjugated bilirubin can-
not pass through the kidney, so that no traces of biliru-
bin are detectable in the urine despite the icteric state. •
The bile is pleiochromatic and lithogenic. Chronic pre-
hepatic jaundice can give rise to cholelithiasis due to the
formation of pure pigment gallstones. In severe cases of
haemolysis, the conjugated bilirubin in the serum may
also increase, so that bilirubin is now detectable in the
urine. As a result of haemolysis-related hyperbilirubin-
aemia, increased formation and renal excretion of uro-
bilinogen occur. (s. tabs. 5.8; 12.1) (s. pp 33, 99) (s. fig.
5.3)

Apart from the multicausal facets involved in the
haemolytic syndrome or the disorders leading to
haemolysis (e. g. erythrocyte defects, toxins, noxae, anti-
body-mediated or mechanical factors), other causes of
prehepatic jaundice are worthy of mention:

(1.) Dyserythropoiesis refers to an increasing presence of abnormal
erythrocyte precursors in the bone marrow and spleen (with sple-
nomegaly, but no hepatomegaly) due to ineffective erythropoiesis
and early labelled bilirubin production (primary shunt hyperbili-
rubinaemia). Jaundice is indicated by serum bilirubin levels of
1.5�8 mg/dl between the ages of 20 and 30. Levels of urobilinogen
in the urine are elevated and normoplastic erythroid hyperplasia
occurs in the bone marrow. Prognosis is, however, good. (3, 10)

(2.) Pulmonary infarction jaundice following extensive haemor-
rhagic pulmonary infarction with haemolysis of the erythrocytes
which have passed into the alveoli.

(3.) Haematoma jaundice with retrogression of large haematomas
due to the fact that 1 litre of blood produces about 5 g bilirubin,
which is 20 times the normal daily bilirubin production.

(4.) Postoperative jaundice: In some cases, postoperative hyperbili-
rubinaemias may also be caused by haemolysis, in particular when
unconjugated bilirubin is detectable. (2, 7, 15)

(5.) Blood transfusions: Haemolysis is due to the shortened life-
span of transfused erythrocytes.

(6.) Displacement of bilirubin from its albumin bond. Various en-
dogenous substances (e. g. long-chain fatty acids and bile acids) or
exogenous compounds (e. g. medication, such as ampicillin, ajma-
line, quinidine, furosemide, indomethacin, probenecid, rifampicin,
sulphonamide etc., and X-ray contrast media) can compete with
bilirubin, not only with respect to its specific binding site, but also
for its carrier protein.
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Irrespective of the aetiology and pathogenesis of haemo-
lysis, certain symptoms are generally witnessed. (s. tab.
12.3)

1. Serum bilirubin �
� mainly indirect bilirubin, seldom >5 mg/dl

2. Urobilinogenuria �, bilirubinuria �
� only in severe haemolysis

3. LDH1,2 �
4. Haptoglobin �
5. LDH/GOT quotient > 12
6. Reticulocytes > 20 ‰
7. Splenomegaly: frequent
8. Liver biopsy: normal

� possible detection of haemosiderin
9. Erythropoiesis in the bone marrow �

Tab. 12.3: General signs of haemolysis

4.2 Intrahepatic jaundice

Multiple influences may cause a disorder in the metab-
olism of bilirubin inside the hepatocyte. This dysfunction
may be localized in the premicrosomal, microsomal or
postmicrosomal region of the liver cell. (s. tab. 12.2)

(1.) Jaundice may result from a diminished bilirubin uptake in the
liver cell. This is possibly caused by bile acids, medication or
chemicals (e.g. vermicides such as flavaspidic acid). Extensive
periods of fasting (N.A. Gilbert et al., 1907; E. Meyer et al., 1922)
(<300 calories/day, >48 hours) and toxaemia with sepsis (14, 18,
23) can also give rise to unconjugated hyperbilirubinaemia.

(2.) Reduced storage of bilirubin can be caused by the bilirubin
competing with exogenous substances for binding to the Y protein
or with long-chain fatty acids for binding to the Z protein. Thus
bilirubin may diffuse back from the liver cell into the blood.

(3.) Dysfunction of the glucuronosyltransferase activity is mainly
attributed to congenital defects, resulting in functional, unconju-
gated hyperbilirubinaemias. In contrast, acquired impairment of
glucuronidation as a result of medicaments (chloramphenicol,
pregnanediol, testosterone, etc.) or due to hypothyroidism is
deemed to be rare. This particular form of jaundice shows an in-
crease in indirect bilirubin without occurrence of bilirubinuria.
Medication-induced jaundice is rarely due to an inhibition of glu-
curonosyltransferase activity, because other enzyme systems in the
biotransformation process (phase 2) show overlapping effects.

(4.) Jaundice is also caused by dysfunction in the secretion of biliru-
bin. The mechanisms involved in the excretion of bilirubin into the
biliary capillaries are, however, still largely unresolved, which is
why the starting points of the disruptive factors are still unknown.
This dysfunction is a postmicrosomal regurgitation jaundice with
increased levels of both unconjugated and conjugated bilirubin.

� Congenital defects include the Dubin-Johnson syn-
drome and Rotor syndrome. (s. tab. 12.4) Both of these
diseases present a genetically determined disorder in the
secretion of bilirubin.

� Acquired liver diseases (e. g. cirrhosis, liver cell
necrosis in severe shock (11), pronounced toxic liver
damage, cardiac congestion (11, 17), alcohol-related and
medication-induced diseases of the liver) very frequently
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cause jaundice as a result of disorders in the secretion
of bilirubin. The uptake, storage and conjugation of
bilirubin are usually not impaired. A number of medic-
aments merely produce elevated bilirubin levels (so-
called jaundice type). • Intrahepatic jaundice � with and
without cholestasis � is most frequently attributed to
acquired defects of the respective functions of the liver
cell as a result of pronounced liver damage. Conjugated
(sometimes even unconjugated) hyperbilirubinaemia is
evident in connection with bilirubinuria and urobili-
nogenuria. The greater the liver damage, the higher are
the frequency and degree of severity of jaundice (pos-
sibly even with additional cholestasis).

� Additional cholestasis: Isolated defects in the trans-
port mechanisms of bilirubin not only display jaundice,
but also an impairment in the secretion of bile. The out-
come is additional intrahepatic, nonobstructive chole-
stasis.

4.3 Posthepatic jaundice

This form of jaundice is initiated by a mechanical ob-
struction in the region of the extrahepatic or intra-
hepatic bile ducts, which is why the terms “mechanical
jaundice” or “obstructive jaundice” are also common.
The congestion of the bile flow is either incomplete or
complete. Bile stasis results in dilation of the extrahe-
patic and intrahepatic bile ducts, allowing hepatomegaly
to develop. (8, 9, 16, 19) (s. tab. 12.1)

Histologically, obstructive jaundice is characterized by biliary
thrombi in the canaliculi as well as the storage of bile pigments in
hepatocytes and Kupffer cells. These changes are most pronounced
at the centres of the lobules, since there is less chance of outflow
here than in the lobular periphery.

Biochemically, a change in structure relating to the mucopolysac-
charides (neuraminic acid?) and monohydroxy bile acids probably
accounts for the formation of biliary thrombi. Some of the “under-
hydroxylated” bile salts appear in crystalline form; the bile be-
comes increasingly viscous and its flow is impeded. This defect in
the excretion of bile salts culminates in dysfunctions in the se-
cretion of bilirubin, which is why bilirubin is regurgitated into the
blood. The bile which accumulates in the bile ducts ultimately be-
comes mucous and white because of the reabsorption of bile pig-
ments by the epithelia of the small bile ducts.

� Extrahepatic obstructive jaundice is caused by stenos-
ing processes. The region of Vater’s papilla is particu-
larly affected, for example by inflammations, stones,
duodenal diverticula, carcinoma, parasites, cicatricial
stenosis or adenomatosis. In this respect, special men-
tion should also be made of carcinoma, cicatricial stric-
tures and gallstones (s. figs. 8.14, 8.15; 32.1, 32.15), com-
pression of the common bile duct due to a cystic duct
stone (� Mirizzi syndrome), haemobilia, and various
parasites � such as Ascaris lumbricoides (s. fig. 25.8!).
All of these disorders can be found in the area of the
extrahepatic bile ducts. (9, 19)

� Intrahepatic obstructive jaundice relates to the intra-
hepatic bile ducts, which can be blocked, above all mech-
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anically, by inflammatory processes (cholangitis, pri-
mary biliary or primary sclerosing cholangitis), intra-
hepatic stones, granulomas, tumours, cysts, amyloid de-
generation, eosinophilic gastroenteritis, and cystic
fibrosis of the pancreas � to name but a few examples.
• In addition, biliary obstructive jaundice can also be
caused by drug-induced toxicity, e. g. with C17-substi-
tuted steroids, erythromycin estolate, chlorpromazine,
chlorpropamide, ajmaline, halothane, methylthiouracil.
• Further intrahepatic forms of obstruction include
recurrent intrahepatic cholestasis and recurrent chole-
stasis in pregnancy. (s. tab. 12.4)

� Special forms: There are a multitude of factors in-
volved in the pathogenesis of intrahepatic benign post-
operative jaundice; hypoxia, hypotension, haemolysis,
toxins, sepsis and medicaments are just a few of them.
(5, 6, 14, 18, 23) • Likewise, jaundice in intensive-care
patients (2, 7, 15) as well as after long-term total par-
enteral nutrition belong to this category. (1, 4)

5 Functional hyperbilirubinaemias

Hyperbilirubinaemia relates to functional disorders
in the hepatocellular metabolism of bilirubin � with
and without cholestasis (W. Siede, 1957). This means
either dysfunctions regarding bilirubin conjugation
(� conjugation jaundice) or bilirubin excretion (� ex-
cretion jaundice).

Unconjugated hyperbilirubinaemias

As a result of impaired bilirubin conjugation, uncon-
jugated lipophilic bilirubin IXα increases (80�85% of
the total bilirubin gives rise to an indirect diazo reac-
tion). This free bilirubin can pass unhindered through
biological membranes and hence have a toxic impact
on cells. Many factors may affect the various stages
of the metabolic process, which is still incomplete up
to this point. Cholestasis is absent in these diseases.
(59) (s. tab. 12.4)

5.1 Neonatal and infant jaundice

5.1.1 Physiological neonatal jaundice

In about 90% of all neonates, jaundice occurs after the
first 2�5 days of life and rarely exceeds 6 mg/dl serum
bilirubin. In premature infants, bilirubin levels can rise
to 10�12 mg/dl. • The cause is related to a number of
factors: (1.) reinforced degradation of haemoglobin as a
result of the short erythrocyte survival span of 70�90
days (120 days in adults), (2.) reduction in cellular trans-
port proteins, above all ligandin, (3.) deficiency of uri-
dyltransferase and glucuronosyltransferase, and (4.) in-
creasing intestinal absorption of meconium bilirubin.
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Unconjugated hyperbilirubinaemias
� indirect positive diazo reaction

1. Neonatal jaundice
Neonatal
� Physiological neonatal jaundice
� Jaundice in pyloric stenosis
� Jaundice in intestinal obstruction
� Blood group incompatibility
� Hereditary haemolytic anaemias
� Breast-milk jaundice

Connatal-hereditary
� Lucey-Driscoll syndrome
� Zellweger’s syndrome (s. p. 234)
� Infantile Refsum’s disease (s. p. 234)
� Hereditary haemolytic anaemia
� Dyserythropoiesis

2. Crigler-Najjar syndrome
� Type I
� Type II (� Arias syndrome)

3. Gilbert-Meulengracht syndrome

Conjugated (partly combined) hyperbilirubinaemias
� direct positive diazo reaction

1. Dubin-Johnson syndrome

2. Rotor syndrome

Conjugated (partly combined) hyperbilirubinaemias with eleva-
tion of biliary acids (see chapter 13)

1. Recurrent intrahepatic cholestasis in pregnancy

2. Recurrent intrahepatic cholestasis
� Benign forms

� Summerskill-Tygstrup type
� Aagenaes type

� Progressive form
� Byler’s syndrome (Clayton-Juberg type)

3. Idiopathic connatal or neonatal hepatitis

Tab. 12.4: Functional, partly neonatal, partly connatal-hereditary
hyperbilirubinaemias

After approx. 10 days, newborn jaundice subsides with-
out any further consequences. Bilirubin also acts as an
antioxidant and can thus provide protection from oxy-
gen radicals, if necessary. • Peripartal complications can,
however, reinforce or prolong this state. This may occur
in infantile hypothyroidism or when medication is ad-
ministered directly to the infant as well as via breast
milk (particularly when bilirubin is displaced from its
albumin binding by drugs). In more pronounced jaun-
dice, phototherapy and an increase in the oral intake of
fluids may be advisable. (44, 45, 48, 53, 58, 64)

5.1.2 Kernicterus

Kernicterus may occur as the result of immaturity of
the blood-brain barrier in severe neonatal icterus and
can occasionally be found in premature infants as well,
with bilirubin levels usually higher than 20 mg/dl. Un-
conjugated bilirubin is deposited in the basal ganglia of
the hippocampus and the hypothalamus nuclei as bili-
rubin-phosphatidylcholine precipitate, where it gives rise
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to neuronal necroses. Risk factors (e. g. asphyxia, aci-
dosis, hypothermia, hypoglycaemia, sepsis with lower
UPT activity, and medication) promote the occurrence
of the dreaded kernicterus. • In clinical terms, sucking
weakness, vomiting, attacks of fever, convulsions, reflex
anomalies, shrill shrieking, apathy and muscular hypo-
tension can be observed, with subsequent muscular
hypertonicity, cramps, opisthotonus, strabismus, nystag-
mus and apnoea. The lethality rate is about 75%. Sur-
vival is accompanied by cerebral paresis, deafness and
retardation. • Therapy focuses on exchange blood trans-
fusions, plasmapheresis and phototherapy (430�470
nm; 8�12 hours daily). (13, 25, 28, 64, 69).

5.1.3 Lucey-Driscoll syndrome

This is a familial form of neonatal hyperbilirubinaemia
(J.F. Lucey et al., 1960) (52) and can probably be attributed to
the inhibitive effect of a progestagen steroid in the ma-
ternal blood serum, which impedes bilirubin conjugation.
Babies show sucking weakness. Bilirubin values can be in
excess of 6 mg/dl. This disorder, which occurs from ap-
proximately the 2nd day of life onwards, regresses after
2�3 weeks. There is no hepatomegaly or splenomegaly;
bilirubin and urobilinogen cannot be detected in the urine.
The prognosis is good. In severe (extremely rare) cases, ex-
change blood transfusions may be indicated.

5.1.4 Breast-milk jaundice

Prolonged neonatal breast-milk jaundice is found in
0.5�1% of all breast-fed infants as from the 4th day and
within the first 2 weeks of life. Bilirubin levels are dras-
tically elevated (15�25 mg/dl). Nevertheless, this clinical
picture does not generally give rise to kernicterus. Even if
breast-feeding is discontinued immediately, the condition
can take up to 10 weeks to regress. Possible causes are
long-chain fatty acids or a pregnane derivative (preg-
nane-3-α-20β-diol) in the breast milk; this steroid inhibits
glucuronosyltransferase activity. Apart from that, intes-
tinal bilirubin uptake is elevated. (24, 40, 71)

5.1.5 Blood group incompatibility

Rh-erythroblastosis occurs in 0.2‰ and ABO erythro-
blastosis in 0.6% of all pregnancies. In clinical terms, the
course of the latter disease is usually more moderate. Due
to severe haemolysis, unconjugated bilirubin levels rise
rapidly, often reaching relatively high values. • Therapy
includes phototherapy, exchange blood transfusions and
administration of immunoglobulin (500 mg/kg BW).

5.1.6 Hereditary haemolytic anaemia

Thalassaemia, spherocytosis, sickle-cell anaemia and
glucose-6-phosphate dehydrogenase deficiency are rare
causes.
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5.1.7 Crigler-Najjar syndrome

� In 1952 the clinical picture of this congenital, familial, non-
haemolytic type of jaundice was described by the American
paediatricians J. F. Crigler and V.A. Najjar (31). • Differentiation
is made between the homozygous type I (progressive with lethal
outcome) and the heterozygous type II (more moderate and
favourable in its course). • The cause is a hereditary recessive (or
dominant in type II) autosomal deficiency in UDP-glucu-
ronosyltransferase. Consanguinity is common within the families
affected. The gene is located on chromosome 2.

The (rare) Crigler-Najjar syndrome type I can be attri-
buted to the almost total lack of the 2 isoenzymes in bili-
rubin UDP-glucuronosyltransferase activity (as a result
of mutations in UGT-1A1 locus). Consequently, hepatic
bilirubin clearance is reduced to 1�2% of the standard
rate. Bilirubin is excreted as unconjugated bilirubin IXα
or in the form of polar diazo-negative metabolites. Be-
cause of the absence of conjugation, severe unconjugated
hyperbilirubinaemia with bilirubin values of 18�50 mg/
dl occurs during the first days of life. Within a few days,
kernicterus develops with pronounced neurological dis-
orders. (50) Stools and urine are of normal colour, the bile
is colourless. The liver and spleen are not enlarged. All
hepatic laboratory parameters are normal. Except for the
presence of biliary thrombi, the histology of the liver is
quite regular. As a result of the biliary thrombi in the den-
tal canaliculi, the teeth can take on a yellow colouring,
and enamel hypoplasia appears. • The course of disease is
progressive and generally lethal. The mean life expect-
ancy ranges between 6 and 18 months. Only a few of the
150�200 patients whose case histories have so far been
published reached puberty. • Therapy consists of ex-
change blood transfusions and plasma separations as
well as intensive phototherapy (8�12 hours daily), pos-
sibly in combination with cholestyramine, agar, zinc and
calcium carbonate or calcium phosphate. Indol-3-carbi-
nol is also recommended as an inductor of CYP 450-
1A1/-1A2. Liver transplantation may be indicated. (68)

In Crigler-Najjar syndrome type II (I.M. Arias, 1962) (Arias
syndrome) (26), glucuronosyltransferase activity is merely
reduced, since only one isoenzyme is defective. For this
reason, bilirubin conjugation is only minimally restricted.
Bilirubin is largely excreted as monoglucuronide. The up-
take of bilirubin into the liver cell might also be impaired.
Jaundice generally occurs within the first year of life, but
occasionally during the following 20�30 years. (28) Biliru-
bin values fluctuate between 6 and 20 mg/dl. A more pro-
nounced rise in bilirubin levels can be caused by various
stress factors (e.g. fasting, infections, acidosis, metabolic
dysfunctions). In such cases, kernicterus can occasionally
occur. Like type I, type II does not display any particular
stigmata: the colour of the stools and urine, the size of the
liver and spleen as well as the laboratory parameters are
normal. Now and again, histology displays biliary
thrombi while, as with type I, hypertrophy of the smooth
endoplasmic reticulum and of the Golgi apparatus is also
in evidence. • The course of disease is more moderate, so
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that prognosis is usually good. Nevertheless, repeated at-
tacks of kernicterus can culminate in permanent neuro-
logical damage (intention tremor, changes in the EEG, im-
paired intelligence). • As therapy, phenobarbital (3 � 60
mg) in combination with calcium phosphate has proved
useful. Phototherapy is likewise indicated. (13, 28) Alterna-
tively, phenytoin or phenazone can also be applied. The
effect is derived from the induction of the glucuronidation
enzyme and the enhancement of the synthesis of the Y
protein. Careful guidance of the patient is important, par-
ticularly in order to avert attacks of kernicterus. (38, 39, 43,
45, 50, 61, 67, 73)

5.2 Jaundice in adults

5.2.1 Gilbert-Meulengracht syndrome

� In 1901 A. Gilbert and P. Lereboullet described a clinical
picture using the term cholémie simple familiale. (36, 37) The
icterus intermittens juvenilis (56) described by E. Meulengracht

in 1939 (subsequently termed familial, nonhaemolytic jaundice
or constitutional hyperbilirubinaemia) proved to be identical.

The frequency of this harmless disorder in the metab-
olism of bilirubin is quite high: it affects 5�12% of the
population. The syndrome is 4 times more common in
men than in women. Frequency in the affected families
lies between 5% and 55%. • Genetic transmission occurs
in a dominant autosomal way with differing degrees of
penetrance, which accounts for the heterogeneous clin-
ical picture. Sporadic occurrences of this syndrome have
also been observed. The gene is located on chromo-
some 2.

The pathogenesis is characterized by several mechanisms: (1.) ele-
vated production of hepatic haem bilirubin; (2.) in some 60% of
the patients, minor haemolysis is evident due to a lower survival
span of erythrocytes; (3.) the activity of the glucuronosyltransfer-
ase is diminished (by about one third of the norm) due to mu-
tations in UGT-1A1 locus, and there is above all a deficiency in
monoglucuronosyltransferase activity, because bilirubin monoglu-
curonide excretion in the bile is considerably higher than is the
case in healthy persons; (4.) disorders in membrane fluidity are
responsible for reduced bilirubin uptake in the hepatocytes. Ligan-
din and Z protein levels in the hepatocytes are reduced. • However,
none of these mechanisms in itself provides an explanation for the
symptoms of the Gilbert-Meulengracht syndrome.

The subjective complaints of the patients are reflected in
irritability, moodiness, fatigue, vegetative dysfunctions,
epigastric discomfort and abdominal bloating. Such
complaints, however, show no correlation with the
intensity of hyperbilirubinaemia. It is still not clear
whether these ailments can be regarded as concomitant
symptoms (� epiphenomena) or as a sequela (� hypo-
chondriac reaction) of jaundice.

The clinical picture is characterized by intermittent jaun-
dice with bilirubin levels of 1.5 to 2.5 mg/dl; there are also
phases in which normal values are registered. Increased
bilirubin values are not only discernible after fasting and
physical exercise, but also as a result of infections, alcohol
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consumption, menstruation, medication and severe
stress. Bilirubin levels fluctuate considerably, even during
the course of several days. This syndrome usually be-
comes manifest between the ages of 15 and 30. It is rarely
found in neonates or infants. There are no further find-
ings: liver and spleen are normal in size; urine and stools
show no noticeable changes in colour; transaminases are
regular, and cholestasis is not detectable. Generally, there
are no signs of haemolysis, except to a slight extent in
patients with higher bilirubin values. Only in 20�40% of
cases is it possible to find a defect in the uptake of organic
anions (e. g. indocyanine green). (54) However, reduced
glucuronidation of certain medicaments was observed
(e. g. acetaminophin, clofibrate, rifampicin, tolbut-
amide). (32) Gilbert’s syndrome is classed as a clinically
significant complication only when it occurs together
with thalassaemia or simultaneous ingestion of ifinote-
can.

Diagnosis is founded on: (1.) normal transaminase
values, (2.) regular ultrasound findings, and (3.) an ele-
vated level of unconjugated serum bilirubin. • The diag-
nosis can be confirmed by various laboratory param-
eters, findings or tests:

(1.) Serum values of bile acids, haptoglobin and reticulocytes are
normal.
(2.) The monoglucuronide/diglucuronide quotient is elevated.
(3.) Fasting (< 400 calories per day for 2 days) raises bilirubin levels
to 2 (�3) times the initial value.
(4.) Maintaining a diet normal in calories yet strictly lipid-free for
2 or 3 days can cause bilirubin levels more or less to double.
(5.) Rigorous physical exercise (sports) for 1 or 2 days results in
noticeably increased bilirubin values.
(6.) The nicotine acid test (50 mg nicotine acid i.v.) produces a rise
in bilirubin of more than 0.9 mg/dl in excess of the initial value,
measured at 4 hours after the injection. The specificity and sensi-
tivity of this test are almost 100%. (35, 42, 62)
(7.) Administration of phenobarbital (3 � 60 mg/day) leads to a
decrease (possibly normalization) in bilirubin values.

Histology of the liver is normal. An accumulation of
intralobular bile ducts (H. Thaler, 1982) is noticeable.
There may be centroacinar deposits of higher amounts
of lipofuscin. Ultrastructurally, an increase of 5 to 10
times the norm is observed in the rough endoplasmic
reticulum.

Therapy of this “cosmetic defect” is not necessary. In
severe cases of jaundice, short-term administration of
phenobarbital (60�180 mg/day) may be considered. •
The harmless nature of this congenital, purely cosmetic
ailment must be pointed out to the patient. Diets or
even medication are quite out of place, as are “alterna-
tive” courses of treatment. • In isolated cases, a biopsy
of the liver may be required (although this is in itself
not indicated) in order to provide evidence of the harm-
less nature of this syndrome to the patients, who are by
this time often neurotic and utterly convinced that their
condition is chronic and can no longer be treated. (27,
32, 45, 46, 49, 51, 52, 54, 55, 57)
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Conjugated (partly combined) hyperbilirubinaemias

Conjugated hyperbilirubinaemia derives from a con-
genital disorder which causes decreased bilirubin ex-
cretion in the canaliculi. This is why serum bilirubin,
which reacts directly, is drastically elevated during an
icteric episode. More than 40% (�85%) of the total
bilirubin in the serum produces a direct diazo reaction.
Unconjugated bilirubin is also found in the blood. Bili-
rubin is covalently bound to albumin. Bilirubinuria
and urobilinogenuria are in evidence. (59) (s. tab. 12.4)

5.2.2 Dubin-Johnson syndrome

� The clinical picture first described by I. N. Dubin and F. B.
Johnson (1954) (33) was observed at the same time by H. Sprinz

and R. S. Nelson (1954). (70)

The frequency of this syndrome, which shows a recessive autoso-
mal inheritance pattern, is clearly characterized by ethnic differ-
ences. Up to now, over 200 confirmed reports have been published.
The real number is considerably higher, since not all cases are actu-
ally diagnosed or communicated. The mutations are located on
chromosome 10q 23�24. Genetic evidence of this syndrome can
also be obtained from skin biopsies (� detection of MRP2 in
fibroblasts).

� We observed two patients who were suffering from a
Dubin-Johnson syndrome, one of them in connection with
acute viral hepatitis A. (s. figs. 12.1, 12.2)

Manifestation can occur at any age, although it is gener-
ally diagnosed between the ages of 10 and 30. The dis-
ease can develop both gradually and acutely, often trig-
gered by infections, acute viral hepatitis, alcohol, exces-
sive physical or mental strain, contraceptives, preg-
nancy, etc. • The cause is considered to be a dysfunction
of the bilirubin transport system in the canalicular
membrane of the hepatocytes. The result is a dysfunc-
tion of (conjugated) bilirubin excretion into the bile. A
deficiency of MRP 2 (MOAT) is deemed to be a causa-
tive factor.

The subjective ailments of patients, especially in the case
of icteric episodes, include fatigue, languor, inappetence,
nausea, and pain on pressure in the right epigastrium �
sometimes even of a colic-like nature.

The clinical picture is characterized by chronic or inter-
mittent jaundice with values between 2 and 6 mg/dl, and
in rare cases between 6 and 12 mg/dl. With acute icteric
episodes, values can be in excess of 20 mg/dl. The pro-
portion of conjugated bilirubin in the serum is about
60%, almost exclusively in the form of diglucuronidated
bilirubin. The liver or spleen are only occasionally en-
larged (50�60% or 10�15% of cases, respectively). Both
the laboratory values and the bile acids in the serum are
normal; cholestasis is absent. Coagulation factor VII is
frequently reduced (approx. 60% of cases). In more pro-
nounced jaundice, bilirubinuria and urobilinogenuria
are in evidence. Excretion of coproporphyrin I in the
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urine is elevated, but that of coproporphyrin III is re-
duced. (34) • The oral cholecystogram is “negative”,
whereas the gall bladder appears normal after i.v. ad-
ministration of contrast medium.

Fig. 12.1: Dubin-Johnson syndrome. (Clinically: persistent jaun-
dice following acute viral hepatitis A.) Massive intracellular stor-
age of lysosomal brownish pigment (Berlin blue)

Histologically, the clinical picture is characterized by the depos-
ition of brown, coarsely grained, iron-free, melanin-like pigments
(� black liver jaundice). (s. fig. 12.2) The lipomelanin (?) is stored
in the lysosomes between the cell nucleus and canaliculus, so that
pericanalicular pigment pathways are formed. The pigment is pos-
sibly a polymerization product of catecholamines. It is detected in
differing degrees of intensity and seems to fluctuate during the
course of disease as well as upon regeneration of the liver cell, e. g.
following acute viral hepatitis. (s. fig. 12.1) (s. p. 421)

Laparoscopically, the liver is bluish-green to bluish-black in colour
(� black liver). The surface is smooth and shiny, with intricate
vascular multiplication; the lymphatic vessels of the capsule of the
liver can appear more pronounced. (s. fig. 12.2)

Fig. 12.2: Dubin-Johnson syndrome (so-called black liver)

Therapy is not required for this benign disease, nor is it
effective. During icteric episodes, it is advisable to ad-
minister phenobarbital. The harmless nature of the syn-
drome must be explicitly pointed out to the patient, even
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in the case of “chronic jaundice”. Stress factors, such as
contraceptives, may trigger an icteric episode and
should be avoided. However, there are no medical objec-
tions to pregnancy, where increased bilirubin values are
often encountered. (30, 34, 41, 45, 47, 60, 65, 72, 73, 76)

5.2.3 Rotor syndrome

� The Rotor syndrome was first described by A. B. Rotor et al.
in 1948 (63), after G. Canali had already reported on this form
of jaundice (albeit not histologically investigated) in 1945.

This clinical picture shows a recessive autosomal inheri-
tance pattern. In approx. 40 cases published to date,
there are no obvious signs of a gender-related prefer-
ence. Conjugated hyperbilirubinaemia of this syndrome
derives from a disorder of the uptake, intracellular
bonding (storage) and excretion of bilirubin. Other or-
ganic anions (bromosulphophthalein, indocyanine
green) are also subject to delayed excretion.

This form of jaundice is found in childhood and adoles-
cence as conjugated hyperbilirubinaemia. Bilirubin
values range between 2 and 5 mg/dl with intercurrent
icteric episodes, which (as in the Dubin-Johnson syn-
drome) are mostly triggered by various stress factors.
Bilirubinuria and urobilinogenuria may likewise appear,
depending on the bilirubin values. All hepatic labora-
tory parameters are normal. Excretion of total copro-
porphyrins in the urine is elevated. Oral administration
of a contrast medium allows the gall bladder to be visu-
alized. Histology of the liver shows no pathological
findings; in particular, there is no pigment deposition. •
Therapeutic measures are not necessary, and in fact none
are known. Prognosis is good. Any factors that might
set off an icteric episode should be avoided. (29, 45, 75, 76)

5.2.4 Hepatic storage disease

Hepatic storage disease (J. Golan et al., 1985) is deemed to be a
variant of Rotor syndrome. This dysfunction is witnessed during
the first years of life. Bilirubin values are only moderately ele-
vated (2�4 mg/dl). About half of the bilirubin is conjugated.
The pathogenetic mechanisms are presumably the same as in
Rotor syndrome. • Treatment is likewise not required for this
benign disorder.

Conjugated (partly combined) hyperbilirubinaemias with
impaired drainage of bile acids

The principal symptoms of this form of disease are
(1.) largely conjugated (partly combined) hyperbili-
rubinaemia with jaundice and (2.) cholestasis with
pruritus and scratch marks. • This group includes (1.)
recurrent intrahepatic cholestasis in pregnancy, (2.)
benign recurrent intrahepatic cholestasis (BRIC) as
well as the Aagenaes form, and (3.) progressive fa-
milial cholestasis (PFIC) and the Byler form. (see
chapter 13)
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6 Differential diagnosis of jaundice

� Each case of jaundice calls for differential diagnos-
tic clarification. The clinical spectrum ranges from
the so-called cosmetic, perfectly harmless defect
through to malignant obstructions. (2, 5, 8, 9, 12, 16,
20�22, 59) • It is of the utmost importance to differen-
tiate between nonobstructive and obstructive jaundice.

Based on a targeted and exact anamnesis, subjective com-
plaints by the patient and careful physical examination (s.
tab. 12.5), it is possible in most cases to make a clear dis-
tinction between four different categories of jaundice: (1.)
haematological, (2.) hepatocellular, (3.) biliary obstruc-
tive, and (4.) hereditary. (s. tabs. 12.1, 12.2, 12.4)

1. Precise anamnesis

� Start of jaundice?
� Fluctuations in intensity?
� Relapses?
� Correlation with surgery, infusions, injections?
� Correlation with pregnancy?
� Journeys abroad?
� Occurrence of jaundice within the family?
� Alcohol abuse?
� Medication?
� Contact with chemicals?
� Pre- or coexistent hepatobiliary diseases?

2. Subjective complaints

� Pain in the right epigastrium?
� Colic?
� Lack of appetite? Loss of weight?
� Nausea?
� Itching?
� Arthralgia?
� Colour changes in stools or urine?
� Fatigue?
� Decrease in vitality?

3. Clinical results

� Hepatomegaly?
� Tenderness on pressure?
� Splenomegaly?
� Scratch marks?
� Type and intensity of jaundice?
� Skin stigmata of liver diseases?
� Hyaline cast in urine sediment?
� Stool and urine examination results?

Tab. 12.5: Important anamnestic and clinical findings for setting
up a differential diagnosis of jaundice

If there is no interference in terms of colour reactions in
the urine due to pronounced yellowing, a preliminary

Type of jaundice Bile Colour of Colour of Urobili- Bilirubin
stool urine nogen

Prehepatic jaundice dark dark normal � �

Intrahepatic jaundice light light dark � �

Posthepatic jaundice light or � acholic dark (�) or � �

Tab. 12.6: Main colouration of
duodenal bile, stools and urine as
well as the results of bile pigment
tests in the urine of jaundice
patients (� � negative)
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categorization of the jaundice form is possible. A per-
sistently negative urobilinogen sample, concurrent with
evidence of bilirubinuria, points to a complete obstruc-
tion or serious restriction of hepatic function. A persist-
ently positive urobilinogen reaction in the absence of
bilirubinuria suggests prehepatic (haemolytic) jaundice.
(s. tab. 12.6)

At the outset of clinical investigations, priority is given
to determining the direct and indirect bilirubin reaction
in the serum with the help of the diazo reaction. Other
laboratory parameters as well as the enzyme quotients
(s. tabs. 5.6, 5.7) often allow the differential diagnosis of
jaundice to be made at this stage. (s. tab. 12.7)

� Determination of total bilirubin with differentiation between
direct (conjugated) and indirect (unconjugated) bilirubin

� Determination of cholestasis-indicating enzymes (AP, LAP,
γ-GT); bile acids and bile pigments in the urine (s. tab. 12.6)

� Test for signs of haemolysis (s. tab. 12.3)
� Determination of transaminases and (possibly) enzyme quo-

tients (s. tabs. 5.6, 5.7)
� Antimitochondrial antibodies (s. tabs. 5.20, 5.21)
� Hepatitis serology (s. tab. 5.17)
� Determination of total coproporphyrin and coproporphyrin

I and III in the urine

Tab. 12.7: Important laboratory parameters for the differential
diagnosis of jaundice

� Noninvasive procedures used consecutively are ultra-
sound and, if necessary, computer tomography. For the
diagnosis of extrahepatic jaundice, both test procedures
have about the same sensitivity and specificity, yet their
degree of accuracy is no greater than that obtained
through clinical and laboratory examinations. Labora-
tory diagnosis facilitates a precise differentiation be-
tween the types of hyperbilirubinaemia and their pos-
sible combination with cholestasis.

1. Ultrasound examination is always indicated for the
clarification of jaundice. The results determine the sub-
sequent diagnostic steps. It is important to clarify
whether the bile ducts are dilated, which is a hint for
obstructive jaundice. (s. tabs. 6.8, 6.9) (s. p. 131)

2. Computer tomography can be indicated in isolated
cases, particularly in order to establish the cause of ob-
struction or when focal lesions are present.

The diagnostic strategy for clarification of cholestasis
and jaundice is outlined later in a flow diagram. (s.
fig. 13.7) (s. p. 239)
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� If a particular jaundice cannot be categorized, inva-
sive methods are indicated:

1. Liver biopsy has often proved indispensable for the
differentiation and validation of unresolved prehepatic
or intrahepatic jaundice. (s. p. 143)

2. Laparoscopy should always be considered if the pre-
viously applied procedures have not provided any
differential diagnosis. (s. p. 150)

3. ERC facilitates precise visualization of the bile ducts
� this is also possible by means of PTC in cases of
sonographically determined dilation of the bile ducts
with suspected biliary obstruction. PTC is likewise indi-
cated if ultrasound examination fails to produce evi-
dence of enlarged bile ducts and/or ERC has proved
inconclusive even though clinical and laboratory exam-
inations suggest biliary obstruction. (s. pp 183, 184)

7 Therapy

Jaundice is a symptom. For this reason, there can be no
standardized therapeutic concept for its treatment. Ther-
apy is solely directed at the underlying primary cause, pro-
vided that symptom-related and curative therapeutic op-
tions are at hand.

Causal therapy: Only those forms of obstructive jaundice
related to benign causes are open to causal treatment in
the form of endoscopy (e. g. sphincterotomy) or surgery.
Operative procedures and interventional endoscopy have
significantly broadened the scope of therapy for mech-
anical jaundice, such as (1.) application of a stent, (2.)
transhepatic biliary drainage, (3.) recanalization of stric-
tures or stenoses, (4.) extraction of concrement left be-
hind intraoperatively, and (5.) radiotherapy of tumour
obstruction. (9, 19) • Jaundice resulting from bacterial
infection of the bile ducts calls for the systemic and/or
topical application of suitable antibiotics. (14, 18) •
Cholagogue agents, which are plant extracts, have be-
come popular as supplementary therapy for stimulating
bile flow, even in long-term treatment. (see chapter 32)

Functional hyperbilirubinaemias: These forms of jaun-
dice do not require therapy. It is of primary importance
to provide the patient with detailed and convincing in-
formation regarding the harmless nature of these forms
of jaundice. • Should short-term therapy be indicated
in specific cases, this can be successfully effected with
phenobarbital (60�180 mg/day). Long-term adminis-
tration is not advisable. Both cholestyramine and chole-
stipol or naltrexone can be used in the treatment of pru-
ritus. (s. page 241!) • In Crigler-Najjar type II, it may
prove effective to administer phenobarbital (60�180
mg/day in 3 or 4 single doses together with calcium
phosphate), phenazone or phenytoin. With the chole-
static forms, ursodeoxycholic acid and S-adenosyl-L-
methionine can be applied. • No therapeutic method is
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as yet available for the treatment of Crigler-Najjar type
I. Phenobarbital is ineffective in this respect. In severe
cases, exchange blood transfusions or plasmapheresis as
well as phototherapy (13) and possibly even liver trans-
plantation are indicated.
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13 Cholestasis

1 Definition

Cholestasis is defined as a disorder of cholepoiesis
and bile secretion as well as a mechanical or func-
tional stoppage of the bile flow in intrahepatic or
extrahepatic bile ducts � with bile components pass-
ing into the blood. • Cholestasis can occur both with
and without jaundice.

Morphology: The morphologist uses the term cholestasis
to describe the presence of bile in the hepatocytes as well
as in hypertrophic Kupffer cells (� cellular bilirubino-
stasis), particularly in the form of inspissated bile droplets
and copper within the more or less dilated canaliculi (�
canalicular bilirubinostasis). • In extrahepatic cholestasis,
bile is additionally found within the likewise mostly di-
lated interlobular bile ducts (� ductular bilirubinostasis)
as well as in the parenchyma in the form of “bile infarcts”
or “bile lakes”.

Pathophysiology: The biochemist defines cholestasis as
a decrease in the secretion of bile as well as a reduction
in the proportion of water, together with a respective
effect on the substances dissolved in it.

Clinical aspects: The clinician diagnoses cholestasis by
the increase in bile acids, special enzymatic markers and
cholesterol in the serum.

� The principal biochemical symptom of cholestasis is
the rise in bile acids in serum (as well as changes in its
spectrum) in combination with an increase in enzymatic
markers of cholestasis (AP, LAP, γ-GT, 5�-nucleo-
tidase). Cholestasis is directly related to the metabolism
of bile acids. • In clinical terms, the subsequent rise in
activity of enzymatic markers of cholestasis may be
attributed to cholestasis, yet these enzymes are not
necessarily specific to this condition. (s. p. 89)

� Dysfunction in the metabolism of bile acids (� chole-
stasis) is often combined with an additional dysfunction
in bilirubin metabolism (� jaundice). The rise in biliru-
bin is the main biochemical and clinical symptom of
jaundice; it is based on a disorder of bilirubin metab-
olism. Thus cholestasis is related not directly but in-
directly to jaundice. • Depending on the constellation of
the biochemical and clinical findings, the term “jaundice
with cholestasis” or “cholestasis with jaundice” can be
applied. (s. tabs. 12.1, 12.2, 12.4; 13.1) • The main clin-
ical sign of advanced cholestasis is pruritus.

Various hepatobiliary diseases remain unchanged as
either cholestasis or jaundice. • Often, however, a com-
bination of both disorders is present from the very be-
ginning or appears during the course of disease.
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2 Pathogenesis

The liver cell is a polar unit. • The resorptive processes
take place at the sinusoidal and lateral membrane, the
secretory processes on the surface of the canaliculi. The
cytoskeleton (microfilaments, microtubules, intracellu-
lar membranes) maintains the polar orientation of the
hepatocyte. (24, 33, 42, 44, 71, 80) (s. fig. 13.1)
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Fig. 13.1: The hepatocyte as a polar unit. • Major hepatocellular
transport systems: CM � canalicular membrane, BM � basolateral
membrane, TJ � tight junctions, BS� � bile salts, OA� � organic
anions, OC� � organic cations, GSH � reduced glutathione, AE2 �
ATP-dependent anion exchange (Cl/HCO3

�; GSH), BST � ATP-
dependent bile acid transporter, NTCP � sinusoidal Na�-depend-
ent taurocholate cotransporting protein, OATP1 � sinusoidal Na�-
independent organic anion (and cation) transporter protein,
BSEP � bile salt export pump for monovalent bile salts, MRP2 �
canalicular multispecific organic anion transporter (� MOAT),
MDR1 � ATP-dependent organic cation transporter, MDR2 �
ATP-dependent phospholipid transporter (� flippase), MRP1 �
sinusoidal multidrug resistance-associated protein

2.1 Obstructive cholestasis

Obstructive cholestasis � initially often without jaun-
dice, thereafter generally with jaundice � is caused by a
mechanical impediment of the bile flow. Because of this,
the bile flow is reduced and biliary stasis is generated,
which, depending on the localization of the impediment,
subsequently affects the bile ducts of (1.) the entire liver
or (2.) only certain subzones of the liver.

Even in cases of a total obstruction with jaundice, there is no total
stoppage of bile secretion due to the residual function of the hepa-
tocytes. What happens, in fact, is that a certain form of circulation
of intrahepatic bile acids is maintained by way of resorption pro-
cesses taking place in the bile capillaries and mechanisms of regur-
gitation occurring at the tight junctions. This circulation of bile
acids mainly runs via the periportal sections of the hepatic lobules,
so that biliary thrombi are only rarely detectable here � even in
cases of prolonged cholestasis. • In obstructive cholestasis, with
its secondary repercussions on bile capillaries and hepatic cells,
including morphological changes, it is probable that functional dis-
orders in the polarity of the hepatocytes will ultimately appear.



Cholestasis

2.2 Non-obstructive cholestasis

Pathogenetically, non-obstructive cholestasis is a multi-
factorial process. • The factors that cause intrahepatic
cholestasis lead to biochemical dysfunctions and/or
damage to subcellular structures, with changes in the
metabolism of bile acids.

(1.) Various substances (taurolithocholate, ethinyl oestradiol,
drugs, toxins) cause increased retention of cholesterol in cellular
membranes. As a result, the permeability of hepatocellular mem-
branes, including the tight junctions, is decreased. Hypothermia
and hypoxia also disturb membrane fluidity. The osmotic pressure
gradient, necessary for biliary secretion, is no longer maintained
because of decreased membrane permeability.

(2.) Considerable dysfunction of membrane lipids is caused by a
change in the double-bonding of their unsaturated fatty acids due
to lipid peroxidation. More pronounced lipid peroxidations are
found particularly in alcohol-induced liver damage � often ac-
companied by cholestasis.

(3.) Na�/K�-ATPase localized in the sinusoidal and lateral hepa-
tocyte membrane is inhibited by cholestasis factors (chlorpro-
mazine, oestrogens, atypical bile acids, protoporphyrin, etc.) as
well as by a change in the viscosity and fluidity of the membrane.
Na�/K�-ATPase activity works like a metabolic pump and sup-
plies the energy needed for the cellular uptake of bile acids (along
with bicarbonate and chloride).

(4.) Mg2�-ATPase activity can likewise be inhibited in the cana-
licular side of the membrane by cholestatic factors (in particular
bile acids). This metabolic pump transports bicarbonate and chlor-
ide into the canaliculi and is probably closely associated with the
function of the microfilaments.

(5.) Transmembranous transport of biliary acids requires the func-
tional competence of the carrier proteins in the sinusoidal and
canalicular membrane. Cholestatic factors may also appear. Fur-
thermore, it is possible for various substances, above all medic-
aments, to effect competitive inhibition of the carrier proteins in
the sinusoidal wall as a result of the low substrate specificity of
these proteins.

(6.) Intracellular transport of bile acids mainly takes place through
the cytoskeleton and intracellular structures (Golgi apparatus,
endoplasmic reticulum). Here, too, cholestatic factors can prove to
be damaging. Microfilaments are contractile elements: not only is
the intracellular transport of the bile acids disturbed, but the peri-
staltic activity of the canaliculi (so-called paralytic cholestasis
within the lobules) is also reduced if the functional capacity of
those microfilaments becomes diminished.

(7.) Shifting of the calcium gradient between the intracellular and
extracellular space (normally 1 : 10,000) results in significant meta-
bolic dysfunctions as well as cholestasis, especially in alcohol-in-
duced liver damage.

(8.) Inhibition of the neosynthesis of bile acids from cholesterol
leads to a decrease in the bile acid pool.

(9.) Monohydroxy bile acids (such as lithocholic acid produced in
the intestine) are deemed to be cholestatic factors. They can, how-
ever, also be generated in the liver as a result of damage to the
smooth endoplasmic reticulum, with a decrease in activity of
cytochrome P 450-dependent 7α-hydroxylase: in cases of chole-
stasis, 3β-hydroxy-5δ-cholic acid is formed from cholesterol and
converted into lithocholic acid and allo-lithocholic acid (so-called
foetal metabolic pathway of bile acids). (10)

(10.) Intracellular accumulation of bile acids continues to maintain
the state of cholestasis. Bile acids are detergents that cause damage
to biomembranes.
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Endotoxins generated in the body are broken down in
the RES. Given inadequate clearance (e. g. in chole-
stasis) or when they are formed to excess, the state of
cholestasis is reinforced. Endotoxins also lead to inflam-
matory reactions in the liver and are possibly the cause
of complications in cases of prolonged cholestasis. (51)

The mechanisms of disorder leading to cholestasis
are based on many different aetiopathological
factors. One single cause of cholestasis generally dis-
turbs several subprocesses in the metabolism of bile
acids, which in turn may trigger additional chole-
static mechanisms. Such disorders result in damage
to cellular and biliary structures, leading to further
dysfunctions and reinforcing cholestasis. Thus patho-
genic mechanisms, acting in a synergy of addition or
potentiation, set up a vicious circle culminating in a
cholestatic condition. (15, 18, 22, 33, 44, 71, 80)

3 Morphological changes

In the development of morphological damage to hepa-
tocytes and bile capillaries, lipid peroxidations as well as
the formation of leukotrienes (C4, D4, E4) play a key
role, with prostaglandin E2 having a reinforcing effect.

� After only a few days, cholestasis causes potentially
reversible ultrastructural changes:
� hydropic swelling of periportal hepatocytes,
� reinforced granulation of the cytoplasm,
� formation of Mallory’s bodies,
� change in the mitochondria, formation of giant mitochondria,
� hypertrophy and subsequent reduction as well as loss of the

Golgi apparatus at the canalicular pole,
� hypertrophy of the pericanalicular filaments,
� hypertrophy of the SER and RER with subsequent reduction,
� apoptosis due to bile acids.

� As the disease advances, histological changes in chole-
stasis can be detected by light microscopy:
� dilation of the bile capillaries due to stasis, or loss of

tone in the pericanalicular microfilaments,
� flattening and ultimate loss of the microvilli at the

canalicular membrane,
� formation of bile thrombi in the bile capillaries (�

cholate stasis),
� damage to cell membranes leading to greater per-

meability,
� leakage at the tight junctions with subsequent para-

cellular regurgitation of bile into the blood,
� centroacinar, perivenular cholestasis with traces of

bilirubin, and often copper, in hepatocytes and di-
lated canaliculi (� bilirubinostasis),

� formation of secondary bile capillaries, which are
surrounded by more than three hepatocytes (� liver
cell rosette) (48) � this represents reversion to pre-
vious phylogenetic stages,
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� uptake of biliary precipitates and components into
the ductular epithelia,

� proliferation of the ductules in the portal tracts; peri-
ductal oedema,

� periportal and mesenchymal inflammatory reactions,
� widening of the portal tracts due to an increase in

collagenous connective tissue; periductular sclerosis,
� hepatocytes with foamy pale cytoplasm (� feathery

degeneration), (s. p. 238) (s. fig. 13.4)
� isolated necroses of hepatocytes (� network necrosis),
� extensive focal necroses of hepatocytes with the cen-

tral part of each displaying a marked accumulation
of bilirubin due to the fact that bilirubin has a
stronger affinity for necrotic tissue (� bile infarcts),

� formation of bile extravasates in the parenchyma
(� bile lakes),

� development of microabscesses,
� cell death with cellular condensation and cell shrink-

age (� apoptosis), (18)
� development of lipid-laden macrophages (� xan-

thoma cells). (s. fig. 13.2)

Fig. 13.2: Chronic cholestasis with granuloma-like accumulation
of lipid-laden macrophages (xanthoma cells) (HE)

Persistent cholestasis with concomitant inflammatory
and connective tissue reactions leads to irreversible
cholestasis and, after months/years, to biliary fibrosis
with preserved liver structure or to (primary or second-
ary) biliary cirrhosis. (15, 18, 23, 55, 64, 70)

4 Forms of cholestasis

In classifying cholestasis, the cause, localization and
duration of the disease as well as the involvement of
bilirubin metabolism must be considered. Laboratory
parameters of liver cell damage (increased activity of
GPT, GOT and GDH) may be attributed to the under-
lying liver disease, but can also appear subsequently
during the course of cholestasis-related hepatocellular
damage. (s. tab. 13.1)

Concurrent jaundice is either due to an additional dis-
order of bilirubin metabolism or to mechanical biliary
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stasis (� if more than two-thirds of the efferent bile
ducts are obstructed). During the course of its develop-
ment, cholestasis may also lead to dysfunction and/or
morphological damage, with subsequent jaundice.

I.
1. Acute cholestasis
2. Chronic cholestasis

II.
1. Anicteric cholestasis
2. Icteric cholestasis

III.
1. Without liver cell damage
2. With liver cell damage

IV.
1. Functional 2. Mechanical

� Intrahepatic � Intrahepatic obstructive
� congenital � incomplete
� acquired � Extrahepatic obstructive

� incomplete
� complete

Tab. 13.1: Forms of cholestasis

5 Causes of cholestasis

There are many causes of cholestasis � with or without
jaundice � which is why this condition proves to be an
ambiguous symptom in terms of differential diagnosis.

5.1 Extrahepatic obstructive cholestasis

The bile flow is interrupted in its passage from the porta
hepatis to the duodenum as a result of (1.) intraluminal
obstruction, (2.) obliterating disease of the biliary duct
walls, or (3.) compression of the extrahepatic efferent
bile ducts. This form of cholestasis can be sudden in
onset or progress slowly, may be transient or persistent,
and occurs either as incomplete or complete obstruction
with jaundice. (s. tab. 13.2) (s. figs. 8.12, 8.13; 25.8)

5.2 Intrahepatic obstructive cholestasis

This form of cholestasis is derived from a temporary
or permanent obstruction of the intrahepatic bile ducts.
Diffuse processes of disease can act as mechanical obs-
tacles in the hepatic parenchyma, or major bile ducts
may be subject to regional obstruction. (s. tab. 13.3)

5.3 Intrahepatic cholestasis

Non-obstructive, function-related intrahepatic cholesta-
sis has numerous causes, primarily disturbing the metab-
olism of bile acids at various sites of action. (s. tab. 13.4)
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Obstruction in the area of the papilla of Vater

� inflammation � adenomatosis
� choledocholithiasis � choledochal cyst
� neoplasia � parasites
� scars � heterotopic gastric mucosa
� duodenal diverticulum etc.

Obstruction in the area of the bile ducts

� choledocholithiasis � duodenal diverticulum
� neoplasia � papillomatosis
� postoperative strictures � haemobilia
� cicatricial distortions � actinomycosis
� pancreatic cyst, pancreatitis � parasites
� pancreatic carcinoma � bile-duct atresia
� gall-bladder carcinoma � Mirizzi syndrome
� choledochal cyst etc.

Tab. 13.2: Causes of extrahepatic obstructive cholestasis (with or
without initial jaundice; however, consecutive jaundice may de-
velop later)

Focal changes of the liver
� adenomas � Hodgkin’s disease (31)
� haemangiomas � parasites
� cysts � hepatolithiasis
� tumours � Caroli’s syndrome
� abscesses � congenital liver fibrosis
Disseminated changes of the liver
� sarcoidosis (62)
� tuberculosis
� other types of granulomatosis
� mucoviscidosis
Infiltrative changes of the liver
� leukaemia
� amyloidosis (4, 59, 61, 79)
� primary storage diseases
� fatty liver
Inflammatory proliferation of bile ducts
� primary biliary cholangitis
� primary sclerosing cholangitis
� bacterial cholangitis
� autoimmune cholangitis
� cholangiofibromatosis (35)
Other partially unclarified causes
� haemobilia
� graft-versus-host disease

(following bone-marrow transplantation)
� chronic rejection reaction

(following liver transplantation)
� syndromatic bile-duct hypoplasia

(Alagille’s syndrome) (see also tab. 13.4)
� non-syndromatic bile-duct hypoplasia

(Zellweger’s syndrome) (see also tab. 13.4)

Tab. 13.3: Causes of intrahepatic obstructive cholestasis (with
some references)

However, it is not always clear with regard to the respect-
ive cause how the pathogenic mechanism triggers chole-
stasis. It cannot be adequately explained why one particu-
lar cause acts as a cholestatic factor in the individual case
or why the same factor possibly has no effect at all. It
would appear that genetic disposition is of decisive im-
portance. Influences of everyday life (xenobiotics, drugs,
alcohol, etc.), differing performances of biotransforma-
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Acquired causes
Alcohol Medicaments (s. tabs. 13.5; 29.10)
Autoimmune hepatitis Mycotoxins
Bacterial infections Paraneoplastic syndrome
Budd-Chiari syndrome Parasitic infections
Chemicals Parenteral nutrition
Chronic hepatitis Postoperative cholestasis
Cirrhosis Primary biliary cholangitis
Endotoxins Primary sclerosing cholangitis
Fatty liver Protoporphyria
Giant-cell hepatitis Right ventricular failure
Heat-stroke Sepsis
Hyperthyroidism Virus infections (A�E, CM, EBV)
Ischaemia Zieve’s syndrome, etc.

Genetic (congenital) determination
� Primary storage diseases (see chapter 31)

� Wilson’s disease, haemochromatosis, galactosaemia,
glycogenosis type IV, α1-antitrypsin deficiency, tyrosin-
aemia, idiopathic neonatal hepatitis, Niemann-Pick
disease, Gaucher’s disease, fructose intolerance, defect-
ive urea cycle, etc.

� Benign recurrent intrahepatic cholestasis (BRIC)
� Aagenaes type

� Progressive familial intrahepatic cholestasis (PFIC)
� Byler’s syndrome

� Recurrent intrahepatic cholestasis of pregnancy
� infantile Refsum’s syndrome

� Alagille’s syndrome (see chapter 32.7)
� Disorders of bile acid biosynthesis

� disorders of side-chain catabolism
� Zellweger’s syndrome
� (dihydroxycoprostanic acid) (DHCA)
� (trihydroxycoprostanic acid) (THCA)

� disorders at the steroid ring
� defect of 7α-hydroxylase
� defect of 3β-hydroxy-δ5-dehydrogenase/isomerase
� defect of 3-oxo-δ4-steroid-5β-reductase

Tab. 13.4: Causes of non-obstructive intrahepatic cholestasis (with
or without concurrent jaundice)

tion or coexistent diseases possibly all play their part in
whether an individual cause has a cholestatic effect or
not. The primary form of intrahepatic cholestasis occurs
without any prior disease of the liver, whereas with the
secondary form, there is evidence of a previous or coexis-
tent liver condition. (19, 45�47, 51, 70, 71)

Alcohol-induced cholestasis: Alcohol is the most fre-
quent cause of cholestasis. Concomitant jaundice is
found in relatively few cases and is generally a sign of a
severe course of disease. (52) (s. figs. 28.15, 28.16)

Drug-induced cholestasis: Many drugs can cause chole-
stasis (so-called cholestasis type). (s. tab. 13.5) It can be
extremely difficult to pinpoint which drug has led to the
condition. Interestingly, some homeopathic remedies,
such as Chelidonium majus, may also cause cholestasis.
Simultaneous uptake of other hepatocellular irritants
can trigger or produce cholestasis. Concomitant jaun-
dice is not usually present at first, but may develop at a
later stage of disease. Many drugs cause cholestatic
hepatitis per se or in conjunction with others. (s. tab.
29.6) As a rule, cholestasis regresses gradually after dis-
continuation of the drug or elimination of further irri-
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tants. It should, however, be noted that cholestasis is
sometimes only diagnosed when a drug has been discon-
tinued; with some other drugs (e. g. amoxicillin-clavu-
lanic acid, ticlopidine), the condition may even progress
until the bile ducts have completely disappeared (� van-
ishing bile-duct syndrome). (12) (s. pp 662, 665)

ACE inhibitors Haloperidol
Amoxicillin-clavulanic acid Imipramine
Atenolol Ketoconazole
Azathioprine Methyltestosterone
β-blockers Nitrofurantoin
Benzodiazepines Oestrogens
Busulphan Penicillamine
Chlorothiazide Phenylbutazone
Chlorpromazine Phenytoin
Chlorpropamide Phytotherapeutics
Clofibrate Prochloperazine
Cyclosporin A Propafenone
Danazol Provastatine
Dicloxacillin Sulfonamides
Disopyramide Tamoxifen
Erythromycin Thiabendazole
Ethambutol Thiamazol
Floxuridine Ticlopidine
Flurazepam Tolazamide
Furosemide Tolbutamide
Gold salts Trimethoprin-sulphamethoxazole
Griseofulvin Valproic acid
H2-blockers Warfarin, etc.

Tab. 13.5: Drugs known to cause cholestasis/cholestatic hepatitis
(s. figs. 29.3, 29.4) (s. tab. 29.10)

Virus infections: Acute viral hepatitis (HAV, HEV, HCV)
is accompanied by cholestasis in 5�20 % of cases. (63)
The frequency differs from country to country. It is
most prevalent in those with a severe form of the dis-
ease, elderly people and women. • Cholestasis is also
common in viral infections with concomitant hepatitis,
especially due to CMV, Coxsackie virus, rubella virus,
HSV (types I, II, IV), HIV, REO virus (type III), parvo-
virus (type B 19), and ECHO virus (types 9, 11, 14, 19).

Perinatal asphyxia: In 8�10% of asphyxiated newborns,
transient cholestasis was found. The actual condition
was related to the severity of neonatal stress. (23)

There are many other causes of intrahepatic cholestasis
that make differential diagnosis considerably more com-
plex. (s. tab. 13.4)

5.4 Genetically determined cholestasis

In various forms of genetically determined cholestasis,
jaundice can be the most obvious primary clinical symp-
tom leading to the clinical classification of functional
hyperbilirubinaemia. • However, in most cases, pro-
nounced cholestasis is the principal feature of the clin-
ical picture in the diseases explained below. Many pri-
mary storage diseases, especially childhood cholestasis,
can only be identified through careful differential diag-
nosis. Genetically determined intrahepatic cholestasis
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can be divided into three categories: (1.) bile duct defects
(syndromatic or non-syndromatic), (2.) primary storage
diseases, and (3.) familial intrahepatic cholestasis.

5.4.1 Primary storage diseases

When cholestasis is observed in children or young
adults, a differential diagnosis is necessary to detect the
possible presence of a primary storage disease. (s. tab.
13.4) Such diseases include α1-antitrypsin deficiency,
fructose intolerance, galactosaemia, Gaucher’s disease,
type IV glycogenosis, haemochromatosis, urea cycle de-
ficiencies, Niemann-Pick disease, thyrosinaemia, and
Wilson’s disease. In genetically determined cholestasis,
laboratory evidence of cholestasis is ultimately a sec-
ondary symptom, since primary storage diseases usually
have their own specific phenotypical markers, which
makes differential diagnosis easier. • Evidence of chole-
stasis, with or without increased transaminases, should al-
ways be taken as a hint of a primary storage disease.

5.4.2 Recurrent intrahepatic cholestasis in pregnancy

Since the first description of this condition was given by A.
Svanborg (1954), observations regarding both non-recurrent
forms (W. C. Nixon et al., 1947) and recurrent forms (G. Lundgren,
1956) have been summarized under this collective term. • Never-
theless, jaundice does not necessarily develop as a symptom,
which is why anicteric courses of the disease can also be assigned
to the “cholestasis” group.

The disease is subject to recessive autosomal trans-
mission. Given a genetic disposition (a defect in phos-
phatidylcholine transport (?) located on chromosome
7 q 21), a concurrent sensitivity to oestrogen, or inhibi-
tion of bile acid transport due to an increase in oes-
trogen/progesterone metabolites, the frequency is 1:2,000
bis 8,000. There is no preference for any particular age
group. The frequency is influenced by geographic, ethnic
and seasonal factors. The relapse quota is 40�60%.

As a clinical symptom, severe itching (initially on the
palms and soles of the feet and then all over the body),
which can be intolerable at night, occurs during the 2nd

or 3rd trimester. This results in pronounced sanguineous
scratch marks (s. p. 235) • About 2 weeks after the onset
of pruritus, jaundice (2�6 mg/dl) is evident in 50�70% of
patients. There is conjugated hyperbilirubinaemia with
bilirubinuria and urobilinogenuria in 60�80% of cases.
Laboratory biochemistry reveals an elevation of bile acids
in the serum which is 10 to 30(�100) times the standard
level. Primary bile acids are usually displaced in favour of
secondary forms and trihydroxylated bile acids in favour
of dihydroxylated forms. AP (including placental AP) in-
creases 6 to 10 times, and LAP is likewise drastically ele-
vated. Surprisingly, γ-GT is normal to subnormal, which
can probably be attributed to the impact of oestrogen, es-
pecially in those pregnant women who are sensitive to this
hormone. (s. p. 98) The transaminases are only moder-
ately increased, GDH is almost always normal. There is a
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marked rise in cholesterol and neutral fats. Quick’s value
is diminished owing to disorders in the absorption of vita-
min K. HLA A1 and B8 as well as BW 16 are frequently
detected. Steatorrhoea is often seen. Cholelithiasis is
common in these women. • Occurrence of this syndrome
is indicative of a high-risk pregnancy. In about 20% of
cases, delivery is premature and/or the newborn is small
for date; in 5�10 % of cases, perinatal mortality can be
expected. Fetal malformations are not to be feared. There
is no danger to the mother, which is why there are no
grounds for a termination of the pregnancy from this
point of view. Induction of labour should, however, be
considered from the 37th week onwards. (14, 43, 54, 58, 71)

Histologically, cholestasis is moderate, focal and irregu-
lar, and the biliary capillaries are dilated, displaying bili-
ary thrombi. Bile pigments may be detectable in the liver
cells. Cell necroses and signs of inflammation are absent.

Therapy involves the use of cholestyramine (3 x 4 g/day)
or cholestipol (3 x 5 g/day) to alleviate and eliminate the
intense itching, which is generally intolerable. Epomediol
has also proved effective. Good results can be achieved
with ursodeoxycholic acid (10�15 mg/kg BW/day); it
was reported that high doses of UDCA (1.5�2.0 g/day)
were most efficacious. There have been no reports of
negative effects after application in human beings.
Treatment with S-adenosyl-L-methionine is also worth
considering. Administration of medium-chain fatty acids
and fat-soluble vitamins, in particular vitamin K, is also
recommended. The prognosis is good. After delivery,
the clinical picture recedes without additional conse-
quences. Relapses can be expected in further preg-
nancies and after administration of oestrogen. (54)

5.4.3 Benign recurrent intrahepatic cholestasis

� This benign course of disease was described by
W.H.J. Summerskill et al. (1959) (67) and N. Tygstrup

(1960). (72) Since then, this form has been known as
the Summerskill-Tygstrup type.

Benign recurrent intrahepatic cholestasis (BRIC) is sub-
ject to recessive autosomal transmission. The genetic de-
fect is located on chromosome 18q21 � q22, as in Byler’s
disease (PFIC 1). Up to now, publications have focused
on about 100 cases. It manifests at any age, but not be-
fore the 6th�9th month of life. Even after many years
without symptoms, it may be triggered by infections,
toxins, allergens or other chemical substances. It begins
usually with nausea, loss of appetite, abdominal pains
and pruritus, followed about 1 or 2 weeks later by jaun-
dice with intermittent bilirubin values of 5�50 mg/dl.
Mainly conjugated bilirubin is detectable (60�80%), co-
valently bound to albumin. The jaundice lasts for about
2 or 3 months. On occasions, (inexplicable) coughing
was observed as well as gingivitis following bilirubin
decrease. Extreme tiredness is usually experienced. (34)
During the icteric phase, the urine shows increased con-
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centrations of bilirubin and urobilinogen as well as por-
phyrinuria, whereas stools are (largely) acholic and as
such decolourized. In most cases, steatorrhoea is in evi-
dence. Laboratory values reveal an elevation of bile
acids (particularly the hepatoprotective cholic acid), AP
and LAP. The transaminases are normal or moderately
elevated; γ-GT shows more or less regular levels (oestro-
gen effect?). Quick’s value can be lower as a result of
steatorrhoea. Hepatomegaly is frequently detectable;
splenomegaly is only rarely observed. Laboratory
parameters may periodically improve or even normalize.
The prognosis is good. Cholelithiasis is, however, fre-
quently present. • Histologically, intracanalicular biliary
thrombi (which are capable of regression) as well as
periportal round-cell infiltrations are evident.

Bile pigment can be detected in the hepatocytes and
Kupffer cells. Focal necroses are rare. Histology is nor-
mal during the disease-free period. A fine fibrosis may
develop in cases of prolonged illness. (8, 11, 26, 28, 39, 49,
55, 56, 66�68, 72, 73, 75)

Treatment of icteric episodes with phenobarbital (3 x
20�60 mg/day) together with phototherapy (430�470
nm, 8�12 hr/day) and/or plasmapheresis is indicated. •
Cholestyramine (3 x 4 g/day) or cholestipol (3 x 5 g/day)
may be used to treat pruritus. Other recommended ef-
fective antipruritics are naloxone (2�3 x 0.4 mg/day, i.v.)
or naltrexone (2�4 x 25�50 mg/day), which act as opi-
oidergic neurotransmitters. (69) It is also possible to use
the 5-HT3 antagonist ondansetron (3 x 4.8 mg/day, i.v.
or orally). (64) Refractory cholestasis pruritus has re-
cently been treated successfully with dronabinol (50) and
also with sertraline. • Administration of ursodeoxycholic
acid (22, 53), medium-chain fatty acids, PUFA (65) and
fat-soluble vitamins (especially vitamin K) is recom-
mended. (s. pp 6, 47) (s. tab. 13.11)

Aagenaes type

This rare form, which is inherited via a recessive autoso-
mal route, was described in 1968 as a variant of BRIC.
(1, 2) The genetic defect is located on chromosome 15 q.
A specific feature of this disease in neonates is giant-cell
hepatitis with cholestasis. (s. p. 417) From about the 6th

year of life until puberty, pathogenetic hypoplasia or
ectasia of the lymphatic vessels with oedema are found
in the lower extremities. It is not clear whether (sus-
pected) congenital hyperplasia of lymphatic vessels in
the liver is the prime cause of cholestasis. Pronounced
fibrosis is often in evidence, whereas cirrhosis only oc-
curs rarely.

5.4.4 Progressive familial intrahepatic cholestasis

Progressive familial intrahepatic cholestasis (PFIC) was
described by R.C. Juberg et al. (1966) (30) and R.J. Clayton

et al. (1969) (9). This rare clinical picture was previously
known as Byler’s disease or Juberg-Clayton type. It com-
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prises a heterogeneous group of patients with chronic
non-recurrent cholestasis and is inherited via an autoso-
mal recessive route. The disease was originally named
after Jacob and Nancy Byler because it was first found
in members of this Amish family.

The pathogenesis arises from deficiency of one or more
genes that encode essential proteins required for bile
secretion. This results in a bile secretion disorder and
impaired bile flow. The key transport proteins have since
been discovered, so that it is now possible to differentiate
between four PFIC syndromes. (3, 11, 13, 27, 71, 74, 76)

Byler’s disease: In this disorder, which is also known as
PFIC 1, the genetic mutations are positioned on chro-
mosome 18q21�22. The PFIC 1 defect can be found on
the canalicular membrane of the hepatocytes and apical
membrane of cholangiocytes. (17) As a result, amino-
phospholipid transport is impaired. This gene mutation
also occurs in other epithelial body tissue, which ex-
plains the multisystem manifestation of this disorder. •
The disease usually has its onset around the end of the
first year of life and is characterized by pruritus and
hepatomegaly as well as elevated bile acids in the serum.
Gamma GT values are normal or reduced. Jaundice epi-
sodes of varying intensity together with cholestasis lead
to severe malabsorption and developmental disorders.
Chronic bronchitis is common in childhood. Byler’s dis-
ease is generally fatal after 3-20 years. Liver cirrhosis
with consequential hepatocellular carcinoma frequently
develops in these patients. (9, 16, 17, 37)

Byler’s syndrome: Mutations of genes PFIC 2�4 are as-
sociated with this syndrome and inherited via an auto-
somal recessive route. All these forms are characterized
by non-recurrent cholestasis.

PFIC 2: This gene mutation, which is located on chro-
mosome 2q24, impairs the canalicular bile salt export
pump (BSEP), resulting in the accumulation of bile
acids in hepatocytes. Laboratory tests show an increase
in bile acid, AP and LAP levels with lowered gamma
GT and cholesterol levels. Pruritus is common. There
is histological evidence of neonatal giant cell hepatitis.
Prognosis is poor.

PFIC 3: The gene mutation is located on chromosome
7q21. This produces an MDR-3 protein deficiency, re-
sulting in anomalous secretion of phospholipids, which
leaves the bile ducts unprotected against bile acids. AP,
LAP and gamma GT levels are elevated and bile acid
and cholesterol concentrations increase; LP-X can be
detected. Pruritus and hepatomegaly also occur. Clin-
ical symptoms appear later in life than is the case with
forms 1 and 2. Histology reveals ductal proliferation
with inflamed portal and periportal infiltrates, resem-
bling primary sclerosing cholangitis.

PFIC 4: This syndrome is caused by a genetically deter-
mined 3β-hydroxy-C27-steroid dehydrogenase deficiency,
resulting in disturbed bile acid metabolism. There is no
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pruritus; bile acids and gamma GT levels are reduced,
and the concentration of conjugated bilirubin increases.
• In the PFIC 4 syndrome, the combined application of
cholic, chenodeoxycholic and ursodeoxycholic acid
leads to good results. (77)

The treatment for these disorders is limited. Antipruritic
agents and UDCA are indicated for itching. Good diet-
ary management lowers the risk of malnutrition. Bi-
phosphonates and calcium can have a positive effect on
bone density. As yet, there is no medical treatment avail-
able for the often annoying chronic fatigue syndrome. •
Liver transplantation may ultimately be indicated.

5.4.5 Zellweger’s syndrome

This syndrome was first described as cerebrohepatorenal
syndrome by P. Bowen et al. in 1964. It was named after H.
Zellweger, a coauthor of the publication, who had ob-
served two infants with such complex malformations. (6)
The syndrome is an autosomal recessive genetic absence
of peroxisomes in the liver and kidneys caused by mRNA
mutation of peroxisome assembly factor 1. This impairs
bile acid synthesis in the side chain and compromises β-
oxidation of long-chain fatty acids. The peroxisome en-
zymes are not fully synthesized on free polysomes and
thus unable to enter the peroxisomes. The absence of per-
oxisomes and the enzyme deficiency usually result in con-
genital abnormalities. • Biochemical examination reveals
an accumulation of long-chain fatty acids in plasma,
brain and fibroblasts, a reduction in tissue plasmalogens,
hyperpipecolic acidosis, and dicarboxylic aciduria. Bile
acid synthesis remains at the C27-bile acid stage. This is
usually followed by damage to the mitochondria, which
appear strikingly small and dense. • Clinical examination
shows multiple abnormalities of the skull, face, brain and
nervous system with areflexia and hypotonia; polycystic
kidneys with renal insufficiency and hepatomegaly are
also found. Laboratory findings include hypothrombin-
aemia, cholestasis, jaundice and hypersiderinaemia (with
iron deposits in liver, brain and kidneys). Liver fibrosis or
cirrhosis and enlarged bile ducts develop rapidly. • Al-
though treatment using clofibrate has not been effective,
improvements were observed after administration of cho-
lic acid and chenodeoxycholic acid. However, prognosis
is still poor and infants generally die after a few months.
(36, 41) (s. tab. 13.4)

5.4.6 Infantile Refsum’s syndrome

This rare condition was first discovered in 1937, but not
reported until 1945 by S. Refsum, who termed it heredo-
ataxia hemeralopia polyneuritiformis. (57) Refsum’s syn-
drome is caused by an autosomal recessive genetic de-
fect in several peroxismal enzymes. It is primarily due
to a phytanic acid-α-hydroxilase deficiency. This causes
an increase in phytanic acid levels in the serum, with
subsequent deposition of the substance in liver, brain,
kidney and skin tissues. • Clinical examination reveals
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neonatal cholestasis with jaundice and hepatomegaly.
Pigmentary retinopathy, peripheral polyneuritis and
ataxia also occur (21). (s. tab. 13.4)

6 Diagnosis
6.1 Anamnesis

Careful anamnesis (with meticulous precision and de-
tailed detective work) allows important information to
be gathered for the distinction between intrahepatic and
extrahepatic cholestasis. Questions about medication
and hormone intake, chemicals (occupation, hobbies,
house and garden), alcohol, teas (containing alkaloids),
cosmetics, etc. as well as about fever, arthralgia, pruritus
and discolouration of the stools or urine are mandatory
in this context. (s. tab. 12.5) (s. p. 76)

6.2 Clinical findings
6.2.1 Fatigue

In chronic cholestasis, pronounced fatigue occurs in
65�68% of patients with PBC, which is the same fre-
quency as in PSC and drug-induced cholestasis. In ap-
proximately half of these patients, fatigue is regarded as
the most unpleasant symptom. However, fatigue has no
correlation with the degree of cholestasis, liver histology
or age. (71) Four possibilities are discussed with respect
to pathogenesis: (1.) alteration of the hypothalamus-
pituitary-adrenal axes, (2.) altered serotoninergic neuro-
transmission, (3.) an increase in interleukin 1 (IL 1),
and (4.) decreased hypothalamic nitric oxide formation.
Fatigue is a frequent symptom in chronic hepatitis C,
especially in women, in whom a surprising correlation
with increased plasma leptin levels was found (T. Piche et
al., 2002). Treatment with UDCA has proved unsuccess-
ful and the use of serotonin antagonists (5HT1A), IL-1
receptor antagonists (IL-1ra) and antioxidants (34) is
still at an experimental stage.

6.2.2 Pruritus and scratch marks

Pruritus can occur at a very early stage � perhaps as a
first sign of a cholestasis that has hitherto gone un-
noticed. It is more pronounced at night and in winter-
time. With a chronic course of disease, this can become
excruciatingly painful and may occasionally culminate
in a suicidal tendency on the part of the patient.

It is justified to assume that cholestatis-related pruritus is caused
by substances that are normally excreted in the bile. Nevertheless,
it has not been possible to detect a specific causative substance up
to now. Under experimental and clinical conditions, raised bile acid
levels in the serum or in the skin are found both with and without
pruritus � but no adequate correlation could be established. Re-
cent findings point to an increased tonus of the opioid system in
the CNS (endorphins) as being of prime importance in the
pathogenesis of cholestasis-related pruritus. Endogenous lipophilic
bile acids possibly effect the release of hitherto unknown prurito-
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genic substances, which stimulate opioid receptors in the CNS. It
has thus been possible to eliminate pruritus straightaway and for
a considerable period of time using opioid antagonists (e.g. nalo-
xone, nalmefene). (38, 63, 64, 71) (s. p. 85)

Pruritus is accompanied by scratch marks (s. pp 85,
232), which the tormented patient inflicts, often with
great intensity, on all accessible parts of the body (“as
long as it bleeds, it doesn’t itch any more”). Fresh
scratch marks on the skin alternating with older, blood-
encrusted sites are characteristic of the body surface of
a patient suffering from chronic cholestasis, such as pri-
mary biliary cholangitis. (s. fig. 13.3)

Fig. 13.3: Scratch marks resulting from pruritus in recurrent
intrahepatic cholestasis

6.2.3 Xanthelasmas and xanthomas

In chronic cholestasis, xanthelasmas and xanthomas oc-
cur as a result of impaired catabolism and reduced ex-
cretion of cholesterol. Only when cholesterol levels of
> 400 mg/dl persist over a period of more than 3 months
do these deposits form in the skin. Occasionally, peri-
pheral xanthomatous neuropathy is witnessed.

Xanthelasmas are depositions, reddish-brown to yellow in colour,
sharply defined, striated, up to the size of a fingernail, slightly
raised (xanthelasma planum) or slightly humpy (xanthelasma tube-
rosum). They are most frequently found on the eyelids (xanthel-
asma palpebrarum), particularly at the inner angle of the eye.

Xanthomas are found in the form of small nodular foci or as nodu-
lations, mainly symmetrical, on the buttocks, elbows, knees, fin-
gers, feet and toes, neck, tendons, and below the breast. They are
reddish-brown to yellow in colour. These depositions of cholesterol
are reversible � particularly with a marked reduction in the choles-
terol level due to liver cirrhosis. Following transplantation of the
liver, they generally disappear after one or two years. (s. p. 85) (s.
figs. 4.14�4.16)
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6.2.4 Changes in biotransformation

In the course of cholestasis, lower concentrations of
cytochrome P 450 are found together with increased ac-
tivities of some microsomal oxidases. For this reason, the
biotransformation of xenobiotics can be unpredictably
and permanently altered. This is largely connected with
the cholestasis-associated shift in bile acids from the peri-
portal to the intermediary and perivenous zones.

6.3 Laboratory diagnostics

Diagnosis of cholestasis is easy and accurate with the
help of laboratory methods. (s. tab. 13.6) The retention
of substances essential to the bile triggers biochemical
changes which may also be of diagnostic significance.
The visual diagnosis of subicteric conditions or jaundice
can be related to hyperbilirubinaemia as well as to
cholestasis with jaundice; this differentiation is possible
using just a few laboratory parameters. The diagnostic
methods applied must always aim to yield sufficiently
reliable information on the aetiology, severity and se-
quelae of cholestasis.

Differentiation between obstructive (“surgical”) and non-
obstructive (“conservative”) cholestasis is the most im-
portant diagnostic task, because this can have conse-
quences which are of decisive importance in terms of ther-
apy and prognosis. (25, 32)

1. A rise in bile acids is the main biochemical sign of
cholestasis. For this reason, the bile acid values are well-
suited for early diagnostic purposes as well as for follow-
up and prognosis. The serum level can be in excess of
300 µmol/l (normal 1.0�6.0 µmol/l). (s. pp 35, 101)

In each form of cholestasis, atypical bile acids, such as mono-
hydroxy bile acids, allo-bile acids, 1- or 6-hydroxylated bile acids
and their sulphated or glucuronidated derivatives, are found in the
serum and/or urine. In cholestasis, the increase in the neosynthesis
of atypical bile acids that pass into the kidney can be seen as a
compensatory mechanism which eliminates potentially hepatotoxic
bile acids by renal clearance. The highest renal excretion quota is
demonstrated by tetrahydroxy bile acids.

2. An increase in enzymatic markers of cholestasis is a
laboratory sign of cholestasis, with alkaline phosphatase
being of paramount importance. Normal AP activity
does not necessarily exclude cholestasis! It is a ubiqui-
tous enzyme and therefore not specific to cholestasis,
which is why LAP (as well as γ-GT) ought to be deter-
mined additionally in order to confirm AP if the exist-
ence of cholestasis is uncertain. In cholestasis, γ-GT is
about 9 times more sensitive than LAP and about 6
times more sensitive than AP. The sluggish reactions of
LAP are, however, far more cholestasis-specific than
those of AP and γ-GT. Some forms of cholestasis dem-
onstrate elevated AP and LAP values, yet normal γ-GT
values. (s. p. 101) (s. tabs. 5.9; 13.6)

� These enzymes (AP, LAP, γ-GT, 5�NU) as well as Mg��-ATP-
ase are localized on the canalicular side of the hepatocyte (AP and
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Mg��-ATPase are also detectable on the luminal surface of the
ductular epithelia cells). Even under normal conditions, yet more
so in cholestasis, the enzymes are released through the detergent
effect of bile acids (in quantitative dependence on their concen-
tration) and can thereby pass into the bile and blood.

3. Serum lipids reflect a complex picture of changes,
depending on the duration and severity of the disease.
A pronounced increase in cholesterol is witnessed, with
a disproportionate rise in free cholesterol. The phos-
pholipids are also clearly increased. Neutral fats are just
slightly elevated as a rule. Detection of lipoprotein X is
deemed to be a useful cholestasis parameter. The serum
is not turbid. (s. pp 103, 106) (s. tab. 13.6)

Lipoproteins are increased and show great changes: (1.) clearly ele-
vated LDH contain lipoprotein X (LP-X), (2.) VLDL have fewer
apolipoproteins E and C, (3.) HDL are decreased and contain less
apolipoprotein A1, yet more E, and (4.) LCAT activity is reduced.
• Lipoprotein X is a lipoprotein rich in phospholipids (ca. 60%)
and cholesterol (ca. 25%), with a protein content of about 6%. It
has a bilamellar discoidal structure, a diameter of 40�60 nm and
a thickness of 10 nm. It is formed by the interaction of bile with
blood components. LP-X inhibits the uptake of chylomicron rem-
nants in the liver cells and supports the synthesis of cholesterol by
triggering HMG-CoA reductase activity. Degradation of LP-X is
effected in the RES. Despite the alleged differentiation into largely
increased LP-X1 in intrahepatic cholestasis and LP-X2 in extrahe-
patic cholestasis, it is not possible to distinguish between the two
forms of cholestasis in the chemical laboratory.

4. Jaundice does not necessarily accompany cholestasis.
In severe and prolonged cholestasis, particularly if ob-
structive, jaundice is generally always in evidence. In
cholestasis, the third fraction, known as delta bilirubin,
can largely be detected by means of the diazo method.
This fraction is firmly bound to albumin and can there-
fore only be dissociated and excreted slowly. For this
reason, jaundice occurring together with cholestasis
tends to subside at a significantly slower rate than the
increased bile acid level in the serum. • In this case,
jaundice is due to a reflux of bilirubin from the cana-
liculus into the blood or a bidirectional transport of bili-
rubin via the sinusoidal membrane. Sometimes jaundice
is caused by metabolic dysfunction of the liver cells. •
Bilirubin also acts as an antioxidant.

5. An increase in GDH often proves to be a sensitive
parameter for bile stasis. In acute obstruction of the
biliary tract, the GDH level rises at an early stage
(according to our own observations, up to 112 U/l on dis-
charge of a gallstone). • With right-side colic, a swift and
pronounced increase in GDH can point to a chole-
dochal concrement, whereas colic caused by a renal cal-
culus has no effect on the GDH level. • A malignant
obstruction shows constantly high or still increasing
values, whereas GDH activity tends to decrease in
benign cholestasis. (s. tab. 13.6)

6. Quick’s value can be reduced in long-term cholestasis
by vitamin K deficiency (owing to a disorder in the syn-
thesis of clotting factors dependent on vitamin K). In
this respect, the intravenous Koller test can facilitate the
differential diagnosis between dysfunction of synthesis
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in the liver cell or vitamin K deficiency due to impaired
absorption. (s. p. 105) (s. tab. 13.6)

7. Cholinesterase activity continuously declines in pro-
longed cholestasis � pointing to an impaired synthesis
capacity of the liver cells. (s. p. 103) (s. tab. 13.6)

1. Serum bile acids �

2. Alkaline phosphatase (AP)
Leucine aminopeptidase (LAP)

�
γ-GT
5�nucleotidase

3. Cholesterol
Phospholipids �
Lipoprotein X

4. Bilirubin N��

5. GDH N��

6. Quick’s value, cholinesterase �

7. Copper, ceruloplasmin �

8. IgA, IgM �

9. Antithrombin III, haptoglobin �

10. Various antibodies (s. tab. 13.7) �

Tab. 13.6: Possible laboratory results in cholestasis (N � normal)

8. The serum value for copper is increased. Some 80% of
the absorbed copper is normally excreted via the bile in
the stool. In prolonged cases of cholestasis, copper is de-
posited in other organs � even forming a faint Kayser-
Fleischer ring on the cornea (as observed in Wilson’s
disease). The retained copper is not toxic. (s. p. 102)

9. In the case of non-dilated bile ducts, further specific
laboratory parameters may be necessary for differential
diagnosis, such as electrophoresis, immunoglobulins,
hepatitis serology (s. p. 116) and α1-foetoprotein (s. p.
106). Determination of the AMA should always be con-
sidered. (s. p. 120) (s. tabs. 5.19�5.21; 13.7)

AMA ANA LMA SMA ANCA AHA
Disease M6 M2 M4 M8 M9

Primary biliary � ��� � � � (�) � � � �
cholangitis

PBC/CAH � �� � (�) (�) �� � � � �

CAH � � � � � ��� �� �� �� �

Primary scleros- � � � � (�) � � � �� �
ing cholangitis

Alcoholic CAH � � � � (�) (�) � � � �

Drug- (�) � � � � � � � � �
induced CAH

Tab. 13.7: Possible anti-
body constellations in
chronic cholestatic liver
diseases
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In cholestasis, various antibodies (e. g. CEA 19) may be
falsely evidenced as being increased in the serum. This
is because antibodies can no longer be excreted via the
bile, as they usually are.

It is not possible to differentiate between intrahepatic
and extrahepatic cholestasis by means of laboratory
parameters.

6.4 Imaging procedures

6.4.1 Sonography

At this stage of the examination, sonography is now re-
quired to diagnose obstructive cholestasis and post-
hepatic jaundice and to localize the cause. In 90�95%
of cases, this can be done successfully; the cause can be
clarified in 71�88% of cases. Ultrasound examination
methods are deemed to be routine, and when aiming at
the clarification of jaundice and/or cholestasis, they
have a high degree of reliability. Dilated bile ducts (gen-
erally presented as a double-barrelled phenomenon)
with a diameter exceeding 7�8 mm and an enlarged
lumen through to the porta hepatis or papilla of Vater
(extrahepatic obstruction) are clearly visible. It is usu-
ally possible to differentiate between an obstruction
which is located high up in the bile duct and one which
is located distally. (s. tabs. 6.4; 13.8)

Localization Dilation

Gall bladder Choledochal Intrahepatic
duct bile ducts

Extrahepatic
cholestasis
� proximal � � �
� distal � � �

Intrahepatic � � �
cholestasis

Tab. 13.8: Ultrasound criteria for the differentiation of cholestasis
(or jaundice)
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Tab. 13.9: Efficiency of diag-
nostic procedures in cholestasis:
determination of cholestasis
(� sensitivity), differentiation
between intrahepatic and extra-
hepatic cholestasis (� specificity)

6.4.2 CT, MRI and MRC

The degree of accuracy for CT in cholestasis is 74�96%
sensitivity and 90�94% specificity, which practically
corresponds to that of sonography and MRI. When
cholestasis is still unresolved, MRC (B. K. Wallner et al.,
1991) should be used as well. (s. tab. 13.9)

6.4.3 ERC, PTC and EUS

If definitive clarification of cholestasis has still not been
reached (even with MRC imaging), dilated bile ducts
indicate an ERC or, if this is technically impossible, a
PTC. The diagnostic sensitivity is 60�70%, the speci-
ficity 90�95 (�100)%. The ERC should also be used
to visualize non-dilated bile ducts by means of direct
presentation � e. g. in cases with suspicion of destruc-
tive primary biliary or sclerosing cholangitis as well as
regionally restricted intrahepatic obstruction. (s. figs.
8.12, 8.13) (s. tab. 13.9)

6.5 Liver biopsy and laparoscopy

Liver biopsy: In the case of a hitherto non-clarified
differential diagnosis of cholestasis, thought should be
given to percutaneous liver biopsy or laparoscopy. Al-
though this is only indicated in isolated cases, it does
promise to be successful. (s. tabs. 7.3, 7.10) (s. fig. 13.5)
• Explorative laparotomy should not be performed!

Even by means of histology, however, it is not possible
to differentiate reliably between intrahepatic and
extrahepatic cholestasis.

Fig. 13.4: Obstructive jaundice with feathery degeneration of
hepatocytes (�)
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Feathery degeneration is the term used to describe the
delicate honeycomb-like, brownish streaky change of
liver cells, which is due to bilirubin impregnation of the
visible cytoplasmic structures. It can occur following
long-term cholestasis. Cellular hydrops is evident with
dilation of the endoplasmic cisternas, caused by the
toxic impact of biliary acids. (s. fig. 13.4)

Eosinophilic infiltrations in the portal fields generally
point to intrahepatic cholestasis. • By contrast, ductular
changes with bile cylinders, ballooning, acidophilia of
the liver cells at the lobular centres, bile infarcts, in-
crease in the copper content, etc. are usually signs of
extrahepatic cholestasis. (s. fig. 13.5) (s. tab. 13.10)

Finding Intrahepatic Extrahepatic
cholestasis cholestasis

1. Periportal field
� leucocytes (�) �/��
� eosinophilia ��� (�)
� foam cells (�) �/��
� fibrosis � �/��
� ductular changes (�) �/��

2. Bile ducts
� dilation (�) �/��
� bile cast � �/��

3. Liver cells
� bile pigment �/�� �/��
� necroses � �/��
� fatty infiltration (�) �/��

Tab. 13.10: Histological findings as criteria for intrahepatic or
extrahepatic cholestasis

Fig. 13.5: Bilirubinostasis with bile droplets (�) in the hepatocytes
and canaliculi. Clinical diagnosis: extrahepatic obstructive jaundice
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Laparoscopy: In laparoscopy, cholestasis is usually pres-
ented as greenish to brownish green “spotting” or as
diffuse greyish green colouration of the liver surface.

Fig. 13.6: Smooth, brownish-green sprinkled liver surface (due to
azathioprine)

Fig. 13.7: Flow diagram of
cholestasis and jaundice
(N � normal, � � not present)
(s. fig. 9.3)

1. Overproduction 
of bilirubin 
(s. tab. 12.2)

2. Bilirubin 
uptake �

3. Bilirubin 
storage �

4. Disruption of
bilirubin 
conjugation 
(s. tabs. 12.2, 12.4)

Intrahepatic
obstructive 
and non-
obstructive 
cholestasis/
jaundice
(s. tabs. 13.3,
13.4)

Obstructive 
cholestasis/
jaundice
(s. tab. 13.2)

Functional 
jaundice
(s. tab. 12.4)

Bile ducts
not dilated

GPT > 300
AP   N–�

Anamnesis
Clinical aspects

Laboratory findings

Jaundice

Cholestasis

GPT < 300
AP  �

Mainly direct
bilirubin

Mainly indirect
bilirubin

GPT  N
AP    N

Sonography

Bile ducts
dilated

Bile ducts
not dilated

Specific
laboratory tests

Specific
laboratory tests

Haemolysis +
(s. tab. 12.3)

Haemolysis ∅

Specific
laboratory tests

Liver biopsy Liver biopsy ERC/PTC
(CT)

Liver biopsy
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This greyish green colour does not always correlate with
the bilirubin value (in pronounced icteric virus hepatitis,
for example, the surface of the liver shows no cholestatic
change). In intrahepatic obstructive cholestasis, the sur-
face of the liver can indeed show a cholestatic discolour-
ation, although only in the affected area. • In long-term
cholestasis, however, obstructive and non-obstructive
courses of the disease display clear differences: in the
obstructive form, fine uneven sites increasingly appear
on the liver surface, ultimately leading to granulation as
well as to perivascular proliferation of connective tissue
and capsular fibrosis. By contrast, in non-obstructive
forms, the liver surface remains unchanged, i. e. smooth
and shiny, even after weeks of cholestasis. (s. figs. 13.6;
28.15, 28.16)

The strategy of diagnosing cholestasis or jaundice is
outlined in a flow diagram. (s. fig. 13.7)
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7 Clinical sequelae

In prolonged cholestasis and/or biliary deficiency in the
intestine, a number of unpleasant and grave symptoms
are likely to occur.

7.1 Abdominal complaints

Bile deficiency in the stools causes disturbed bacterial
flora as well as insufficient digestion and absorption of
nutritional fats. This leads to intestinal complaints, such
as meteorism, bloating, lack of appetite, intolerance of
fatty foods through to nausea and vomitus.

7.2 Steatorrhoea and diarrhoea

Biliary steatorrhoea is characterized by higher stool
weight (> 200 g) and increased excretion of fat (> 7 g/
day). This condition correlates with the degree of sever-
ity of cholestasis. Stools are soft and smell unpleasant.
• Steatorrhoea is accompanied by additional diarrhoea.
All these changes in the stools lead to a loss of liquid,
electrolytes, fat-soluble vitamins and important trace
elements. • Intestinal bile deficiency causes the charac-
teristic acholic stools. (s. tab. 12.6) (s. fig. 13.8)

Fig. 13.8: Acholic fatty stool in recurrent intrahepatic cholestasis

7.3 Malabsorption

Steatorrhoea and diarrhoea cause malabsorption and
subsequent weight loss. In prolonged cholestasis, de-
ficiency symptoms may result from the loss of vitamins
A, D, E and K. • Vitamin A deficiency leads to dry and
atrophic skin, xerophthalmia and impaired scotopia
with night blindness as well as damaged hearing. Vita-
min E deficiency may result in cerebral ataxia, retinal
degeneration, neuropathy and myopathy (especially in
children) as well as prolonged cholestasis. Vitamins A
and E are also important radical scavengers, which ex-
plains why deficiency of these vitamins results in lipid
peroxidation. Vitamin K deficiency causes coagulative
disorders with haemorrhagic diathesis. Vitamin D de-
ficiency leads to increased intestinal loss and reduced
absorption of calcium.
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7.4 Osteopathy

Cholestasis-linked osteopathy (M. Loeper et al., 1939),
which occurs much more frequently in the form of oste-
oporosis than osteomalacia, can be expected in up to
50% of cases. The pathogenesis is complex. Vitamin D
status can be examined by determining 25-OH-cholecal-
ciferol in the serum. Intestinal calcium loss and reduced
calcium absorption due to vitamin D deficiency are key
pathogenetic factors. It is still a matter of debate
whether vitamin K deficiency (which can lead to re-
duced osteocalcin synthesis) and deficiencies in IGF I
and II (which can cause dysfunction of the osteoblasts)
are possible causes of this condition. Muscle and bone
pain are frequent clinical symptoms, occurring mainly
in the wrists and ankles.

7.5 Renal dysfunction

Elimination of endotoxins is reduced owing to the re-
stricted filtering function of the RES in cholestasis. (s.
p. 65) Renal dysfunction may occur as a result of endo-
toxins or deposits of IgA immunocomplexes in the glo-
merula. The kidneys are occasionally swollen and con-
tain bilirubin deposits. (s. p. 327)

8 Therapy

8.1 Mechanical cholestasis

Mechanically induced cholestasis is usually accompan-
ied by obstructive jaundice. In both conditions, the pri-
mary aim is to eliminate the mechanical obstruction.
This can be achieved surgically or endoscopically. In
malignant obstructions, palliative measures, such as en-
doscopic retrograde or percutaneous transhepatic stent-
ing, should be considered, depending on localization
and various clinical aspects; if necessary, a surgical by-
pass may be performed to eliminate the cholestasis. •
Careful preparation of each individual patient must in-
clude the following measures: normalization of blood
coagulation and the electrolyte, water and acid-base bal-
ance, stabilization of blood circulation using suitable in-
fusions, mannitol infusion (only if fluid balance is
given), administration of lactulose for intestinal detoxi-
fication (in particular for endotoxinaemia), broad
spectrum antibiotics and possibly zinc. • Once the ob-
struction of biliary flow has been removed, administra-
tion of ursodeoxycholic acid (10�15 mg/kg BW/day, up
to 1,800 mg/day) is recommended. • There has been
growing interest in the use of cholagogue agents as adju-
vant therapy, particularly in prolonged treatment.

8.2 Functional cholestasis

Function-related cholestasis calls for identification and
elimination of the causes. Because this is fundamental
for the outcome, it must be carried out effectively.
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General measures
� Reduced intake of neutral fats (< 40 g/day)

with supplementary administration of medium-chain trigly-
cerides (> 40 g/day)

� Substitution with vitamins A, D., E., K (i.m.)
� Substitution with calcium (1 g/day)
� Substitution with other electrolytes and zinc
� Short fingernails
� Increase in physical activity

Drug therapy
� Ursodeoxycholic acid (22, 53)
� S-adenosyl-L-methionine (20)
� Cholestyramine, cholestipol
� Opiate antagonists (29, 38, 63)

� naxolone
� naltrexone (69)
� nalmefene (5)

� 5HT3 antagonist
� ondansetron (64)

� Dronabinol (50)
� Serotonin reuptake inhibitor

� sertraline (50�100 mg/day)
� Enzyme inducers

� Rifampicin (78)
� phenobarbital (100 mg in the evening)
� promethazine (25�150 mg in the evening)

� Antacids
� aluminium hydroxide
� H2-receptor blockers

Non-pharmaceutical therapies
� UV light (65)
� Dialysis, exchange transfusion (7)
� MARS (26, 40, 66)

Tab. 13.11: Treatment of functional cholestasis and pruritus

General measures should include: (1.) reduction in the in-
take of neutral fats in the food (< 40 g/day) with sup-
plementary administration of medium-chain triglycer-
ides (> 40 g/day), (2.) substitution of fat-soluble vitamins
A, D, E and K, (3.) substitution of calcium (1 g/day) as
well as other electrolytes and zinc, (4.) reduction of
scratching by constantly checking for short fingernails,
and (5.) regular muscular activity. • Many studies using
drug therapy have shown the effectiveness of ursodeoxy-
cholic acid (10�15 mg/kg BW/day, up to 1,800 mg/day)
(22, 53), S-adenosyl-L-methionine (1,600 mg/day) (20),
cholestyramine (starting at 1 x 4 g/day and increasing to
3 x 4 and 4 x 4 g/day) and cholestipol (3 x 5 g/day) as well
as rifampicin (2 x 150 mg/day, up to 2 x 300 mg/day in
exceptional cases). (78) Opiate antagonists have also pro-
ved successful: naxolone (2�3 x 0.4 mg/day i.m.) or nal-
trexone (2�4 x 25�50 mg/day) (69) as well as the 5-HT3
antagonist ondansetron (3 x 4�8 mg/day, i.v. or orally).
(64) Dronabinol has also been successfully used to treat
intractable pruritus. (50) Sertraline as a selective serotonin
(neuronal) reuptake inhibitor can reduce pruritus due to
cholestasis with long-term efficacy. Phenobarbital (3 x 5
mg/kg BW/day and/or 100 mg in the evening) is thought
to be effective through enzyme induction or direct impact
on the peripheral or central nervous system. Prometh-
azine (25�150 mg in the evening) should also be men-
tioned here. In some cases (especially in pregnancy chole-
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stasis), prednisolone may be administered in the morn-
ing, gradually decreasing the dosage over a limited per-
iod. Tauroursodeoxycholic acid appears ineffective in
preventing or treating total parenteral nutrition-associ-
ated cholestasis in neonates. Non-pharmaceutical alterna-
tives in the treatment of severe intractable pruritus in-
clude UV phototherapy (8�12 hours/day), dialysis or
plasmaphoresis. The molecular adsorbents recirculating
system (MARS) was developed by J. Stange et al. in 1993
as supplementary treatment in acute liver failure. This
procedure has been commercially available since 1999. It
is based on the removal of water-soluble and protein-
bound toxins that accumulate as a result of liver failure.
Since 2000, many patients have undergone successful
treatment and this method is now being used with BRIC
to produce excellent results. (26, 40, 66) (s. tab. 13.11)
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14 Portal hypertension

� Aristoteles (384�322 BC) first described the portal vein within
the venous system. Herophilos (ca. 300�250 BC) was the first to
recognize the portal vein system and its importance as the dis-
charge zone for all resorbent intestinal veins. A description of the
portal vein system with its intrahepatic branches and separate
bloodstream was given by Galenus (129�199 AD). The independ-
ence of the portal vein circulation from the overall blood circu-
lation was demonstrated by F. Glisson (1597�1677). (s. pp 6, 7, 9)

� In 1905 the cause of portal hypertension was regarded by R.
Kretz as being the mechanical constriction of the hepatic veins
resulting in a shunt between the arterial and venous circulation.
• The term portal hypertension syndrome was defined by A. Gil-

bert and M. Villaret (1906) and taken to encompass ascites,
opsiuria, splenic tumour, haemorrhoids, gastrointestinal bleed-
ing and the development of hepatofugal collaterals. The under-
lying disease consisted of cirrhosis and portal vein thrombosis.
(43) • Measurement of portal venous pressure was taken by L.
M. Rousselot in 1936. Pressure measurement by puncturing
oesophageal varices was first performed by P. Allison (1951). A.
Paton et al. (1953) reported on the indirect determination of por-
tal venous pressure with the aid of hepatic venous pressure
measurements. A correlation between pressure in the portal
vein and pressure in the splenic vein was established by M.
Atkinson and S. Sherlock (1954).

1 Definition

A persistent pressure elevation of > 12 mmHg in the
portal vein circulation, dilation of the portal vein to
> 13 mm or an increase in the portal pressure gradi-
ent of > 7 mmHg (difference between the pressure of
the portal vein and that of the inferior vena cava) is
termed portal hypertension. At pressure values of
more than 20 mmHg, collaterals generally develop. •
Portal hypertension is regarded as a systemic disease
which affects a number of organ systems.

2 Pathogenesis

The portal vein is 5�8 cm long with a diameter of 1.2
� 0.2 (or 0.97) cm. The portal venous pressure is 3�7
(�12) mmHg. It is dependent on several criteria: pos-
ture, intra-abdominal pressure (e. g. coughing, compres-
sion), respiratory phase, Valsalva’s manoeuvre and a
number of biochemical mediators. (20)

Hepatic circulation: About 70�75 % of the hepatic circulation
(1,500 � 300 ml/min, or 1.4�1.5 ml/min/1.73 m2 body surface)
pass through the portal vein (25�30 % via the hepatic artery).
Hepatic circulation increases after the ingestion of food, but
decreases by about 30% after physical exertion as a result of sym-
patheticotonia. The oxygen content of portal venous blood is
lower than that of arterial blood, but is significantly higher than
in the rest of the venous system. The portal vein supplies about
10�12 ml O2/min � 100 g, i. e. 50�60% of the liver’s oxygen

244

requirement. The liver is very adaptable in this respect and bal-
ances an increased or decreased oxygen supply by decreasing or
increasing oxygen extraction (by almost 100%) from the portal
and arterial blood. (4, 10, 17, 87, 99) (s. pp 826, 833, 836)

Hepatic blood flow: In addition to the autoregulation of the arter-
ial hepatic system, the hepatic blood flow is mainly regulated via
neural (sympathetic) stimulation and the effects of hormones,
mediators or pharmaceuticals. • Agents such as α-agonists, hista-
mine, serotonin, noradrenaline, endothelin and angiotensin have a
constrictive effect on the portal venous system. A vasodilatory
effect on the arterial system is brought about by β-agonists, nitric
oxide (NO) (51, 118), glucagon, prostaglandins, pentagastrin, etc.
• Under pathological conditions (e.g. lowered response to vaso-
constrictors), individual factors of these biochemical regulation
systems may be present to a greater or lesser extent and thereby
lead to pathophysiological mechanisms. This also applies to the
action of endotoxins with regard to an elevation of the portal pres-
sure. • Ito cells are key targets for vasodilators: they regulate the
hepatic microcirculation. (118)

Hepatic resistance: Various areas of resistance can regulate the cir-
culation of blood in the liver: (1.) arterioles of the hepatic artery,
(2.) arterioles in the region of the splanchnic vessels, (3.) presinus-
oidal portal venules, (4.) sinusoids and postsinusoidal sections of
vessels, and (5.) portosystemic collaterals.

Forward-flow hypothesis: When hepatic resistance is constant,
increased blood supply causes an elevation of the portal pressure.
• Backward-flow hypothesis: This primarily requires an increase in
hepatic vascular resistance. The subsequently reduced circulation
of blood in the liver is compensated by increased circulation in the
splanchnic vessels.

The portal hypertensive syndrome is caused by (1.) in-
creased resistance in the portohepatic circulation and
(2.) an increase in the splanchnic vein blood supply.

� The increase in vascular resistance is the decisive
factor and, in the majority of cases, is even the sole
cause. It can be functional and reversible as well as struc-
tural and irreversible. Blood flow correlates directly with
vessel diameter to the 4th power, i. e. small radial
changes cause large changes to vessel resistance. An
increase in the blood supply may favour the occurrence
of portal hypertension or enhance its clinical develop-
ment. The persistent interference with biochemical
mechanisms which regulate the blood circulation in the
liver and the impact of pathological substances may
have further pathogenic effects. (23, 62, 72, 81, 118, 128) (s.
fig. 14.1)

Despite the development of portosystemic collaterals,
which ought to lead to a fall in portal hypertension,
the hyperdynamic circulation accompanied by splanchnic
vasodilation (� increased cardiac output, decreased sys-
temic vascular resistance, hypervolaemia, systemic arte-
riolar vasodilation) maintains portal hypertension in
both the splanchnic and systemic vascular systems. (10,
47, 87) The hyperdynamic circulation is either the cause
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or the result of portal hypertension � or both. The
arterial blood pressure is normal or slightly decreased.

Elevated hepatic
resistance

Portal hypertension

Increased splanchnic Development of
blood supply collaterals

Increased
blood volume Vasodilation

Fig. 14.1: Pathogenesis of portal hypertension

3 Forms and aetiology

Portal hypertension is classified according to the local-
ization of the flow resistance. Increases in pressure in
the portal vascular system are rapidly transferred to the
preceding vascular sections, since the portal vein does
not possess any venous valves. Depending on whether
the localization lies before, within or beyond the liver,
the portal hypertension is broken down into prehepatic,
intrahepatic and posthepatic blocks. The intrahepatic
form is further subdivided into a presinusoidal, sinusoi-
dal and postsinusoidal rise in resistance. Underlying
morphology allows distinction between cirrhotic and
non-cirrhotic portal hypertension. • Sometimes the aeti-
ology is unknown (� idiopathic, non-cirrhotic portal
hypertension). (22, 23, 37, 38, 54, 65, 69, 71, 102, 115, 140, 142,
154, 158) (s. tab. 14.1)

Non-parenchymatous portal hypertension
1. Prehepatic portal hypertension
2. Intrahepatic portal hypertension

Parenchymatous portal hypertension

3. Posthepatic portal hypertension

a. presinusoidal block

b. sinusoidal block
c. postsinusoidal block

Tab. 14.1: Forms and localization of portal hypertension

3.1 Prehepatic portal hypertension

Prehepatic (non-parenchymatous) portal hypertension
develops (1.) as a result of an increase in the portal blood
supply in the form of hyperkinetic hypertension or (2.)
due to occlusion of the portal vein or its trunks. The fre-
quency is 10�20 %. The liver is morphologically normal,
but is diminished in size. Its function is not impaired. The
reduced afferent portovenous flow is compensated by
arterial perfusion of the liver. Ascites occurs only rarely.
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There are a variety of known causes for this portal block
form. (s. tab. 14.2) (s. figs. 14.4, 14.5)

Congenital or postnatal
1. Arterioportal fistulas

� hyperkinetic hypertension
2. Atresia or hypoplasia of the portal vein
3. Thrombosis of the portal vein

� encroachment of the postnatally obliterated umbilical
vein on the portal vein

� infection of the umbilical vein with phlebitis of the
portal vein

4. Cruveilhier-von Baumgarten disease
5. Cavernous transformation of the portal vein

Acquired
1. Thrombophlebitis or thrombosis of the portal vein
2. Compression of the portal vein
3. Cavernous transformation of the portal vein
4. Arterioportal fistulas

� hyperkinetic hypertension
5. Compression or thrombosis of the splenic vein

� segmental portal hypertension

Tab. 14.2: Forms and causes of prehepatic portal hypertension

Phylogenetically, the portal vein is derived from sections
of several fused embryonic vessel components. Malfor-
mation can lead to atresia or hypoplasia of the portal
vein and cause portal hypertension in newborns. (100,
159)

3.1.1 Cavernous transformation

The most common cause of prehepatic portal hyperten-
sion in early childhood is cavernous transformation, a
primary angiomatous malformation of the portal vein
(H. Breining et al., 1968; C. Marks, 1973). • In adults, septic
diseases (appendicitis, pancreatitis, cholecystitis, etc.)
and traumas are held to be responsible, since they trig-
ger a slow occlusion of the portal vein (H. W. Clats-

worthy, 1974). Myeloproliferative syndromes, hepatic
tumours and cirrhosis are also possible causative
factors. • This transformation consists of a spongy con-
volute of paraportal, tendril-like interlaced vascular
structures in place of a single portal vein, mainly in the
area of the hepatoduodenal ligament. Symptoms are
abdominal pain, haematemesis, splenomegaly and
oesophageal varices. The diagnosis can be made using
sonography and CT. A cavernous transformation of the
portal vein usually appears sonographically as a string
of bead-like varicose collaterals in the hepatoduodenal
ligament. (8, 9, 131) (s. p. 834!)

3.1.2 Cruveilhier-von Baumgarten disease

The Cruveilhier-von Baumgarten disease develops when
postnatal occlusion of the umbilical vein is absent (P.
von Baumgarten, 1907). An open, dilated umbilical vein
connects the left portal vein with the systemic venous
circulation in the navel area. This collateral vein has a
diameter of > 3 mm and a hepatofugal flow of > 5 cm/



Chapter 14

sec. Sonography shows an echofree tubular structure. In
addition to the persistence (and, in most cases,
malformation) of the umbilical vein, a hypoplastic por-
tal vein system is found. (12) The resulting hypoplasia
of the liver and its vessels culminates in portal hyperten-
sion. Typical of this condition are the massive varicose
collaterals between the portal vein and the abdominal
wall veins in the form of a Medusa’s head (s. p. 87), a
continual venous hum below the xiphoid (“bruit de di-
able” or “humming-top murmur”) (s. p. 87), and spleno-
megaly. (s. p. 212) • In the Cruveilhier-von Baumgarten
syndrome, the postnatally closed umbilical vein in the
region of the round ligament is recanalized due to portal
hypertension; thus the blood from the left portal branch
is drained caudally. As a consequence of haemo-
dynamically effective “shunting”, flow values of > 10
cm/sec can be measured.

3.1.3 Arterioportal fistulas

Hyperkinetic hypertension in the prehepatic portal vein
system is caused by arterioportal fistulae with resulting
increased blood flow. About 150 cases of such aneurys-
mal anomalies are known from the literature. (2) They
occur more frequently, however, after abdominal trau-
mas or iatrogenic interventions (e. g. liver biopsy, chol-
angiography, arteriography) and in the presence of
malignant liver tumours. They are found mainly in the
proximity of the splenic artery or mesenteric vessels.
Arterial flow into the low-pressure portal region is unaf-
fected. Oesophageal varices, splenomegaly and, in some
cases, ascites develop very rapidly despite a “healthy
liver” (no abnormal clinical or laboratory findings).
This is followed by the subsequent development of
secondary thrombosis of the portal vein as a result of
fibromuscular hyperplasia of the intima and fibrosis in
the portal area (� hepatoportal sclerosis). Clinically, a
“machinery murmur” in the abdomen can be ascer-
tained on auscultation. Diagnosis can be made with the
aid of duplex sonography or radiological procedures.

3.1.4 Portal vein thrombosis

The most frequent cause of prehepatic portal hyperten-
sion in adults is portal vein thrombosis. Sonography dis-
plays the fresh thrombus as a hypoechoic structure in the
initially dilated portal vein. (89, 103, 144) The blood flow
(during the reversal phase from a hepatopetal to a hepa-
tofugal flow) slows down as a result of liver cirrhosis, and
this is deemed to be the causative factor in over 30% of
all cases of portal vein thrombosis. The liver function is
considerably restricted. Ascites is frequently witnessed
and proves difficult to treat. The presence of thrombophi-
lia is considered to be a predisposing factor. • Other
causes are: thromboembolism (95), abdominal operations,
traumas (68), pregnancy, collagenoses, portography, poly-
cythaemia vera, osteomyelosclerosis, Budd-Chiari syn-
drome, primary hepatocellular carcinoma, hepatic echi-
nococcus cysts (107). Septic processes (e. g. umbilical vein
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infection in newborns, appendicitis, diverticulitis, pancre-
atitis, colitis) play a major role. Tuberculosis is a rare
cause. (120) (s. tab. 39.4) The severity of the clinical picture
of portal vein thrombosis depends on how quickly and
extensively the obstruction develops. Rapid occlusion,
due to the haemorrhagic infarction of the intestine, leads
to extreme abdominal pain, haematemesis, melaena,
haemorrhagic shock, and ultimately death. When the
obstruction is more gradual, splenomegaly develops
rapidly together with paraportal collateral vessels which
function as intrahepatic portal branches (� cavernous
transformation), thus permitting partial compensation.
With normal WHVP (� wedged hepatic vein pressure),
there is a rise in intrasplenic pressure. (s. tab. 14.9) Diag-
nosis is possible with the aid of duplex sonography,
splenoportography or modern radiological methods. Dis-
orders of liver function are only apparent at a later stage.
Hepatoportal sclerosis may develop. (121) (s. p. 835!)

3.1.5 Segmental portal hypertension

An increase in peripheral resistance following throm-
bosis of the splenic vein is termed segmental portal
hypertension. Bleeding from gastric fundus varices is
frequently found. Due to the intact liver function, bleed-
ing from the upper gastrointestinal tract is better toler-
ated. Parasplenic variceal convolutes can be visualized
by means of colour-encoded duplex sonography. As a
rule, ascites does not occur. Pressure in the enlarged
spleen is greatly elevated. The WHVP remains
unchanged even with normal portal pressure. For this
reason, a shunt operation is contraindicated in cases of
bleeding from oesophageal or gastric fundus varices
owing to segmental portal hypertension. (44, 76, 82)

3.2 Intrahepatic portal hypertension

Intrahepatic portal hypertension is caused by lesions
which are easy to distinguish morphologically as well as
pathogenetically and which occur in the following
regions: (1.) presinusoidal veins of the intrahepatic peri-
portal triangles, (2.) liver sinusoids, and (3.) draining
postsinusoidal veins. Pathogenic overlapping is possible,
since some lesions affect both the presinusoidal and
sinusoidal vascular sections simultaneously. Frequency
is estimated at 70�80%. (s. figs. 14.4, 14.5)

3.2.1 Presinusoidal block

� The presinusoidal block can be classified under non-
parenchymatous portal hypertension. The WHVP is
normal. There is no impairment of liver function until
a later stage of the underlying disease has been reached.
This type of block is caused by a congenital or acquired
constriction of the lumen or by a reduction in portal
venous branches within the periportal triangles. (s. tab.
14.3)

Fibrocystic liver diseases, which show an autosomal-
recessive inheritance pattern, may hence cause a presinus-
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oidal block within the clinical picture of cholangiodys-
plasia. Histological differentiation between cirrhosis and
cholangiodysplastic pseudocirrhosis is very difficult. •
Congenital liver fibrosis (D.N.S. Kerr et al., 1962), an autoso-
mal recessive disease involving the kidneys, causes an
increase in presinusoidal pressure due to increased vascu-
lar resistance. Rendu-Osler-Weber disease and Gaucher’s
disease should also be mentioned as forms of a congenital
presinusoidal block, the portal hypertension here possi-
bly also being of sinusoidal origin. (s. tab. 14.3)

Presinusoidal block

Congenital
1. Rendu-Osler-Weber disease
2. Gaucher’s disease
3. Cholangiodysplasia or congenital liver fibrosis (microcystic

liver), congenital polycystic disease

Acquired
1. Thrombosis of the portal venous branches (89, 103)

� severe bacterial cholangitis
� malignant diseases

2. Primary biliary cholangitis (78),
primary sclerosing cholangitis

3. Sclerosing granulomas
� schistosomiasis (30, 116)
� sarcoidosis (75, 138, 143)
� tuberculosis (120)

4. Toxically induced hepatoportal sclerosis/periportal fibrosis
� arsenic (88, 97, 110, 113)
� vinyl chloride monomers (13)
� insecticides (particularly with copper sulphate) (113)
� cytostatics (methotrexate, 6-mercaptopurine) (125)
� immunostatic agents (azathioprine) (79)
� cyanamide

5. Myeloproliferative syndromes (28, 80)
6. Collagenoses (26, 27, 58)
7. Haemoblastoses (e.g. mastocytosis)
8. Lymphoblastoses
9. Wilson’s disease

10. Haemochromatosis
11. Malignant diseases
12. Liver adenoma
13. Nodular regenerative hyperplasia (93, 112, 133, 153)
14. Partial nodular transformation (126, 152)
15. Idiopathic (non-cirrhotic) presinusoidal block (54, 154)

Tab. 14.3: Causes of elevated presinusoidal resistance in intra-
hepatic portal hypertension (with some references)

Various infectious, toxic or immunological lesions lead
to a presinusoidal block in adults. From a primary
endothelial lesion, endophlebitis ensues. Rich in fibres
and deficient in cells, it is ultimately responsible for the
obliteration and even disappearance of the portal
branches. • Obliterative portal venopathy (N.C. Nayak et
al., 1969) with portal and periportal fibrosis and subse-
quent perisinusoidal sclerosis is referred to as hepato-
portal sclerosis (W. P. Mikkelsen et al., 1965). This is a com-
plex disorder involving splenomegaly, hypersplenism
and portal hypertension, which has also been described
as non-cirrhotic portal fibrosis (J.L. Boyer et al., 1967) or
idiopathic portal hypertension (K. Okuda et al., 1982). (121,
127) Banti’s syndrome (7) probably fell into this group;
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this is, however, now an obsolete term. The WHVP and
flow rates are normal and liver function is not affected.
Cirrhosis may develop in cases of prolonged illness.

Thrombosis of small portal veins due to bacterial
cholangitis with pericholangitis or to malignant and
subsequently thrombotic processes can cause an
increase in presinusoidal resistance.

Even in the early stage of primary biliary cholangitis,
immunological or scar-related atrophy of the small por-
tal veins is evident. (78) • In primary sclerosing chol-
angitis, these changes are only manifested once cirrhotic
transformation has set in. (s. tab. 14.3)

The most common cause of presinusoidal hypertension
throughout the world is schistosomiasis. The eggs of the
parasite are washed “embolically” into the portal veins.
Thus portal hypertension is induced, whereby the increase
in pressure correlates with the quantity of obstructing
eggs. The WHVP is normal. In addition, a granulo-
matous foreign-body reaction takes place with immuno-
logically induced eosinophilic infiltrations. This leads to
pronounced portal-periportal fibrosis, in which the peri-
portal triangles are distended with nodules and scars and
incorporate the axis of the Rappaport acini (so-called
“pipe-stem fibrosis”). (30, 116) (s. p. 497) (s. fig. 25.13)

Both liver adenomas and nodular regenerative hyper-
plasia can cause a presinusoidal block due to distortion
of the portal veins. • Wilson’s disease leads to an over-
lapping of presinusoidal and sinusoidal portal hyper-
tension. • In alcoholic cirrhosis, there is an overlap of
the sinusoidal and postsinusoidal forms.

3.2.2 Sinusoidal block

� The sinusoidal block can be attributed to a number
of pathogenic mechanisms: (1.) compression of the sinus-
oids via hepatocellular storage of substances (e. g.
steatosis), (2.) prolonged action of hepatotoxins with
increasing collagen formation and fibrosis, (3.) dis-
turbed passage in Disse’s space (e. g. as a result of
oedema), (4.) storage processes in the sinusoidal cells,
(5.) influence of vaso-active substances on the sinusoids,
and (6.) compression of the sinusoids by the formation
of nodules. The increase in resistance is thus always due
to a constriction or reduction of the sinusoidal vessels.
The sinusoidal block is the most common cause of por-
tal hypertension. It is ascribed to intrahepatic parenchy-
mal hypertension of the portal vein. Hepatomegaly can
be demonstrated in nearly every case. (s. tabs. 14.1, 14.4,
14.9) (s. figs. 14.4, 14.5)

Alcohol: With regard to hepatotoxins, by far the greatest import-
ance must be attributed to alcohol. The development of alcohol-
mediated portal hypertension is complex. The increasing accumu-
lation of fat in the hepatic cells interferes with the microcircula-
tion, since the sinusoids become both longer and narrower as a
result of fatty degeneration of the hepatocytes. In cases of fatty
liver, a greater microcirculation is observed in the arterioles at the
same time. Stimulation of the Ito cells is an important pathogenic
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factor; it induces collagenization of the perisinusoidal reticular
fibres. Scar areas develop around the central veins, with perivenous
sclerosis and ultimately even further obliteration of these vessels.

Sinusoidal block

1. Storage of substances
� fatty liver
� acute fatty liver in pregnancy
� amyloidosis (161)
� glycogenosis type III (85)
� Gaucher’s disease
� Niemann-Pick disease (136)
� α1-antitrypsin deficiency

2. Hepatotoxins
� alcoholic hepatitis
� vitamin A (119)
� vinyl chloride, methotrexate

3. Severe parenchymal loss
� acute viral hepatitis (145)
� acute liver failure (96)
� malaria

4. Peliosis hepatitis
5. Chronic hepatitis (74)
6. Regenerative nodes in cirrhosis
7. Formation of nodes
8. Cirrhosis

Tab. 14.4: Causes of a sinusoidal block in intrahepatic portal
hypertension (with some references)

Vitamin A intoxication: Prolonged and marked vitamin A intoxica-
tion leads to a substantial increase in individual Ito cells. This in
turn causes constriction of the sinusoids; the accompanying fatty
degeneration of the hepatic cells supports this obstructive effect.
The Ito cells are responsible for perisinusoidal fibrosis. The liver
surface is strikingly smooth despite marked portal hypertension
(often with considerable oesophageal varices). (119) (s. figs. 14.2,
14.3)

Fig. 14.2: Slight lobular inflammation. Periportal/perisinusoidal
delicate fibrosis as a result of chronic vitamin A intoxication (same
patient as in fig. 14.3) (Ladewig)

Cirrhosis: Irrespective of its aetiopathogenesis, cirrhosis always
leads to portal hypertension. In addition to the principal sinusoi-
dal factors, it is also affected by presinusoidal mechanisms. In
some cases, it is not always possible to assess the pathogenic signi-
ficance of individual factors. The real cause of portal hypertension
lies within the sinusoids. Because of the cirrhotic conversion of the
liver and the regeneration of nodes, the portal veins are nearly
always compressed, allowing hypertension to build up due to the
vascular resistance. The sinusoids, thereby stiffened, trigger phleb-
ectasia in their immediate vicinity, and a compensatory increased
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afferent arterial flow is produced. This can be detected due to mus-
cular hyperplasia of the small arteries and the occurrence of shunts
between the small arteries and portal veins.

Fig. 14.3: “Smooth” cirrhosis with smooth surface and portal
hypertension resulting from chronic vitamin A intoxication (same
patient as in fig. 14.2)

3.2.3 Postsinusoidal block

� The postsinusoidal block is due to increased resistance
in the hepatic veins and venules beyond the sinusoids.
This block form is attributed to parenchymatous portal
hypertension. (s. tabs. 14.1, 14.5, 14.9) (s. figs. 14.4, 14.5)

Postsinusoidal block

1. Liver cirrhosis (e.g. Wilson’s disease, haemochromatosis)
2. Budd-Chiari syndrome

� Stuart-Bras syndrome
(veno-occlusive disease; radicular form)
� pyrrolizidine alkaloids � contraceptives
� cytostatic agents � anabolic agents
� immunosuppressants � exposure to X-rays

� thorotrast
� Chiari’s disease

(obliterative hepatic endophlebitis; truncal form)
3. Alcoholic hepatitis

Alcoholic central hyaline sclerosis
4. Partial nodular transformation of the liver (126, 152)

Tab. 14.5: Causes of a postsinusoidal block in intrahepatic portal
hypertension (with some references)

Liver cirrhosis is the most common cause of postsinusoi-
dal portal hypertension. The greater resistance in this vas-
cular zone is predominantly due to the expansive pressure
caused by regenerative nodes on the small vein branches.
An additional pathogenic factor is the elevated arterial
blood flow to the liver. There is increasing evidence of
arterioportal anastomoses. The arterial component of
blood flowing to the liver can be raised by up to 80%. The
blood flow from the splanchnic area is also higher. The
internal pressure in the spleen and the WHVP rises in
accordance with the respective stage of cirrhosis. Infiltra-
tion of portal fields, portal/periportal fibrosis and fibrous
septa in cirrhosis leads to constriction and rarefaction of
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the portal venules and thus culminates in a presinusoidal
block. For this reason, after the positioning of a portaca-
val shunt, the WHVP is hardly (if at all) reduced. It is pos-
sible to ascertain the respective extent of a presinusoidal
block by way of the splenosinusoidal pressure gradient.

Budd-Chiari syndrome is the term used for the clinical
picture resulting from the occlusion of the hepatic veins.
This occlusion may be acute or chronic, total or partial.
Thrombosis of hepatic veins was first described in 1845
by G. Budd. In 1899 H. Chiari compiled all previously
recorded observations and categorized them as an in-
dependent pathological entity. There are numerous
causes: congenital anomalies of the hepatic veins, in-
flammatory diseases of the hepatic veins, localized or
diffuse liver diseases, extrahepatic pathological pro-
cesses, traumas, haematological or malignant diseases,
pregnancy, myeloproliferative processes, etc. (s. p. 830)

Veno-occlusive disease (VOD) describes the occlusion of
small hepatic veins and is defined as a radicular form of
the Budd-Chiari syndrome. A variety of endotheliotoxic
noxae, particularly phytotoxins, are responsible for this
clinical picture. In 1951 reports were simultaneously
published for the first time both in South Africa (G.
Selzer et al.) and Jamaica (K. R. Hill) dealing with this
disease of the small venous branches, which results from
chronic intoxication with pyrrolizidine alkaloids. (s. pp
548, 571) Similar morphological and clinical effects can
also be caused by cytostatic agents (6-mercaptopurine,
dacarbazine, thioguanine), azathioprine, contraceptives
and exposure to X-rays. Since 1957, the term Stuart-
Bras syndrome has also been used to describe the occlu-
sion of the small hepatic veins. (s. p. 832)

Obliterative hepatic endophlebitis is also referred to as
Chiari’s disease and can be distinguished from the
Budd-Chiari syndrome as its truncal form. It presents as
primary, independent phlebitis of the large hepatic veins
with secondary thrombosis. (s. tab. 14.5) In Chiari’s dis-
ease, the hepatic veins are affected to differing degrees
and at differing stages; this characterizes the clinical pic-
ture. Possible causes are rheumatic or paraneoplastic
diseases and disorders of the immune system. Total
occlusion of the hepatic veins has a dismal prognosis.
Partial occlusion results in portal hypertension with
hepatosplenomegaly, ascites and oesophageal varices.

Alcoholic hepatitis also leads to a postsinusoidal block
following the deposition of alcoholic hyaline in the
centrilobular zone, with perivenous fibrosis and subse-
quent occlusion of the small veins.

3.3 Posthepatic portal hypertension

In posthepatic portal hypertension (prevalence about
5%), the flow hindrance is in the region of the inferior
vena cava or the right heart. Extrahepatic processes
impede the efferent flow of venous blood from the
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hepatic veins. Parenchymatous portal venous hyperten-
sion develops with a simultaneous elevation of pressure
in the femoral vein. Liver findings correspond to the
truncal form of the Budd-Chiari syndrome. (s. tabs.
14.6, 14.9) (s. figs. 14.4, 14.5)

Heart
1. Right heart insufficiency
2. Constrictive pericarditis
3. Tricuspid valve incompetence
4. Idiopathic dilative cardiomyopathy

Inferior vena cava
1. Membranous obstruction
2. Anomaly
3. Thrombosis
4. Tumours
5. Nephrotic syndrome
6. Polycythaemia vera

Hepatic veins
1. Anomaly 3. Tumours
2. Chiari’s disease 4. Amoebic abscess

Tab. 14.6: Causes of posthepatic portal hypertension

The most frequent cause of posthepatic portal hyperten-
sion is right ventricular insufficiency. The central venous
pressure is transferred to the hepatic veins and the sinus-
oids. • Constrictive pericarditis leads to a state of pro-
nounced posthepatic portal hypertension with the early
development of ascites. • Severe tricuspid valve incompe-
tence also culminates in this condition. • A membranous
obstruction of the inferior vena cava was likewise
described in 1968 as a genetically determined cause of
posthepatic portal hypertension (S. Yamamoto et al.).
Three variants can be distinguished by angiography,
depending on the different ways in which the hepatic
veins are involved or whether they are affected at all. •
Thrombosis of the inferior vena cava can develop either
from thrombosis of the pelvic veins or independently in
the presence of predisposing factors.

4 Diagnosis

Hypertension of the portal vein, with its numerous
intrinsic or acquired causes, may not display any symp-
toms for several years. Portal hypertension itself is very
often a concomitant symptom in a number of liver dis-
eases. (65) It can lead to severe or even fatal complica-
tions. For this reason, hepatological investigation fre-
quently needs to explore (1.) the presence of portal
hypertension, (2.) its aetiology, (3.) its severity, and (4.)
potentially successful treatment of the underlying causes
� in order to produce a favourable effect on portal
hypertension. (22, 23, 33, 37, 38, 69, 158)

4.1 Anamnesis

Specific investigation of the patient’s medical history
can provide evidence of existing portal hypertension.
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The main anamnestic details given by the patient are
related to various targeted questions:

Anamnestic details

� existence of a liver disease
� existence of extrahepatic diseases
� alcohol abuse, medication
� consumption of tea containing alkaloids
� tarry stools, haematemesis, bleeding tendency
� thrombophilia
� visits to tropical regions (e. g. malaria)
� oedema, abdominal pain

Fig. 14.4: Anatomical
systematics of portal
hypertension
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Fig. 14.5: Forms, localization
and systematics of portal hyper-
tension (resistance-related and
volume-related hypertension
can occur either as primary or
secondary forms)
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4.2 Clinical findings

In the physical examination, particular attention should
be paid to a number of clinical findings :

Clinical findings

Hepatomegaly or atrophic liver cirrhosis, splenomeg-
aly, skin stigmata of liver diseases, anorectal varices,
oedema or ascites, epigastric pulsation, congested
neck veins, venous patterns on the surface of the
abdomen, and vessel sounds (e. g. venous hum,
“machinery” murmur).
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4.3 Laboratory findings

Laboratory parameters are not suitable for detecting
portal hypertension. Only thrombopenia (< 100,000/
mm3) can be taken as evidence of a splenomegaly due
to portal hypertension; decreased haemoglobin values
can be seen as a sign of a continuous loss of blood.
Testing for occult blood in faeces is obligatory when por-
tal hypertension is suspected. Elevated ammonia values
hint at an existing shunt circulation. Cholinesterase pro-
vides more information on the functioning of the liver,
hence facilitating a prognosis.

4.4 Sonography

Sonography provides a reliable means of detecting sple-
nomegaly, which is often, but not always present with
portal hypertension. Normal spleen findings generally
rule out this condition. The sonographically based sus-
picion of a particular liver disease should at the same
time draw attention to the possible existence of portal
hypertension. Nevertheless, diagnosis should not simply
be founded on the diameter of the portal vein, since the
values obtained from healthy subjects and from patients
with portal hypertension overlap. Studies showed that
the blood flow sometimes slows down even when the
portal vein is normal. Furthermore, the diameter of the
portal vein (and also of the splenic vein) depends on the
capacity of existing collaterals. (46, 61, 84, 94, 124, 150, 158)
(s. tab. 14.7)

� Splenomegaly (> 4 � 7 � 11 cm) (s. p. 135)
� Dilation of the portal vein (> 13 mm)
� Dilation of the splenic vein (> 10 mm)
� Dilation of the ventricular coronary vein (> 6 mm)
� Restricted respiratory modulation of the vascular

width of up to 3 mm (increase on inspiration and
decrease on exspiration) regarding the portal vein
and more particularly the splenic vein and the su-
perior mesenteric vein. • Decrease in width of the
lumen by more than 50% on exhalation � absence
of portal hypertension

� Jump in calibre of the portal vein
� Reversal of flow in portal vessels
� Stasis of the gall bladder and gastric walls
� Visible evidence of collaterals
� Recanalization of the umbilical vein (s. fig. 6.7)
� Cavernous transformation of the portal vein

Tab. 14.7: Sonographic criteria in portal hypertension

Vaginal sonography revealed rectal varices in about 50%
of cases and pararectal varices in about 80%. The vari-
ces had a diameter of 2.1�5.5 mm. (83)

Endoscopic sonography is ideally suited for displaying
intramural and perimural oesophageal varices. (134) (s.
fig. 19.6) Endoscopic colour Doppler sonography is
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another promising procedure, particularly for demon-
strating a (still) evident variceal perfusion.

4.5 Doppler sonography

Valuable information on the haemodynamics in the por-
tal vein system can be obtained with the aid of pulsed
or colour-encoded Doppler sonography � predomin-
antly by using a transducer with 3.5 MHz. • With this
method, all forms of portal hypertension can also be
classified and quantified in terms of severity. • A marked
deceleration of the portal flow (< 10 cm/sec) together
with evidence of portosystemic collateral vessels as well
as a reversal of the portal blood flow (� hepatopetal to
hepatofugal), which may also occur in the splenic vein,
demonstrate a severe impediment in flow capacity. In
the case of portal hypertension, a hepatofugal portal
flow can be witnessed in 6�10% of patients. A dilation
of the left gastric vein of > 6 mm points to the presence
of oesophageal varices, since this vein is the main collat-
eral vessel in such cases; evidence of high hepatofugal
flow (more than 15 cm/sec) represents a distinct risk of
variceal bleeding. (s. p. 137)

The Doppler effect is produced by changes in wavelength due to
the reflection of sound on moving particles (e.g. erythrocytes).
Consequently, the direction of flow (away from or towards the
sound source) as well as the flow rate in arterial and venous vessels
can be determined. The flow volume is then calculated by add-
itional sonographic measurement of the vessel diameter. It has
been shown that the rate of flow is clearly dependent upon the
respiratory activity, so that an increase in blood flow velocity can
be determined with maximum exspiration as well as postprandially
(normal value: 18�30 cm/sec). (14, 19, 32, 34, 42, 77, 91, 162)

Fibrous transformation in the structure of the liver leads to a
change in hepatic haemodynamics. Stenosis in the region of the
hepatic veins can be recognized by an increased flow rate. Yet, even
in cases of marked liver fibrosis or cirrhosis, the hepatopetal flow
in the portal vein may only be slightly lowered or even normal
owing to the dilation of the portal vessels and the formation of
collaterals. In cirrhosis, the arterial flow is greater than the portal
flow, the rate of which is about 30% lower than in healthy persons.
The relative change (in %) following stimulation by a standard
test meal provides a more exact diagnosis of portal hypertension.
Postprandial flow, due to digestive hyperaemia, may reach 40 cm/
sec. (73, 77) In the case of a distinct reduction in the flow rate, the
flow direction may be reversed (� hepatopetal to hepatofugal).
Blood flow in the portal venous system is normally hepatopetal
as opposed to pulsatile (or only slightly pulsatile) and follows an
increased exspiration flow rate. • Undulating blood flow when
inhaling (� hepatopetal) and exhaling (� hepatofugal) is evidence
of portal hypertension. (10, 87, 99)

Congestion index (CI): This parameter is the most reliable indicator
of portal hypertension. It relates the portal cross-sectional area to
the portal blood flow rate. The CI ranks higher than the direct
pressure level in the diagnostics of the portal system and the
HVPG. These three techniques (in this order) are considered to be
the gold standard in early diagnosis of portal hypertension. CI
levels of >0.1 are associated with excessive portal pressure with
>95% sensitivity and specificity. (92) Sonographic imaging of
cavernous transformation in the portal vein usually shows beaded
varicose collaterals in the hepatoduodenal ligament.
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4.6 Endoscopy

� Oesophagogastroscopy is considered to be the diag-
nostic procedure of choice for the detection of oesopha-
geal or gastric varices. This examination should always
be extended to the antrum and the duodenum, since
varices can also occur there. Endoscopy allows the
detection of oesophageal varicosis at an early stage of
development. It also enables an assessment to be made
of the size and preferred localization of the varices as
well as imaging the surface of these veins, where red
spots or stripes can often be found. Blackish-brown
spots are due to intramucosal haemorrhage. (s. p. 255)
With the aid of gastroscopy, it is also possible to identify
erosive gastropathy caused by portal hypertension. (s. p.
257) In combination with coloscopy, examination ini-
tially focuses on the presence of anorectal varices.
Endoscopy of the colon frequently reveals the presence
of erosive colopathy with mucosal findings similar to
those in the stomach. In rare cases, colonic varices are
also found. (s. p. 256)

Laparoscopy permits the very early detection of portal
hypertension due to the dilation and meandering of the
fine peritoneal, intestinal or gastric vessels. (101) (s. p.
155) (s. figs. 7.5; 14.6, 14.11, 14.12; 16.9)

Fig. 14.6: Dilation and meandering of the fine peritoneal vessels
at the initial stage of portal hypertension

4.7 Angiography
Splenoportographic procedures allow an accurate depiction of the
portal vein and its afferent flow areas. Despite the development of
new techniques, these methods are of importance in clarifying the
cause of portal hypertension, and they are (still) deemed to be a
prerequisite for operations aimed at reducing the pressure and vol-
ume in the portal venous circulation. Vessels with a diameter of
<1 cm are unsuitable for long-term patency of a shunt. Direct and
indirect procedures are available. (16, 35)

In the light of a possible shunt operation, it has become
more important to obtain additional information on the
arterial blood supply to the liver. As regards cirrhosis
with portal hypertension, arteriographic investigations
have shown that the more the blood flow through the
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liver increases, the more the portal blood flow is
reduced. Thus the blood flow relationship through the
liver can become almost completely reversed: as little as
20% via the portal vein and as much as 80% via the
hepatic arteries. Evidence of haemodynamically active
stenosis in the arteries supplying the liver therefore con-
stitutes a contraindication for shunt operations.

Direct splenoportography is the most informative procedure for
visualizing the portal vein system and its collaterals. (s. p. 181) Yet
this technique is costly, time-consuming and high-risk. The injec-
tion of contrast medium into the spleen is carried out either percu-
taneously (sonography-guided) or, preferably, by laparoscopy. It is
also possible to measure the pressure in the portal vein system. In
addition, this method ensures access to the collaterals if radiolog-
ical obliteration is planned. (s. p. 181)

Indirect splenoportography via the femoral artery is not only very
important, but also low-risk. (s. p. 182) Using radiography, the
arterial branches of the abdominal aorta initially become visible,
followed by the spleen, the splenic vein and the portal vein together
with its afferent veins and collaterals. This procedure provides
information on: (1.) localization of vascular resistance-related
hypertension, (2.) cause of portal hypertension (in individual
cases), (3.) patency and diameter of the respective vessel, (4.) extent
of collateral circulation, (5.) hepatopetal or hepatofugal direction
of flow in the portal vein, and (6.) shunt capacity of the splenic
vein or superior mesenteric vein. (s. p. 182)

Hepatic vein phlebography via the femoral vein and the inferior
vena cava facilitates visualization of the hepatic veins; it is technic-
ally simple, practically risk-free and puts little strain on the patient.

Other procedures that can be applied are indirect mesentericopor-
tography, transjugular or transhepatic splenoportography, umbil-
ical portography (s. p. 182) and scintigraphic splenoportography.

4.8 CT and MRI

Additional examination with CT or spiral CT may be
necessary with respect to certain diagnostic questions
(e. g. retroperitoneal space, CT portography). This also
applies to MRI (e. g. in pronounced obesity or meteor-
ism). Thus MRI angiography is a valuable additional
diagnostic procedure. (63, 86, 137, 151)

4.9 Carbon dioxide wedged venography

Injection of carbon dioxide into a catheter in the wedged
hepatic venous position facilitates excellent venography
of the hepatic venous and portal venous tree. (25)

4.10 Portal pressure measurement
Vein-occlusion pressure: It is possible to measure the vein-occlusion
pressure by inserting a measuring catheter through the cubital or
jugular vein into a hepatic vein. Measurement can be made as free
hepatic venous pressure (FHVP), whereby hepatic venous blood
flows around the measuring catheter, or as wedged hepatic venous
pressure (WHVP), whereby occlusion of the hepatic vein is
achieved by inserting the measuring catheter into a branch of the
hepatic vein or by inflating the measuring catheter balloon. The
WHVP correlates closely with the portal vein pressure. Its normal
value is 7�12 mm Hg. • The FHVP corresponds to the intra-
abdominal pressure, which is normally 3�11 mm Hg.
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Hepatovenous pressure gradient: The difference between WHVP
and FHVP is used to calculate the hepatovenous pressure gradient
(HVPG). This is equivalent to the portal (� sinusoidal) venous
pressure. The pressure difference between the portal vein and the
inferior vena cava is 1�4 mm Hg. Pressure levels of �8 mm Hg
result in the formation of collateral vessels or ascites. At 12 mm
Hg and higher, bleeding of the oesophageal varices occurs. The
HVPG can be an important prognostic factor in terms of survival
in patients with bleeding oesophageal varices. (108, 157, 158) The
examination can be carried out on an outpatient basis; this takes
about 15 minutes, whereby the length of exposure to radiation is
<2 minutes. Accordingly, it is possible to carry out follow-ups over
a number of years. Normal WHVP values are 4�8 mm Hg. In
cases of intrahepatic portal hypertension, particularly with liver
cirrhosis, the WHVP corresponds to the directly measured portal
venous pressure. In the case of a prehepatic and presinusoidal
block, the WHVP is normal. Posthepatic portal hypertension dis-
plays increased hepatic venous pressure. (90, 108, 157, 158) (s.
tab. 14.9)

5 Sequelae of portal hypertension

The clinical picture of portal hypertension can vary
greatly, since it is either characterized by the respective
underlying disease or the symptomatology of the latter
is still prevalent. • Irrespective of their aetiology and
pathogenesis, all forms of long-standing portal hyper-
tension generally lead to the same sequelae, albeit of
differing intensity. (s. tab. 14.8)

Morphological sequelae
1. Splenomegaly
2. Portacaval collateral circulation
3. Formation of hepatic lymphocysts
4. Portal hypertensive intestinal vasculopathy

� portal hypertensive gastropathy
� portal hypertensive colonopathy

Haemodynamic sequelae
1. Elevated cardiac output
2. Lowered peripheral resistance
3. Elevated heart rate
4. Lowered arterial blood pressure

Pathophysiological sequelae
1. Reduced detoxification of noxae
2. Impaired biotransformation
3. Coagulation disorders
4. Hepatopulmonary syndrome
5. Endocrine and metabolic disorders
6. Disposition to bacterial infections
7. Insufficiency of lymph drainage
8. Ascites

Tab. 14.8: Characteristic morphological, haemodynamic and
pathophysiological sequelae of portal hypertension

Depending on the localization of the portal resistance,
differing portal and hepatic pressure values and clinical
findings are obtained for the five forms of portal hyper-
tension. In this way, it is possible to gain more infor-
mation for differential diagnosis. (s. tab. 14.9)
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5.1 Splenomegaly

Splenomegaly following portal haemostasis (s. fig. 14.7)
leads to increased haemolysis as well as leukopenia and
thrombopenia. The last two conditions can also result
from the sequestration of blood in the enlarged spleen
or from an inhibited function of the bone marrow. Gen-
erally, these haematological findings only normalize in
about 25% of cases following splenectomy or a shunt
operation. It should be noted that a normal-sized spleen
does not exclude portal hypertension. (41) There is no
close correlation between the severity of portal hyper-
tension and the size of the spleen. Morphological an-
alysis reveals a thickened capsule with a firm consist-
ency and dark blood oozing from the surface. An
increase in fibres mainly affecting the sinus walls is the
principal morphological manifestation. Sinusoids are
dilated and lined with thickened epithelium. In addition
to this fibroadenia, hyperplasia of the RES ensues.
Haemorrhages often develop adjacent to arterioles of a
Malpighian corpuscle. Splenic infarction occurs fre-
quently. (s. fig. 35.10) Prolonged portal hypertension
sometimes leads to the formation of Gamna-Gandy nod-
ules. These are brown-yellow, siderin-laden fibrous nod-
ules within the sinus, apparently caused by micro-
haemorrhaging. (see chapter 11)

Fig. 14.7: Splenic tumour in portal hypertension following post-
hepatitic liver cirrhosis

5.2 Portacaval collateral circulation

Portacaval collaterals represent the final stage of pres-
sure-induced changes to the portal vessels. Initial dila-
tion of the small portal vein branches is followed by
the development of meandering vessels. This produces a
compensating gain in vascular volume. In the long term,
however, the thin-walled portal vessels are unable to
withstand the elevated portal venous pressure. As a
result, portacaval anastomoses form, which ultimately
culminate in varices and frequently also in extensive col-
lateral circulation. In addition to this, the portal vein
itself occasionally develops different degrees of ectasia.
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Forms Portal WHVP Spleno- Oesophageal Ascites
pressure megaly varices

1. Prehepatic portal
hypertension � N �� �� �, (�)

2. Intrahepatic portal
hypertension
� presinusoidal � N � �� (�)
� sinusoidal � � �� ��� ���
� postsinusoidal �� �� �� ��� ���

3. Posthepatic portal
hypertension � � � �� ��

Tab. 14.9: Haemodynamic and clinical findings in
the 5 localized forms of portal hypertension (ele-
vated hepatovenous pressure gradient � >9 mm
Hg; increased risk of oesophageal varix bleeding
� >12 mm Hg) (N � normal; � � not present)

However, this reaction is generally accompanied by
fibrosis and increased elasticity of the vessel wall. Portal
hypertension leads to the dilation and reopening of
veins which connect the portal vein system to the super-
ior or inferior vena cava. Hence collateral circulation
develops in the region of the oesophagus and gastric
fundus as well as in the intestinal tract, retroperito-
neum, lungs, spleen and kidneys, and at the anterior
abdominal wall. (s. p. 253) (s. tab. 14.10) (s. figs. 7.5;
14.11, 14.12; 16.9)

Cranially draining collaterals
1. coronary gastric vein � azygous vein � short

gastric veins � azygous vein
2. paraumbilical
3. portocoronary
4. portorenal
5. veins of Glisson’s capsule, splenic capsule and diaphragm

Caudally draining collaterals
1. paraumbilical
2. gastrolienal
3. splenorenal
4. superior and inferior mesenteric veins � Retzius veins �

ovarian/spermatic vein � haemorrhoidal venous plexus

Tab. 14.10: Possible formation of portacaval collaterals

5.2.1 Oesophageal and gastric varices

The collateral circulation described by H. Eppinger (1937)
leading to the formation of oesophageal and fundic vari-
ces is still valid. (s. fig. 14.8) The hepatofugal blood flow
of the portal vein passes through the coronary gastric
vein to the perioesophageal venous plexus, which can
form varices of the fornix or fundus. The blood is trans-
ported to the submucosal venous complex in the lower
oesophagus. There are collaterals to the spleen via the
short gastric veins. Anastomoses lead from the lower
third of the oesophagus to the azygous and hemiazygous
vein. In the central third of the oesophagus, a varicose
venous plexus is formed due to stasis of the hepatopetal
blood flow. From here, anastomoses run to the pericar-
dial and intercostal veins as well as to the superior medi-
astinal and the diaphragmatic veins. These vessels con-
duct the blood to the azygous and hemiazygous veins,
draining the entire blood flow into the superior vena cava.
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At the junction between the central and upper third of the
oesophagus, the oesophageal varices disappear. This is a
result of the balance of pressure with the right atrium cre-
ated by the azygous vein. In line with the caudocranial
blood flow, these oesophageal varices are also referred to
as “uphill” varices (V. Buchtala, 1950) or as type I varices.
The pressure in the oesophageal varices is temporarily
raised by the ingestion of food and by an intra-abdominal
increase in pressure (e.g. coughing, straining, lifting heavy
loads). However, the pressure in the oesophageal varices
is not raised in the head-down position. (40, 117, 123, 132)

Fig. 14.8: Diagram showing the formation of oesophageal varices
in portal hypertension (modified from H. Eppinger, 1937) • OV �
oesophageal veins; SC � superior vena cava; SV � splenic vein;
PV � portal vein; 1 � coronary gastric vein; 2 � perioesophageal
venous plexus; 3 � submucous venous complex in the lower
oesophagus; 4 � short gastric veins; 5 � hemiazygous vein; 6 �
azygous vein; 7 � venous plexus of the central oesophagus

Oesophageal variceal pressure: The size of the oesophageal varices
does not correlate with the magnitude of the portal venous pres-
sure, but it does correlate with the oesophageal variceal pressure.
This measurement is defined as the difference in pressure between
the oesophageal lumen and the varix lumen. Measuring is done by
fine-needle aspiration of a varix and the use of an extracorporeal
pressure recorder. The procedure is technically simple and reliable;
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it does not precipitate bleeding. Intravariceal pressure levels are a
key factor in predicting variceal bleeding. (98) Measuring by way
of a pressure sensor applied directly only yields valid results with
large varices.

The frequency, localization and severity of oesophageal
varices determine the life span of patients with portal
hypertension. Oesophageal varices can be detected in
about 80% of patients (i. e. some 20% of patients sur-
prisingly do not present varices). In 90�95% of cases,
the varices are located in the lower and central thirds of
the oesophagus. The simultaneous occurrence of gastric
fundic varices is only observed in 5�10% of patients.
Regression of oesophageal varices (e. g. after alcohol
abstinence) may occur.

The radiographic detection or monitoring of oesophageal
varices using contrast medium is only carried out in rare
cases (after immobilizing the oesophagus by medica-
tion). When this procedure is applied, the areas of the
cardiac and fornix fundus should be carefully examined.
(s. fig. 14.9)

The best method of detection is oesophagogastroscopy. (s.
fig. 14.10) Localization, extent and severity of varices can
be reliably determined with this method. (42, 130) The lit-
erature features a number of staging schemes, most of
which have been developed empirically. (quot. 130) The
main assessment criteria (with differing degrees of
emphasis) are: length extension, vessel diameter, vari-
ations in diameter, number and colour of varices, mucosal
changes (red spots, folding). Three-dimensional venous
imaging (luminal prominence, length extension, diam-
eter) can also be carried out. According to a well-
accepted classification (1988), the criterion for stage I is
defined as the possibility of depressing and squeezing out
the varices, while stage II is characterized by the absence
of this possibility. The circular enlargement of varices is
defined as stage III. (s. tab. 19.6)

� Downhill varices: The so-called downhill varices (B.
Felson et al., 1964), which only occur in the proximal third
of the oesophagus, are of both diagnostic and clinical
significance. They were first described by M. Israelsky

and H. Simchowitz in 1932. These varices do not result
from portal hypertension, but are due to an elevation
of pressure in the superior vena cava. This leads to a
craniocaudal “downhill” blood flow. If there is an
obstruction of the superior vena cava and/or the azy-
gous vein, the blood flows from the head, neck and
mediastinal region via the inferior thyroid vein and the
mediastinal collateral veins into the oesophageal veins
and then via the coronary gastric veins (hepatopetally)
into the portal vein (� type II). Causal factors are goitre
or recurrent goitre (45�60%), mediastinal fibrosis and
malignant tumours with mediastinal lymph nodes
(25�35%).

Type IIa is characterized by the patency of the azygous
vein. Varices are only found in the upper third of the
oesophagus. Retrosternal goitre has proved to be the
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Fig. 14.9: Moderately dilated oesophagus with irregular surface.
Numerous, differently sized filling defects as a result of varices

Fig. 14.10: Oesophagogastroscopy: pronounced varicosis (degree
of severity III) in the lower third of the oesophagus

most frequent cause. A superior vena cava syndrome is
generally not detectable. • Type IIb is produced by the
additional occlusion of the azygous vein. The entire
blood volume must now be redirected to the inferior vena
cava. • Although downhill oesophageal varices mainly
occur in the upper third section, they often spread over
the entire oesophagus in relation to the severity of the
neck vein distension and the duration of the pathological
condition. They are generally very pronounced and hence
represent a genuine differential diagnosis of oesophageal
varices in portal hypertension. The vertebral venous
plexus and the thoracic veins are also used for drainage of



Chapter 14

the blood. • Bleeding from downhill oesophageal varices
is rare, since (1.) there is a smaller blood volume with a
lower pressure in the region of the superior vena cava, (2.)
there is generally no coagulation disorder, and (3.) the
mechanical burden in the upper oesophageal third is con-
siderably lower. Bleeding is, however, quite possible in
type IIb. • For this reason, clarification of oesophageal
varices should always take into account the clinical pic-
ture of downhill oesophageal varices from the pathogenic
and prognostic viewpoints. (29, 31)

5.2.2 Anorectal varices

Blood from the haemorrhoidal venous plexus passes via
the azygous superior rectal vein into the inferior mesen-
teric vein and thereafter into the portal vein. By contrast,
the paired middle rectal vein and inferior rectal vein dis-
charge their blood via the iliac vein into the inferior vena
cava. In portal hypertension, anorectal varices are found
in the region of the rectum, the anal canal and the exter-
nal anal region. • Haemorrhoids are distended and dislo-
cated cavernous bodies in the rectum, which have no con-
nection to the portal venous system. • Although
haemorrhoids and anorectal varices are two different
clinical pictures, it is quite possible for them to occur
simultaneously. The frequency of anorectal varices
(40�80%) is dependent upon the extent and duration of
portal hypertension. The bleeding tendency is low
(7�14%). However, there have also been reports of mas-
sive haemorrhages. (21, 45, 55, 66, 83, 105, 156) (s. tab. 14.10)

5.2.3 Intestinal varices

Varices occasionally occur in the stomach (122), duode-
num (59, 148), small intestine, gall bladder (84) and colon
(18, 45, 48, 63, 146) � excluding the transverse colon � as
well as in the proximity of operative anastomoses or
stomata. This generally involves collaterals between the
branches of the inferior or superior mesenteric vein and
small veins leading to the inferior vena cava. Colonic
varices, which have not been detected endoscopically
can be demonstrated by visceral angiography with a sen-
sitivity of about 95%.

5.2.4 Abdominal wall varices

Pronounced anastomoses can develop between the mes-
enteric veins and the anterior abdominal wall. This is
largely a result of spontaneous or postoperative adhe-
sions (so-called spontaneous Talma effect). (s. figs. 7.4;
14.11) Reopening of the umbilical vein in the round liga-
ment (s. fig. 14.12) causes anastomoses to form with the
epigastric veins in the anterior abdominal wall. (101) This
can occasionally result in caput Medusae: radial, bluish,
tortuous vessels, which are sometimes slightly raised and
sometimes nodally varicose, leading from the navel to the
abdominal wall. Generally, however, only a few larger
collateral vessels are detectable as opposed to a complete
caput Medusae. (s. p. 87) (s. fig. 14.13)
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Fig. 14.11: Postoperative adhesions in the region of the abdominal wall
with “spontaneous Talma effect” resulting from portal hypertension

Fig. 14.12: Dilation and convolution of the small veins in the re-
gion of the round ligament (� teres) with recanalization of the
umbilical vein resulting from portal hypertension (s. fig. 6.7)

Fig. 14.13: External caput Medusae in liver cirrhosis. • The thick
paraumbilical vein (diameter 2 cm) is shown subcutaneously at the
exit of the vessel from Glisson’s capsule. The colour-encoded vessel
with a varicose enlargement at the exit point of the paraumbilical
vein from Glisson’s capsule is visible immediately below the ventral
layers of the abdominal wall
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5.2.5 Retroperitoneal varices

There is a direct blood flow from the veins of the colon
into the inferior vena cava via anastomoses with retro-
peritoneal veins.

5.2.6 Splenorenal varices

In about 5% of cases, blood passes through the short gas-
tric veins to the splenic vein and then through other col-
lateral veins to the left renal vein (� spontaneous spleno-
renal shunt).

5.2.7 Retzius’ veins

Distally, the suprarenal veins and Retzius’ veins provide
a pathway into the inferior vena cava via the renal vein.
The Retzius’ veins act as anastomoses between the portal
vein branches in the intestinal and mesenteric regions and
the branches of the inferior vena cava. (57)

5.2.8 Sappey’s veins

These veins are located between the surface of the liver
or spleen and the diaphragm. They are used for collateral
circulation. Drainage takes place into the inferior vena
cava.

5.2.9 Bronchial varices

Tracheobronchial varices with haemoptysis in alcoholic
cirrhosis with portal hypertension were reported for the
first time in 1994. (160)

5.2.10 Biliary varices

Biliary varices are defined by means of endosonography
as serpiginous, anechoic vascular channels in and/or sur-
rounding the extrahepatic biliary ducts as well as the gall
bladder. (36, 63, 106, 157) (s. p. 258)

5.2.11 Sublingual varices

Sublingual varices may be a rare source of expectorated
blood in portal hypertension. (60)

5.3 Formation of hepatic lymphcysts

Particularly in intrahepatic portal hypertension, the por-
tal vein system is relieved by an increase in hepatic lymph
formation. The hepatic lymph flow is raised up to 7 ml/
min (about 8 times the normal level), and the lymphatic
pressure rises to 18 cm H2O (normal value 11.6 cm H2O).
The increase in lymphatic pressure leads to the formation
of lymphcysts on the surface of the liver. Lymph, which is
rich in albumin, is then able to drip from these lymphcysts
into the abdominal cavity. (s. p. 291) (s. fig. 16.5)

5.4 Portal hypertensive vasculopathy

Endoscopic examination of the gastrointestinal tract
often reveals erosion in the form of portal hypertensive
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intestinal vasculopathy. (52, 147) These findings correlate
with the degree of severity of portal hypertension. Intes-
tinal erosion is generally the cause of a positive blood
test in the faeces of patients with cirrhosis (� occult
bleeding). In portal hypertensive gastropathy (frequency
20�30%), hyperaemic mucosa is in evidence due to dila-
tion of the vessels and submucosal arteriovenous shunt
formations. There is a mosaic-like pattern with small
polygonal areas, surrounded by a whitish-yellow
depressed border. Red marks (� lesions) signify a high
risk of bleeding. These changes can usually be detected
in the fundus, but may extend throughout the stomach.
Hypoxaemia of the mucosa increases its susceptibility
to aggressive elements. Numerous petechial lesions with
punctiform deposits of haematinized blood are observed
on the otherwise apparently intact gastric mucosa. (39,
114, 139) Levels of prostaglandin E2 in the mucosa are
reduced. (155) (s. fig. 14.14)

About 10% of patients with cirrhosis have ulcers that
bleed, whereas in 20�25% of cases, bleeding is caused
by portal hypertensive gastropathy. (3, 5, 24, 38, 49, 53, 109,
129, 141, 149) • Erosive vasculopathy can also be detected
endoscopically in the region of the colon as portal
hypertensive colonopathy. (11, 45, 67, 111, 135) Bleeding
following vasculopathy of this kind requires local meas-
ures (e. g. laser), medication or shunting.

5.5 Pathophysiological sequelae

� Portosystemic collaterals can divert up to 80% of the
portal vein blood away from the liver. This initially
results in haemodynamic disorders with subsequent
(multifactorial) hyperdynamic splanchnic circulation.
More and more varices develop around the bypasses in
various venous areas, primarily in the form of oesopha-
geal varices. Damage to the mucous membrane in the
stomach and in the colon takes the form of hypertensive

Fig. 14.14: Portal hypertensive gastropathy with linear and patch-
shaped erosions
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gastropathy/colopathy. Rechannelling of the umbilical
vein leads to the Cruveilhier-von Baumgarten syn-
drome. (47) (s. tab. 14.8)

� A grave consequence of collateral circulation is the
reduced detoxification of exogenously administered
noxae or endogenously produced toxins. This can lead
to the development of latent, or eventually manifest,
hepatic encephalopathy or neuropathy as well as to add-
itional toxically mediated liver damage, or even liver
insufficiency. • Impairment of biotransformation may
cause unpredictable changes in the pharmacokinetics of
medicaments or indeed trigger adverse drug reactions
and interactions. (s. p. 52)

� In addition to this, the occurrence of collateral circu-
lation induces a protracted derangement of the numer-
ous RES functions. (s. p. 65) As a result, the clearance
capacities of activated coagulation products and inhibi-
tors of the coagulation and fibrinolysis systems are
reduced. Besides this, changes in the intrahepatic vascu-
lar architecture lead to a disorder of the portal microcir-
culation and trigger intravascular coagulation. (70) (s. p.
344) The increased RES activity results in hypergamma-
globulinaemia and the subsequent inhibition of albumin
synthesis. Inadequate elimination of endotoxins leads to
endotoxinaemia with damage to the biological mem-
branes, interference in hepatocellular metabolic pro-
cesses, development of vasoactive substances, haemoly-
sis, coagulopathy, etc.

� Portosystemic collaterals also divert hormones past
their target organ, the liver, with the result that they do
not fully develop their activity (e. g. insulin and gluca-
gon) or are not broken down and eliminated (e. g. aldo-
sterone and steroids).

� Portopulmonary hypertension (PPH) is defined as a
secondary form of pulmonary hypertension in patients
with portal hypertension. It is characterized by in-
creased pulmonary vascular resistance in normal pul-
monary capillary wedge pressure. Pulmonary hyperten-
sion typically features an anatomically fixed pulmonary
vasoconstriction. The vascular changes depend on (1.)
vasoconstriction, (2.) structural remodelling of the pul-
monary arteries (fibroelastosis of the intima, hyperpla-
sia of the media), and (3.) formation of microthrombi.
Thus the histological changes are similar to those found
in primary pulmonary hypertension. • Frequency of
PPH in cirrhosis is 2�5%. Diagnosis is established using
Doppler echocardiography and right heart catheteriza-
tion. Prognosis is poor. In some patients, it was possible
to improve the pulmonary blood flow by means of i.v.
prostacyclin. (50, 112) (see chapter 18)

5.6 Portal biliopathy

Portal biliopathy as an entity was first described by S.K.
Sarin et al. in 1992. This condition may be observed in
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portal hypertension, particularly in patients with extra-
hepatic portal vein obstruction. Such changes have also
been reported, however, in a milder form in non-cir-
rhotic fibrosis, congenital hepatic fibrosis and cirrhosis.

The venous drainage of the common bile duct is guar-
anteed both by an paracholedochal Petren’s venous
plexus (T. Petren, 1932; quot. 21) and a pericholedochal
Saint’s venous plexus (J.A. Saint, 1961; quot. 21). The veins
of these plexuses vary in size, but their diameter is usu-
ally no larger than 1 mm. • The development of portal
hypertension leads to the opening of numerous collat-
erals. (s. pp 253�256) Likewise, the formation of varices
in these plexuses may be observed. The first description
of choledochal varices with subsequent compression of
the common bile duct was given by A.H. Hunt in 1965.
The same process causes collaterals around the gall
bladder and the bile ducts.

The bile duct wall is thin and pliable, thus allowing pro-
trusion of the varices into the lumen (a picture resembling
oesophageal varices). This results in partial (and occa-
sionally complete) bile duct obstruction, a condition
which explains the usual clinical features: abdominal
pain, recurrent fever, jaundice, increase of γGT and AP.
It should be noted, however, that most patients are
asymptomatic at onset and indeed for a long period after
that. Development of choledocholithiasis is a frequent
sequela. It is the cause of recurrent cholangitis and subse-
quently of secondary biliary cirrhosis. Therefore, in
patients with portal hypertension who show signs of bili-
ary obstruction (clinical, biochemical, sonographical,
cholangiographical), portal biliopathy may well be sus-
pected. Sonography and MR-cholangiography, if neces-
sary ERC, are essential for establishing the diagnosis.

Therapy : Asymptomatic patients do not need any treat-
ment. With symptomatic patients, it is important to use
therapeutic strategies which are directed towards the
predominant symptoms. These include removal of gall-
stones by means of sphincterotomy (beware of varices!),
antibiotics, placement of a stent, cholagogue agents,
TIPS and surgical techniques. (21, 36, 63, 106, 157)

6 Therapy

The underlying cause of portal hypertension must first
be found. Elimination of this cause (if possible) is even
more important than treating the portal hypertension
itself.

6.1 Conservative therapy

In cases of acute thrombosis, fibrinolytic therapy may
occasionally be necessary.

Both vasodilators and vasoconstrictors can be used in
the medicinal therapy of portal hypertension. However,
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the extensive literature available is limited almost exclu-
sively to their use in treating oesophageal varix bleeding;
less attention is paid to long-term therapy with the
objective of lowering portal hypertension. The combin-
ation of β-blockers with, for example, nitrovasodilators,
α-adrenergic antagonists or spironolactone leads to an
additional decrease in the portal venous pressure. (6, 15,
22, 38, 69, 128, 163) (s. tab. 14.11)

Clonidine � α2-adrenergic agonist
Isosorbide dinitrate � nitrovasodilator
Isosorbide-5-mononitrate � nitrovasodilator
Molsidomine � nitrovasodilator
Nadolol � β-blocker (nonselective)
Prazosin � α1-adrenergic antagonist
Propranolol � β-blocker (nonselective)
Spironolactone � aldosterone antagonist
Terlipressin � vasopressin derivative

Tab. 14.11: Substances for lowering portal hypertension

Propranolol, which was used for the first time by D.
Lebrec et al. in 1980, brings about an approx. 50% reduc-
tion in portal venous pressure in some two thirds of
patients. Dosage is established in line with the slowing-
down of the heart rate (to about 25% less than that of
the initial value, but not below 55/min). Propranolol
also appears suitable for preventing erosive gastropathy.
(6) In cases of bleeding, intravenous administration of
terlipressin should be considered. (s. pp 360, 361)

Nadolol has also been shown to reduce portal venous
pressure. Gradually increasing the dosage to 2 x 1 mg/
day is usually sufficient. (1)

Clonidine is an α2-adrenergic agonist and can therefore
be used effectively in portal hypertension at an average
dosage of 0.075�0.3 mg/day.

Prazosin belongs to the α1-adrenergic antagonist group
and can also be administered in portal hypertension at
an average dosage of 2�4 mg/day.

Molsidomine is a prodrug. This substance is especially
effective due to the fact that no tolerance develops. It
leads to a fall in portal pressure of up to 40%, even after
long-term use. Administration of this substance (e. g. 2
x 8 mg/day) is therefore recommended. (56) (s. p. 361)

Spironolactone is used as the basic medication in liver
cirrhosis. By means of this therapy (upwards of 50 mg/
day), it is possible to achieve a reduction in pressure in
the portal system of about the same magnitude as with
propranolol. (1, 64) (s. p. 306)

Total abstinence from alcohol (an absolute “must”) can
have a long-lasting beneficial effect in lowering elevated
portal pressure values.

� These recommendations regarding medication are
limited by the respective pharmacological properties,
interactions and unwanted side effects. Such factors
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must always be taken into account. Therapeutic expec-
tations with regard to adequate and constant reduction
in portal pressure should not be set too high. Never-
theless, every possibility to reduce elevated portal
venous pressure should be exploited.

6.2 Invasive therapy

In systemic diseases, splenectomy has to be considered.
A shunt operation may be indicated in haemorrhage-
free intervals. A proven alternative to the operative
shunt is the transjugular intrahepatic portosystemic
stent shunt.

Transjugular intrahepatic portosystemic stent shunt
(TIPS) is available as an invasive therapy for portal
hypertension. This concept has now been methodolog-
ically standardized. The success rate is extremely high.
By means of balloon-expanded stents, portal decom-
pression can be adapted to the respective situation in
every single patient. The Palmaz stent can be placed
with an accuracy of one millimetre; its diameter can also
be adjusted in millimetre increments. The Wall stent can
be used as an alternative in individual cases. Indications
for this therapy in portal hypertension, where there is a
persisting danger of variceal bleeding, are: (1.) lack of
success with all medication therapy, including repeated
sclerotherapy, (2.) inoperability in terms of a shunt
operation, (3.) when a liver transplantation is not feas-
ible, and (4.) bridging the time gap before an indicated
liver transplantation. However, in up to 50% of patients,
the period from stenosis to stenting ranges from 6 to 24
months; the stent must therefore be monitored con-
stantly. (141) (s. pp 314, 362)

Shunt operations: Surgical shunts are only to be consid-
ered in cases where iatrogenic refractory bleeding occurs
after all forms of conservative therapy have failed. A
therapeutic shunt is only justified in the form of a
(delayed) emergency shunt following massive haemor-
rhage or as an elective shunt following bleeding. Porto-
systemic anastomoses are carried out in the form of a
complete shunt (i. e. without maintaining residual portal
perfusion) or as an incomplete shunt (i. e. maintaining
residual portal perfusion with only a slight fall in the
portal pressure). Portacaval end-to-side anastomosis as
a complete shunt is technically the most simple and also
the safest form, with the lowest risk; the thrombosis rate
is less than 2%. (s. p. 363) A central total shunt is more
successful in variceal bleeding or ascites (but there is a
greater tendency for postoperative HE). A peripheral
shunt reduces the tendency to bleed, but may cause
deterioration of status in patients with ascites (however,
HE is less frequent). A central shunt should not be car-
ried out on patients who are scheduled to have a liver
transplantation. There is no indication for prophylactic
shunting or sclerosing of oesophageal varices before
bleeding. (104) (s. p. 870)
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Liver transplantation not only removes the continued
risk of variceal bleeding, but also eliminates the underly-
ing liver disease causing portal hypertension. However,
due to the scarcity of liver donors, limited financial
resources and the life-long immunosuppression re-
quired, this major surgical intervention can only rarely
be considered � perhaps in cases where a previous
shunt operation or the creation of a TIPS was not pos-
sible. The survival rate for transplantation is higher than
when recurrent bleeding is treated by repeated sclero-
therapy (73% versus 17% after 4 years). The indication
for transplantation (e. g. cirrhosis Child B or C) should
be set as early as possible. (s. p. 872)
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15 Hepatic encephalopathy

It seems that even HIPPOCRATES may have recognized a rela-
tionship between liver disease and brain disorder when he
noted: “depravedness of the brain arises from phlegm and bile”.
• One can also quote SHAKESPEARE, who wrote in Twelfth Night
(1605): “I am a great eater of beaf but I believe that does some
harm to my wit.” • Such a form of “meat intoxication” was first
described by N.V. Eck (1877) as being the cause of a subsequent
neurologic syndrome in dogs with a portacaval shunt, which
had been fed on a diet of meat.

� Cerebral symptoms in the wake of liver diseases were already
described by F. Th. Frerichs (1861) and H. I. Quincke (1899) as well
as over the following decades by E. Pollak (1927), H.-J. Scherer

(1933), G. Zillig (1947), V. Gaustad (1949), R. D. Adams et al. (1949),
J. M. Walshe (1951), S. Sherlock et al. (1954), E. A. Davidson et al. (1956)
(23), F. Erbsloeh (1958, 1974), G. A. Martini (1975) (63), and others.

Such terms as “hepatargy”, “leucoencephalopathy”,
“shunt encephalomyelopathy” and “encephalomyelo-
pathy” were put forward to classify these central ner-
vous disorders. • The term portosystemic encephalopathy
was introduced by S. Sherlock (1954). Changes in the
central nervous system which occur after a long course
of disease were also termed “chronic hepatoportal ence-
phalopathy”. In line with neuropsychiatric definitions,
preference is given to the term “hepatic (portosys-
temic) encephalopathy”.

1 Definition

Encephalopathy is defined as a pathological non-
inflammatory brain disease resulting from hetero-
geneous pathological effects, which involve various
neurological and/or psychic symptoms. In itself, this
term says nothing about the aetiopathogenesis, nor
about the respective regions of the brain affected.

Hepatic encephalopathy (HE) is defined as the totality
of all cerebral dysfunctions which can occur during
the course of serious � acute or chronic � liver dis-
ease. The neurological and mental symptoms, which
as a rule are potentially reversible, can be witnessed
to varying degrees of intensity and in different com-
binations, so that it is possible to subdivide hepatic
encephalopathy into several well-defined grades of
severity or distinct stages. Clinical symptomatology
ranges from moderate neuropsychiatric disorders
through to coma.

1.1 Causes of encephalopathy
Encephalopathy can be triggered by (1.) degenerative causes (cere-
bral sclerosis, arterial hypertension, diabetes, etc.), (2.) hypoxaemia
(chronic cardiac insufficiency, constrictive pericarditis (2), respira-
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tory insufficiency, chronic anaemia, etc.), (3.) metabolic causes (en-
zymopathies, endocrine disorders, hypokalaemia, hyponatraemia,
acidosis, alkalosis, exsiccosis, hypercapnia, paraproteinosis, etc.),
(4.) traumatization (Friedmann’s vasomotor syndrome, boxer’s
encephalopathy, etc.), (5.) toxic causes (alcohol, lead, organic
solvents, bismuth, mussels contaminated with domoic acid, burn-
related toxins, bilirubin [� kernicterus], vidarabine, uraemia, infec-
tious diseases, liver insufficiency, etc.), and (6.) cerebral causes (in-
tracranial space-occupying lesions, alcohol withdrawal syndrome,
manic depression, schizophrenia, etc.).

All in all, more than 50 possible kinds of damage are
known to cause encephalopathy. This large number
of aetiological possibilities has to be considered when
setting up the differential diagnosis, especially since
symptomatology, therapy and prognosis are always
determined by the respective underlying cause.

1.2 Impaired consciousness
Consciousness is defined as the totality of mental and emotional
processes perceived as current events in combination with an
awareness of the subjectivity of experience. • Quantitatively im-
paired consciousness is the collective term for disturbances in
awareness (� restricted vigilance). This condition is characterized
by a limited readiness to show interest and concern, restricted at-
tentiveness and impaired elements of consciousness. The activity
of the ascending reticular system of the reticular formation is
compromised, a condition which is generally accompanied by
changes in the electroencephalogram (EEG). Moreover, disorders
or loss of function are displayed in the area of the cerebral hemi-
spheres and/or their afferent pathways, which are responsible for
the subjective sensation of consciousness. • Differentiation is made
between four types of clouded consciousness (W. Hacke, 1986):

1. Disorientation: A slight degree of impaired of consciousness
without clouding, yet with impediment to and deceleration of
mental capacity and memory, compromised perception and reac-
tivity (transitional psychosis).

2. Somnolence: Disorientation with additional, abnormal sleepi-
ness, though arousal is still possible, and there can be memory
gaps. • Lethargy is deemed to be the tendency to sleep without
interruption, with greatly reduced mental/emotional responsive-
ness and absence of arousal reaction to normal stimuli.

3. Sopor: A condition resembling deep sleep with short-term at-
tempts at orientation when being addressed, orderly movements of
defence in reaction to pain � yet with no capability to react spon-
taneously.

4. Coma: Impaired consciousness of the most serious nature with
long periods of profound unconsciousness and unresponsiveness
to any form of address through to the absence of pain reaction
and reflexes. • The term stupor is used to denote a disease with
total absence of physical and/or mental activity due to loss of
drive, yet with full consciousness. Amimia, lack of spontaneity,
unresponsiveness to external stimuli or attempts at establishing
contact, and mutism are witnessed. • Stupor is also deemed to be
unconsciousness of cerebro-organic origin, as for example in a ser-
ious transitional syndrome; it may be regarded as a physically sub-
stantiated, non-specific psychosis.
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2 Pathogenesis
� As early as 1904, C. Neuberg and P. F. Richter reported on an
increase in amino acids in the blood in cases of hepatic coma.
These results were subsequently confirmed, arousing biochemical
interest in this clinical picture (J. Feigl et al., 1917; F. Umber, 1922; K.
Hoesch, 1931). A rise in xanthoprotein (K. Hoesch, 1931) and am-
monia (E. Kirk, 1936; E. J. Conway et al., 1939) was also observed.
Application of ammonia salts resulted in a temporary restriction
of in consciousness in a cirrhotic patient (C. Van Caulaert et al.,
1932). From the wealth of results published, mention should be
made of the detection of hypokalaemia and hypomagnesaemia,
increases in pyruvic acid, cystine, methionine and glutamine, dis-
ruptions of the acid-base balance, and the higher levels of free
amino acids in the serum. It was previously assumed that toxins
absorbed by the intestine were inadequately detoxified in the dis-
eased liver and, as such, reached the brain through the blood circu-
lation, where they ultimately had a toxic effect (T. L. Murphy et al.,
1948; D. J. Farquhar et al., 1950).

Preconditions

1. Severe (acute or chronic) liver disease
and/or:

2. Portosystemic collateral circulation

Pathogenic factors

1. Endogenous neurotoxins �
� ammonia
� mercaptans, methionine derivatives
� short- or medium-chain fatty acids
� phenols, phenol derivatives

2. Amino acid imbalance
� aromatic amino acids �

� phenylalanine, tyrosine,
methionine, tryptophan

� branched-chain amino acids �
� leucine, isoleucine, valine

3. Disturbances of neurotransmitters
� false neurotransmitters �

� octopamine, phenylethanolamine, etc.
� excitatory neurotransmitters �

� dopamine, noradrenaline
� inhibitory neurotransmitters �

� serotonin, GABA
4. Change in postsynaptic receptors

� benzodiazepine receptor activity �
� picrotoxin

5. Alteration in the blood-brain barrier
� change in permeability
� compromised substrate transport

Tab. 15.1: Preconditions for hepatic encephalopathy and its devel-
opment as a synergy of multiple pathogenic factors

2.1 Preconditions

� The occurrence of hepatic encephalopathy (HE) is
only possible under the following conditions: (1.) a seri-
ous (acute or chronic) liver disease, in which the detoxi-
fication function is significantly restricted, has to be
present, and/or (2.) a functional or anatomic porto-
systemic collateral circulation must exist � this can be
placed surgically or in the form of a TIPS (72, 90) �
through which the nondetoxified portal blood bypasses
the liver, so that toxic substances can reach the brain.
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In the presence of just one of these two conditions, the
occurrence of HE can be anticipated, depending on the
underlying disease. (s. tab. 15.1)

While hepatic encephalopathy is nearly always found in
acute liver failure, it can only be expected in some
25�40% of patients with a portosystemic shunt. When
these two preconditions coincide, as in the case of liver
cirrhosis, manifest hepatic encephalopathy is witnessed
in 30�50% of patients and a subclinical course of dis-
ease in 50�70%. In other words, the frequency, the de-
gree of severity and the course taken by HE depend on
the underlying conditions.

2.2 Hypotheses

With respect to the correlation between liver dis-
orders and the functions of the brain, discussion cur-
rently focuses on five hypotheses concerning the de-
velopment of hepatic encephalopathy: (1.) intoxi-
cation hypothesis, (2.) neurotransmitter hypothesis,
(3.) deficiency hypothesis, (4.) synergistic neurotox-
icity, and (5.) hypothesis of primary gliopathy.

1. Intoxication hypothesis: Substances which impair or damage the
functioning of the central nervous system are inadequately detoxi-
fied by the diseased liver and/or pass the liver unaltered by way of
existing collateral circulatory pathways. Differentiation should be
made here between (1.) ammonia-induced neurotoxicity and (2.)
synergistic neurotoxic interaction between ammonia, mercaptans,
short-chain fatty acids and phenols.

The so-called ammonia hypothesis was set up as early as 1952 (G. B.
Phillips et al.). (76) (see above: C. Van Caulaert et al., 1932)

2. Neurotransmitter hypothesis: Apart from a disorder of the post-
synaptic receptors, discussion centres on (1.) formation of false
neurotransmitters such as octopamine and phenylethanolamine
due to the accumulation of phenylalanine and tyrosine, (2.) de-
crease in excitatory neurotransmitters such as dopamine and nor-
adrenaline, and (3.) increase in inhibitory neurotransmitters, such
as GABA and serotonin.

3. Deficiency hypothesis: Substances which are essential to the
smooth functioning of the central nervous system are not pro-
vided, or are only inadequately provided, by a seriously damaged
liver. This hypothesis relates to the branched-chain amino acids as
well as cellular deficits of zinc, potassium, magnesium and unsatu-
rated fatty acids.

4. Synergistic neurotoxicity (L. Zieve, 1981): None of these substances
or mechanisms is “comagenic” in itself. Nevertheless, if present at
the same time � even in low quantities(!) � they can cause the
development of hepatic encephalopathy. The neurotoxicity of am-
monia can be enhanced by these substances. (115)

5. Primary gliopathy: This hypothesis (M. D. Norenberg, 1979, 1987,
1992) (73) has been backed up by recent examinations carried out
by proton MRI spectroscopy. (11, 28, 38, 55, 58, 88, 96) The cere-
bral detoxification of ammonia by means of glutamine formation
takes place in the astrocytes. The ammonia binds with α-ketoglut-
arate to form glutamate or is converted enzymatically via glut-
amine synthetase to form glutamine. Astrocytes are the sole cellular
elements of the brain which possess glutamine synthetase for am-
monia detoxification. The markedly increased accumulation of
glutamine in the glia cells is normally lowered by amino acid ex-
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change and then equalized by the compensatory output of inositol,
thus maintaining the osmotic balance. A constant surplus of am-
monia (with its osmotic potency) and hence also of glutamine
(with higher glutamine discharge from the CNS) will cause the glia
cells to swell due to increased water intake. The elevated glutamine
levels in the astrocytes cause glutamine to enter the liquor, where
it can be detected in high concentrations in patients with HE. At
the same time, there is a deficiency of glutamate at the synapse
with defective glutamatergic neurotransmission. This produces an
imbalance between excitatory and inhibitory activity, whereby the
latter (i. e. damping effect) is predominant. The reduction in intra-
cerebral inositol, which functions as an osmolyte in the brain, is
deemed to be the earliest sign of HE. Swelling of the glia cells alters
the cytoskeleton and compromises metabolic functions, transport
properties and gene expression. • Furthermore, hypoxia, hyper-
capnia, benzodiazepines, electrolyte disorders, inflammatory
mediators and manganese (56, 87, 100) can also cause a swelling
of the glia, so that a multifactorial pathogenesis is indeed given. (s.
p. 269)

2.3 Endogenous neurotoxins

The decreased hepatic metabolism of endogenous, ni-
trogenous neurotoxins together with their simul-
taneously increased formation in the intestine are
generally considered to be responsible for the devel-
opment of HE. Such neurotoxins include ammonia,
mercaptans, short-chain or medium-chain fatty acids,
phenols, etc. (s. tab. 15.1)

2.3.1 Ammonia

Ammonia is present either in its gaseous form (� NH3) or in its
ionized form (� NH4) (i. e. dissolved in water). Ammonia is pro-
duced in the small intestine as a catabolite of glutamine, whereas
in the large intestine, it is formed during the microbial breakdown
of proteins, amino acids and urea. It is primarily Escherichia coli
and Proteus mirabilis (as urease producers) which lead to the for-
mation of ammonia. Helicobacteria in the stomach and duodenum
are also urease producers, but the small amount of ammonia which
they generate cannot be detected in the plasma. Particularly during
physical exercise, considerable quantities of ammonia can be dis-
charged from the musculature. The forming of ammonia in the
kidney, minimal in itself, can, however, be considerably increased
by hypokalaemia and alkalosis. In the liver, ammonia is produced
through the breakdown of proteins and by the deamination of am-
ino acids � and is in turn immediately detoxified. As much as 99%
of the NH3 is found in the form of NH4

� ions. Levels of >100
µmol/l in arterial blood are regarded as pathological. (s. pp 56,
107, 862) (s. figs. 3.13, 3.14)

The detoxification of ammonia is largely effected by the synthesis
of urea and glutamine in the liver. These two metabolic pathways
are positioned heterogeneously in the liver acinus, i. e. they are
metabolically zoned. Periportal hepatocytes detoxify ammonia
with high capacity but low affinity. In contrast, central perivenous
hepatocytes (so-called scavenger cells) are free from urea cycle en-
zymes and mostly specialized in the synthesis of glutamine. How-
ever, this hepatic detoxification process (urea and glutamine
synthesis) is reduced by about 50% in cases of marked fatty liver
and by about 80% in cases of cirrhosis � with a simultaneous
increase in hepatic glutamine synthetase activity to more than 2�3
times the norm. This is where the tendency towards metabolic al-
kalosis arises. Some 20% of the urea present is hydrolyzed by the
bacterial flora of the colon, and the ammonia thus formed is once
again transported to the liver for detoxification. Part of the ammo-
nia is eliminated by uptake in the muscles. Some 70�90% of the
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ammonia is detoxified in the urea cycle. The remainder is trans-
formed into glutamine through glutamine synthetase and excreted
in the kidney or converted back by glutaminase into glutamine,
which is then available for glutamine synthesis again. (s. p. 58) (s.
figs. 3.12�3.15)

The extent of hyperammonaemia (NH3 �), and possibly
that of HE, hence depends on a number of factors:

1. nitrogenous intestinal content
2. change in the intestinal flora, with a greater popu-

lation of colibacillus and coliform gram-negative
bacilli in the colon (102) as well as helicobacter (18,
43, 65, 171), which can even ascend into the small
intestine (there is no relationship between Helico-
bacter pylori infection, ammonia formation and
HE) (s. pp 56, 62)

3. degree of disruption of liver function, as a result
of which adequate elimination of ammonia by the
urea cycle and glutamine synthesis can no longer
be guaranteed

4. compromised urea synthesis due to congenital or
acquired enzyme defects

5. extent of portacaval collaterals, through which por-
tal blood, rich in ammonia, enters the circulation
and hence the brain after bypassing the liver

6. shift in the dissociation equilibrium (pK � 8.9) as
a result of metabolic alkalosis with hypokalaemia:
NH�

4 v pH v NH3 � H�

7. presence of hyperglucagonaemia

� The neurotoxic effects of ammonia are attributed to the direct
influence of inhibitory and exhibitory neurotransmission and the
indirect influence of accumulated neurotoxic metabolites of trypto-
phan in the brain. Thus there is a certain correlation between
hyperammonaemia and HE. However, this general correlation is
not present in specific cases or in certain phases of HE. Ammonia
can pass the blood-brain barrier easily. Some 11% of the ammonia
in the arterial blood is metabolized in the brain (1.) by binding to
α-ketoglutaric acid during the formation of glutaminic acid and
(2.) by ATP-dependent amidating of glutamate during the forma-
tion of glutamine. • Of all biochemical parameters, the glutamine
level in the cerebrospinal fluid correlates best with the degree of
severity of HE. The neurotoxic effects of ammonia might thus be
attributed to the increased formation of glutamine: (1.) uptake of
glutamine (as inactive, false neurotransmitter) into the peripheral
nerve endings in place of excitatory glutamate, (2.) inhibition of
cerebral energy metabolism, possibly in the form of an energy defi-
cit due to compromised transport of reducing equivalents in the
mitochondria or reduction in the NADH/NAD quotients in the
mitochondria of the astrocytes due to ammonia (B. Hindfelt et al.,
1977), (3.) changes in the blood-brain barrier with increased perme-
ability for amino acids, above all tryptophan, and (4.) direct effects
on the neuronal membranes, possibly with a change in neuro-
transmitter receptors. These effects may largely be explained by the
hypothesis of primary gliopathy. • Ammonia also intervenes in the
metabolism of amino acids through glucagon and insulin. Hyper-
ammonaemia leads to increased glucagon secretion with a subse-
quent rise in gluconeogenesis and the resulting consumption of
gluconeoplastic amino acids as well as enhanced protein catab-
olism. The increase in gluconeogenesis itself effects a boost to the
secretion of insulin and this in turn generates an additional uptake
of branched-chain amino acids into the muscles, with a reduction
in these amino acids in the plasma. (11, 19, 27, 31, 33, 45�47, 62,
68, 110)
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� Recently, however, a correlation has been found between the
pH-dependent (gaseous) partial pressure of the arterial NH3

and the clinical degree of HE. (54) A recent study showed that
ammonia levels (arterial and venous) as well as arterial and
venous partial pressure of ammonia correlate with the severity
of HE. It was hereby demonstrated that venous sampling is
adequate for ammonia measurement. (75) Another study
suggests there is no significant difference between arterial and
venous ammonia levels or partial pressure of ammonia; no cor-
relation of these three ammonia values with HE was found. (71)

The actual extent of the increase and the toxicity of
non-ionized ammonia (NH3) are influenced by add-
itional factors:

1. Alkalosis: Alkalosis shifts the equilibrium between NH4
�

and NH3 to the non-ionized, toxic NH3 . Only this form is
able to pass the blood-brain barrier and the membrane of
the cerebral cells. (37) (s. fig. 15.2)

2. Hypokalaemia: Hypokalaemia increases the activity of renal
glutaminase, so that more ammonia is formed and trans-
ported back via the blood of the renal vein. A lack of potas-
sium in the brain cells is in itself a further cause of serious
cerebral dysfunction. (s. fig. 15.2)

3. Aldosterone: Hyperammonaemia acts as an additional
stimulus in aldosterone formation, so that a vicious circle is
created comprising hyperammonaemia � secondary aldo-
steronism � hypokalaemia � hyperammonaemia.

4. Catabolism: Increased catabolism of body protein leads to
the additional formation of ammonia.

5. Synergy: Endogenous neurotoxins display a synergistic ef-
fect, i. e. the neurotoxic concentration of ammonia always
depends on the concentration of the other endogenous
neurotoxins.

� Taking into account these additional factors, the
mechanisms described above may explain why as yet a
correlation between ammonia levels and the degree of
HE has only seldom been detected.

2.3.2 Mercaptans and methionine derivatives

Patients with HE often show an excessive (up to 30-fold) increase
in methionine in the serum, CSF and brain. The administration of
methionine in patients with cirrhosis may induce or aggravate HE.
Methionine sulphoxim, for example, is an inhibitor of glutamine
synthetase in the astrocytes. At the same time, cerebrotoxic oxi-
dation products are found, such as methionine sulphoxide and
methionine sulphoxim. Neurotoxic mercaptans (e.g. methanethiol,
ethylmercaptan, dimethyldisulphide) are formed from methionine
in the liver as well as by microbial action in the colon. It would
appear that hydrogen sulphide (H2S), and not methanethiol, is a
determinant mediator. These substances are greatly increased in
the serum, CSF, brain and urine. (10) • Dimethylsulphide or tri-
methylamine are mainly considered to be responsible for the typical
sweet odour of the hepatic foetor in the exspiratory air. (s. pp 87,
379)

2.3.3 Short-chain fatty acids

With hepatic encephalopathy, there is often an increase in short-
chain fatty acids such as propionate, butyrate, valerate and octa-
noate in the serum and CSF. They are formed as a result of in-
complete β-oxidation of long-chain fatty acids in the intestine.
They are not � or only inadequately � metabolized in the dam-
aged liver. The neurotoxic effect is based upon inhibition of vari-
ous enzymes (including enzymes of the urea cycle) and competitive
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inhibition in the binding of other toxins with albumin � and on
the displacement of tryptophan from its binding to albumin, with
a corresponding increase in free tryptophan in the serum and
brain.

2.3.4 Phenols and phenol derivatives

Phenols are largely formed in the intestine from the aromatic
amino acids tyrosine and phenylalanine. These amino acids are
generally elevated in the early stages of HE. Phenols are detoxified
in the liver by esterification with glucuronic acid and sulphuric
acid. In severe cases of HE, free phenols and phenol derivatives
are elevated in the serum and urine.

2.4 Amino acid imbalance

The liver plays an essential part in the metabolism of
amino acids. (s. p. 38) (s. tab. 3.6) For this reason, a shift
of the amino acid profile in the plasma has to be
reckoned with in severe liver diseases. There is clear evi-
dence of an increase in aromatic amino acids as well as
a reduction in branched-chain amino acids. (s. tab. 15.1)
Extrahepatic mechanisms (glucagon, insulin, lactate
acidosis, etc.) can also effect significant changes to the
amino acid spectrum. Multiple biochemical reper-
cussions may result from this, affecting the development
of HE. (8, 13, 45, 48, 53, 61, 68, 71)

Fig. 15.1: Branched-chain amino acid cycle and glutamate cycle in
the brain (A � astrozyte, N � neuron, BBB � blood-brain barrier,
GNT � glutamate neurotransmitter, BCAA � branched-chain
amino acids, BCKA � branched-chain keto acids) (150)

An increase in the aromatic amino acids phenylalanine and tyrosine
occurs due to the lowered hepatic uptake of enterally released
amino acids and their restricted catabolism in the liver. They are
also released to a greater extent from the muscles in cases of cir-
rhosis with catabolism. Furthermore, phenylalanine hydroxylase
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activity is reduced in the cirrhotic liver. Free aromatic tryptophan is
clearly elevated as a result of hypalbuminaemia, while the protein-
bound tryptophan is simultaneously suppressed by the elevated
concentration of short-chain fatty acids. Elevated cerebral trypto-
phan levels enhance the synthesis of serotonin. This substance,
which acts as a depressant agent, causes fatigue and somnolence.
Increased AAS in the brain inhibits tyrosine-3-monooxygenase
and induces the formation of false neurotransmitters (e.g. octapa-
mine, phenylethanolamine). (31, 75) • Because of bacterial putre-
faction in the intestine, the volatile catabolites indole and skatole
are produced from tryptophan, often giving the stools of the cir-
rhotic patient an intense smell.

The reduction in the branched-chain amino acids leucine, isoleucine
and valine is caused by the higher clearance rate in HE, probably
as a result of a hyperammonaemia-related increase in the secretion
of insulin. These amino acids compete with the aromatic amino
acids for a common carrier system through the blood-brain bar-
rier. Because of the decrease in branched-chain amino acids, more
aromatic amino acids reach the brain. This process is stimulated
by ammonia. (s. fig. 15.1) (s. tab. 15.1) However, such an abnormal
amino acid ratio can also be found in patients without HE.

2.5 Disturbances of neurotransmitters

Biochemical processes at the intersections (� synapses)
between nerve cells as well as between nerve cells and
the plasmalemma of other cells trigger the conduction
of action potentials. The synapse comprises a pre- and
postsynaptic part, separated by the synaptic gap. The
neurotransmitters (noradrenaline, dopamine, serotonin,
γ-amino butyric acid, etc.) are released from the presyn-
aptic area into the synaptic gap and effect a change in
permeability for ions (inflow/outflow) at the postsynap-
tic membrane, with changes in the bioelectrical mem-
brane polarization. The transmitter effect is enzymati-
cally stopped, with subsequent repolarization of the
membrane. Up to now, about 80 neurotransmitter sys-
tems have been detected in the brain. The most impor-
tant forms of neurotransmission are: (1.) GABAergic,
(2.) glutamatergic, (3.) dopaminergic, and (4.) serotonin-
ergic. Excitatory and inhibitory neurotransmitters are
found together with their corresponding receptors. In
cases of HE, the balance between the two systems possi-
bly shifts in favour of the inhibitory transmitters.

2.5.1 False neurotransmitters

The hypothesis of false neurotransmitters (J. E. Fischer et al., 1971)
(26) is founded on the complex shifting of the profile of the amino
acids in the serum. The elevated concentration of phenylalanine in
the brain leads to a boost in the formation of the false neurotrans-
mitters phenylethylamine and β-phenylethanolamine. Furthermore,
the intracerebral increase in phenylalanine leads to competitive in-
hibition of tyrosine-3-monooxygenase, which generally guarantees
the enzymatic synthesis of the normal neurotransmitters dopamine
and noradrenaline. A higher concentration of tryptophan also re-
duces the synthesis of these normal neurotransmitters while at the
same time impeding the catabolism of tyrosine and stimulating
the additional formation of tyrosine from phenylalanine. This high
surplus of tyrosine is decarboxylated to tyramine and converted
into the inactive and hence false neurotransmitter octopamine by
β-hydroxylase activity. In HE, an increased concentration of tyr-
amine may be detectable in the serum. This finding is also con-
sidered to be of significance regarding the occurrence of HE. Tyr-
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amine is formed from tyrosine by microbial action in the intestine
and catabolized in the liver. Higher tyramine levels lead to
increased formation of the false, inhibitory neurotransmitter
octopamine. This accumulates in the synapses and severely impairs
the synaptic transfer of impulses due to its very low excitatory
activity. (114)

2.5.2 Reduction in neurotransmitters

The reduction of the normal neurotransmitters dopamine and nor-
adrenaline, which trigger an excitatory effect at the synapses, is
caused, among other things, by competitive inhibition of tyrosine-
3-monooxygenase as a result of the higher concentration of phe-
nylalanine. Furthermore, the increase in tryptophan leads to a re-
duction of these two physiological neurotransmitters, noradrena-
line also being produced from dopamine by copper-containing
dopamine hydroxylase. Dopamine receptors are found on neurons,
which are mainly located in the substantia nigra, the reticular
formation, the tegmentum of the mesolimbic system and the infun-
dibular nerve of the hypothalamus. The reduced concentration of
noradrenaline may also be responsible for peripheral vasodilation
with hyperdynamic regulation of the circulation in portal hyper-
tension. (s. p. 244) Moreover, glutamate, aspartate and glycine are
also important excitatory neurotransmitters, the reduction of
which (furthered by hyperammonaemia) intensifies neurodepres-
sion in cases of HE.

2.5.3 Increase in neurotransmitters

An increase in the neurotransmitters serotonin and γ-amino butyric
acid (GABA) has an inhibitory effect on the neurons. Enhanced
concentration of tryptophan boosts the synthesis of the physiolog-
ical transmitter serotonin (5-hydroxy-tryptamine). Hence a higher
concentration of serotonin in the CSF and of its metabolite 5-
hydroxyindolacetate activates the serotonergic neurons. Animal ex-
periments with serotonin antagonists brought about an improve-
ment in HE. The increase in the postsynaptic inhibitory transmit-
ter γ-amino-butyric acid observed in HE is a fundamental principle
of the GABA hypothesis (D. F. Schafer et al., 1982). (93) GABA can
be formed from glutamic acid in the presynaptic neurons and ini-
tially stored there. In reaction to specific impulses, GABA binds
to postsynaptic receptors and, as a result, permeability of the
membrane to chloride ions is increased with subsequent hyperpo-
larization of the postsynaptic membrane. GABA is either removed
from the synaptic gap and broken down by enzyme action or re-
turned to the presynaptic vesicles. GABA is also synthesized in the
intestine by bacterial action. The portal vein can display a higher
concentration of GABA, which is, however, clearly decreased in
line with a reduction in intestinal bacteria. GABA is broken down
in the liver with the help of GABA transaminase. Patients with
cirrhosis and with gastrointestinal bleeding showed increased
GABA levels in the blood. The augmented GABAergic tonus can
also be explained by “endogenous” benzodiazepines. The GABA
levels of plasma and CSF do not correlate with HE. (6, 19, 59, 60,
64, 68, 84, 106) (s. tab. 15.1)

Apart from GABA, the GABA receptor also binds benzodiaze-
pines, barbiturates, picrotoxin, etc. As regards the pathogenesis of
HE, changes in the affinity and density of postsynaptic receptors
play an important role for GABA as well as for other neurotrans-
mitters. The binding of benzodiazepine to GABA receptors inten-
sifies the effects of GABA. Consequently, there is an increase in
GABA receptors � just as in zinc deficiency � together with a
decrease in receptors for the excitatory neurotransmitters glutamic
acid and aspartic acid, shifting the balance, once again, in favour
of the inhibitory neurotransmitters. Benzodiazepine antagonists
(e. g. flumazenil, bicuculline) have a favourable effect upon the de-
velopment of HE.



Hepatic encephalopathy

2.6 Deficiency of essential substances
The energy metabolism of the brain is carried out solely by glucose.
During this process, 5�10% of the glucose supplied is metabolized
to lactate, 25�30% is directly decarboxylated by oxydative action
in the tricarboxylic acid cycle for energy procurement, and 60% is
converted into amino acids, mainly glutamine and glutamic acid,
via α-ketoglutaric acid. (s. p. 39) In cases of cirrhosis with HE,
these mechanisms of glucose metabolism are disrupted in the indi-
vidual in a variety of ways. (47, 53) A pronounced deficiency of
zinc is generally observed in cirrhosis and in alcoholic liver disease.
This trace element is, however, of paramount importance to the
activation of many enzyme systems, especially those of the urea
cycle. Thought should thus be given to the substitution of zinc as
a prophylactic measure against the development of HE. (34, 81,
153, 169) (s. p. 50) It is advisable to ensure that the serum values
of potassium and magnesium are balanced. Unsaturated fatty acids
are also likely to be significant for the pathogenesis of HE, since
they are of vital importance for the normal morphology and func-
tioning of all biological membranes. (16)

The outcome of the enormous efforts made in experi-
mental and clinical research into the pathogenesis of HE
can be defined as follows: There is a metabolic imbalance
between excitatory and inhibitory neuronal activity. (15,
20, 25, 30, 44, 45, 49, 68, 74)

1. Up to now, no one substance can be shown to
precipitate hepatic encephalopathy or coma under
clinical conditions, and no single hypothesis can
explain it.

2. The substances and mechanisms outlined above
all have their own part to play in the development
of HE. However, one of the two precursory con-
ditions (serious liver disease and/or portosystemic
collateral circulation) has to be fulfilled.

3. HE is not a metabolically homogeneous entity, but
is deemed to be a multifactorial occurrence which
is characterized differently in each case.

4. The multiple pathogenic possibilities interact syn-
ergistically. For this reason, successful prevention
or treatment of HE is only possible if consider-
ation is given to its multifactorial pathogenesis.

� Neurotoxic ammonia indeed plays an essential but
not exclusive role in the development of HE.

3 Morphological damage to the CNS

As early as 1927, E. Pollak observed a “glia reaction”
in Wilson’s disease and other liver diseases in the
form of enlarged glia elements, which he described as
being poor in chromatin and with naked nuclei.
These findings were confirmed by H.-J. Scherer in
1933.

� In HE due to acute liver failure, marked brain oedema
is predominantly evident with a spongy loosening of the
tissue, capillary proliferation and a hypoxia-related loss
of function of the ganglion cells (F. Erbsloeh, 1958). In
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1953, R.D. Adams et al. detected diffuse hyperplasia of the
astrocytes in chronic HE, with enlarged cell nuclei, yet
practically without cytoplasm. Chromatine is often
driven to the edge of the nucleus and vacuolated in the
process. Protein concentration in the cytoskeleton is re-
duced. Glycogen (PAS-positive) is often deposited in the
enlarged lobular, loosened nuclei of the naked
astrocytes. The storage of glycogen points to consider-
able disruption of the cerebral metabolism, since nor-
mally no glycogen is deposited in brain cells. This form
of macroglial reaction is known as liver glia or Alz-
heimer glia type II. Such astrocytosis is largely or even
solely caused by ammonia. Furthermore, there are
changes in the ganglion cells with the loss of Nissl’s sub-
stance, distension of the cytoplasm due to the deposit
of lipoproteins, and karyopyknosis. Localized failure of
the ganglion cells, vascular proliferation and marrow
oedema are the outcome. There is evidence of vessel-
dependent blanching and softening as well as a status
spongiosus which is largely independent of the vessels.

The morphological damage to the CNS in acute liver
failure differs from that observed in chronic HE. Fur-
thermore, the nature and localization of the damage
also depend on the duration of HE as well as on its
degree of severity. In chronic HE due to cirrhosis, re-
duction in cerebral blood flow and diminished uptake
of oxygen and glucose certainly play a major role. This
may well be of importance for the close correlation that
exists between the astroglia � which is part of the
blood-brain barrier � and the neuronal metabolism. (s.
p. 265) These changes are found in the cerebral cortex
and the brain stem as well as in the thalamus, putamen,
pallidum and red nucleus. In the subsequent course of
the disease, the spinal cord is affected in the form of
damage to the axis cylinder and demyelination. Periph-
eral neuropathies and retrobulbar neuritis have also
been witnessed. (11, 13, 21, 30, 96, 109, 111) • With T1-
weighted MRI, a symmetrical hypertense globus pal-
lidus can be demonstrated in about 70% of cirrhotic
patients � even in cases without simultaneous HE. (28,
67) This finding may be explained by the accumulation
of (neurotoxic) manganese � although the reason for
this manganese deposition is unclear. (s. p. 265)

4 Causative and trigger factors

In the course of serious liver disease (acute or chronic),
the occurrence of HE must always be reckoned with.
Various pathogenic factors or mechanisms can interact
from case to case in a variety of ways and may spontan-
eously trigger this occurrence synergistically. For the
most part, the pathogenetic and pathophysiological re-
actions are set in motion or reinforced by trigger factors.
It is therefore clinically important to recognize and
avoid them as far as possible. (s. tab. 15.2)
The forming of microbial NH�

4 in the intestinal tract is increased
if the dietary protein intake is too high. (9, 24, 70, 89, 97, 101, 102,
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Diuretics

Hypokalaemia Inhibition of carbonic anhydrase Intestinal NH3 formation ↑ Loss of zinc

H+ inflow Distal tubular 
into the cells ↑ H+ excretion ↑

Renal NH3 formation Renal discharge of Alkalose Urea formation ↓ Zinc deficiency
from glutamine ↑ NH3 into the circulation ↑

Discharge of NH3 in the urine ↓ NH4
+ ←→ NH3 ↑ + H+

NH3 ↑ Hyperammonaemia Encephalopathy

Alkalosis

Alkalosis

Fig. 15.2: Diagram illustrating the development of hepatic encephalopathy due to diuretics and/or hypokalaemia

1. Intestinal protein supply �
� protein-rich diet (7�10%)
� gastrointestinal bleeding (25�30%)

2. Protein catabolism �
� albumin deficiency, bleeding of soft tissue, fever,

surgery, infection, hyperglucagonaemia

3. Overtaxed detoxifying mechanisms
� alcohol, medicaments, chemicals, toxins,

endotoxins, infections (10�18%)
� obstipation

4. Tumour necrosis factor �

5. Binding to GABA receptors �
� benzodiazepines, barbiturate, phenothiazine,

sedatives/tranquillizers (10�15%)

6. Metabolic imbalance
� acidosis, lactate acidosis, azotaemia (25�30%)
� hypoglycaemia

7. Electrolyte disorders
� potassium �, sodium �, magnesium �

8. Circulatory disorders
� hypovolaemia, hypoxia

9. Inhibition of urea synthesis
� diuretics (25�35%), zinc �, acidosis

10. Manganese �

Tab. 15.2: Causes of hepatic encephalopathy and hyperammon-
aemia (frequency in %) (s. fig. 15.2)

122) Gastrointestinal bleeding involving large quantities of plasma
and erythrocyte protein is also deemed to constitute protein intake.
It should be noted that 100 ml blood contain 15�20 g protein,
from which large quantities of pathogenetically unfavourable aro-
matic amino acids and biogenic amines are formed by microbial
action. The concentrations of ammonium stored in the erythro-
cytes are released during erythrocyte breakdown in the intestine.
Occult bleeding, which is detected in the stools by chemical testing,
may also cause HE. Enhanced protein catabolism leads to an
increase in the release of aromatic amino acids, which intervene in
various pathogenic mechanisms.

In the same way as diabetics have their own specific glucose toler-
ance threshold, all cirrhotic patients likewise have their own pro-
tein tolerance threshold.
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The detoxifying hepatic mechanisms, restricted in the case of severe
liver disease, are overtaxed and become insufficient due to the add-
itional noxae. With the presence of obstipation, the absorption of in-
testinal toxins and their transport via the portal vein are intensified,
so that the diseased liver becomes subjected to an additional burden.
• The administration of sedatives or analgesics leads to neurodepres-
sion with additional binding to (and blocking of) GABA receptors.
For this reason, these medicaments can have an unexpectedly strong
impact, even in low doses and with a once-only application!

� Hyperammonaemia as well as hypovolaemia and hypo-
kalaemia (especially when caused by diuretics) give rise
to secondary aldosteronism, which in turn reinforces
hypokalaemia, hypomagnesaemia and zinc deficiency.
(s. fig. 15.2) • It is clear that additive factors also act as
triggers of HE, setting in motion a vicious circle, so that
a multiple and complex process results. • This may well
explain the variety of biochemical, neuropsychiatric and
clinical findings in HE. (15, 25, 44, 68) (s. tabs. 15.3, 15.5)

5 Clinical forms

The expression hepatic encephalopathy (HE) is a col-
lective term covering five clinical forms of disease (H.O.
Conn, 1989): (1.) Reye’s syndrome, (2.) enzyme deficiency
of the urea cycle, (3.) pseudoportosystemic encepha-
lopathy, (4.) fulminant liver failure, and (5.) portosys-
temic encephalopathy. • It is not known whether the
pathogenic mechanisms of these various clinical forms
are identical. (s. tab. 15.3)

An additional three forms should also be mentioned:
(1.) deficiency of acyl-CoA dehydrogenase, (2.) ence-
phalopathy in Wilson’s disease, and (3.) encephalo-
pathy in hepatic porphyria.

A new nomenclature of HE existing since 2002 distin-
guishes three forms: (1.) type A (� HE associated
with acute liver failure), (2.) type B (� HE associated
with portosystemic bypass without liver disease), and
(3.) type C (� HE associated with liver cirrhosis).
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1. Reye’s syndrome
2. Enzyme deficiency of the urea cycle

� hyperammonaemia type I
� hyperammonaemia type II

3. Pseudoportosystemic encephalopathy
(pseudo-PSE)

4. Fulminant liver failure
5. Portosystemic encephalopathy

� subclinical (latent, minimal) form
� acute form
� acute recurrent form
� chronic persistent form
� chronic recurrent form

Tab. 15.3: Clinical forms of hepatic encephalopathy (HE)

5.1 Reye’s syndrome

The term Reye’s syndrome (R.D. K. Reye et al., 1963; G.M.
Johnson et al., 1963) (s. p. 589) denotes an acute, non-
inflammatory syndrome with acute liver failure and en-
cephalopathy. (7) Such a “hepatocerebral syndrome” is
fatal in 30�60% of cases. It is observed in infants and
children (mainly between the ages of 6 and 14 years)
after feverish infection � particularly of the respiratory
organs. This disease is seldom observed in adults. • The
cause is still not completely clear, even though a virus
infection (influenza A or B, Coxsackie B2, varicella),
the intake of acetylsalicylic acid and mycetism are all
considered to be responsible. The toxic substances, simi-
lar to those found in HE, lead to neuronal damage in-
cluding the inhibition of neurotransmitters, brain
oedema with hypoxic damage, vascular changes and
demyelination. • In the region of the liver, severe peri-
portal fatty degeneration is observed with cell necrosis.
Examination with the electron microscope reveals
marked damage to the mitochondria. (12) As a conse-
quence, mitochondrial carbamoylphosphate synthetase
is impaired, preventing ammonia from being channelled
into the urea cycle. The oxidative breakdown of fatty
acids in the mitochondria is also impaired. Large quan-
tities of fat are deposited in the visceral organs. • The
clinical picture commences with vomiting and fever.
Stupor and tonic-clonic seizures follow, progressing into
coma. Laboratory investigations show acidosis, hyper-
ammonaemia, impaired synthesis of VLDL, hypoglyc-
aemia, electrolyte imbalance, increased activity of trans-
aminases and creatine phosphokinase as well as a drop
in the Quick’s value.

A clinical picture similar to that of Reye’s syndrome can
be witnessed in children with a deficiency of acyl-CoA
dehydrogenase. This enzyme complex is responsible for
the β-oxidation of medium-chain and long-chain fatty
acids in the mitochondria without, however, causing any
pathological changes.
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5.2 Enzyme deficiency in the urea cycle

As a congenital disorder, an enzyme deficiency in the urea
cycle relates to carbamoylphosphate synthetase or N-ace-
tyl-glutamate synthetase (� hyperammonaemia type I)
and ornithine carbamoyltransferase (� hyperammon-
aemia type II) (D.B. Flannery et al., 1982). (27) (s. p. 594)
This condition mainly affects the channelling of am-
monium into the mitochondria and the conversion of or-
nithine into citrulline. (s. fig. 3.12) • Similar acquired
enzymopathies can be expected in Reye’s syndrome and in
cases of zinc deficiency. Such a hyperammonaemia syn-
drome can also produce the clinical picture of HE.

5.3 Pseudoportosystemic encephalopathy

Pseudoportosystemic encephalopathy (pseudo-PSE) has
been termed “non-ammonia-induced HE”, “false liver
coma” (H. Kalk, 1958) or “electrolyte coma”. It is mainly
attributed to severe electrolyte derangement in the form
of hypokalaemia and/or hyponatraemia (107) with a
cerebro-intracellular increase in volume due to hypo-
tonic dehydration. Hypomagnesaemia may also be pre-
sent, which can likewise cause neuropsychiatric symp-
toms, since magnesium deficiency compromises all bio-
chemical reactions in which ATP is involved.

Even without a simultaneous increase in nitrogenous sub-
stances, metabolic disorders (e. g. hypoxia, hypercapnia,
hypoglycaemia) can give rise to neuropsychiatric symp-
toms. The primary pathogenic point of action is likely to
be the damaging of the blood-brain barrier, also called
the boundary structure of the glia. Here, the astrocytes
and their projections encircle the blood capillaries and
regulate the normal transport of substances between the
blood stream and nerve cells. It is more than likely that
multiple metabolic disorders or endocrinopathies, de-
pending on their degree of severity or joint effect, will
cause lasting damage in the area of the blood-brain bar-
rier. (35) Neuropsychiatric symptoms with pseudo-PSE
are not only to be expected in cirrhosis (as yet without any
increase in nitrogenous substances), but also in other liver
diseases; such symptoms likewise appear with metabolic
or endocrinological disturbances. (91, 103, 166) In this case,
the clinical and laboratory findings largely reflect the
underlying origins of the disease. Pseudo-PSE is thus of
particular significance in the differential diagnosis of
hepatic encephalopathy.

5.4 Fulminant liver failure

Fulminant liver failure (FLF) is caused by an extensive
lost of the liver parenchyma, which results in a severe
deterioration of liver function. This clinical picture,
which in most cases ends fatally, is also known as “liver
cell degeneration coma”, “endogenous liver coma”, “acute
liver insufficiency” or “acute liver failure”. Its causes are
multiple and its pathogenesis is complex. (see chapter 20)
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The onset is generally abrupt, sometimes even unexpec-
ted and without any hint of a previous or coexistent
liver disease. A marked hepatic foetor is present at an
early stage. The neuropsychiatric symptoms of FLF are
largely similar to those of PSE due to chronic liver dis-
ease, especially since their pathogenesis is virtually the
same or even identical. Yet, the neuropsychiatric picture
is much more progressive and generally characterized
by aggressive or agitated modes of behaviour as well
as screaming fits and delirious phases. The subsequent
course of the disease comprises rigor, spasticity and
seizures, passing into somnolence and coma. If the
pupils do not react to light, this is deemed to be indica-
tive of therapy-resistant cerebral pressure due to brain
oedema. (13, 21, 111)

5.5 Portosystemic encephalopathy
Portosystemic encephalopathy (PSE) develops in chronic liver dis-
eases and/or in the wake of portosystemic circulation. Liver cir-
rhosis with its hepatofugal collateral circulatory pathway is thus
the focus of interest in this clinical form of disease. The term PSE
is identical to “exogenous liver coma” or “liver cell failure coma”.
PSE can be further subdivided according to its symptomatology
and depending on its form and degree of severity. There are three
forms of portosystemic encephalopathy: (1.) subclinical (or latent)
PSE, (2.) acute or acute recurrent (episodic) PSE, and (3.) chronic
recurrent or chronic persistent PSE.

5.5.1 Subclinical (latent) form

Subclinical (latent) PSE is founded on observations made by H.
Penin (1967), who noticed that patients with liver cirrhosis may
display personality changes despite normal EEG findings. • In
1970 R. Zeegen observed minor cerebral dysfunction in 40% of
his cirrhotic patients. (s. p. 200) • Changes in the form of a
psychosyndrome with neurasthenic features were summarized
by F. Erbsloeh et al. in 1974 as “chronic subclinical cirrhosis-
related encephalopathy”.

With regard to an altered state of consciousness, the
subclinical form of PSE ranges between stages 0 (�
normal) and I (� manifestation). (s. pp 270, 276) It is
to be expected, as is the case with the majority of dis-
eases, that the manifestation of hepatic encephalopathy
will be preceded by a stage of latency.

� The diagnosis of latency is extremely difficult because
the patients show no clinical abnormalities and retain
their verbal intelligence for a long period of time. By
contrast, the practical (fluid) intelligence is disturbed at
an early stage. No clinical findings are detectable which
point to the existence of the latent (or subclinical) stage.
(s. tab. 15.4)

1. No subjective complaints
2. No clinical findings
3. No laboratory parameters
4. No neurological abnormalities
5. No spontaneous changes in the EEG

Tab. 15.4: Normal examination results in the latent (subclinical)
stage of HE
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Despite the considerable objective clinical importance
of latent HE, the patient subjectively feels unchanged
and free from symptoms. There are no complaints or
malaise pointing to the stage of latency, nor does the
patient’s conversation with the physician or the an-
amnesis (� verbal, i.e. crystalline, intelligence) yield
any relevant clues. There are no neurological findings
(hyperreflexia, asterixis, tremor, etc.), nor do examin-
ations of the blood or CSF yield any results correlat-
ing with the stage of latency.

For this reason, diagnostic efforts focus on the electroencephalo-
gram. In the spontaneous EEG, individual cases can display a
minor increase in slow waves or a slowing down of base activity
below the normal alpha range (8�12 Hz). Only by knowing the
individual normal status and by regularly reviewing the spontan-
eous EEG as a cirrhosis follow-up is it possible in 30�50% of
cases to recognize features which could be interpreted as latent
HE. However, this is not practicable. • The application of exoge-
nous visually evoked potentials (VEP) likewise yielded no reliable
correlation. • The determination of the P-300 wave as an
electrophysiological correlate of endogenously stimulated poten-
tials showed a lengthening of latency in some 30�70% of cases of
subclinical HE. Although its sensitivity is high, this method is not
appropriate for the initial diagnosis; for the follow-up, however, it
is quite reliable. The procedure itself is very time-consuming and
calls for specialized experience, which is why it is generally not
suitable for routine diagnostics. (2, 72, 92, 98) (s. pp 200, 201 with
more references)

In 1952 G. J. Gabuzda et al. proposed the following triad for iden-
tifying HE: (1.) mental disturbances, (2.) tremor, and (3.) EEG
changes. • In this context, it seemed logical to include neuropsycho-
logical test procedures that had proved reliable in clinical psych-
ology. (s. p. 201) (s. tab. 10.3) However, these test procedures, which
can prove difficult to perform, are time-consuming and call for
special training. Regarding scientific studies, neuropsychological
tests are considered to be the gold standard. Combined use of sev-
eral tests (s. tab. 10.3) produces the most reliable diagnosis of latent
HE � even though no test is absolutely conclusive or entirely valid.
Of course, these tests provide no information on the underlying
cause of encephalopathy and are consequently not “specific” to
HE. The reliability of the test results depends on a number of
influential factors, which always have to be taken into account. (s.
tab. 10.2) • The fading of the myoinositol signal viewed in proton
MR spectroscopy has proved to be a more sensitive method for the
detection of latent HE. (11, 28, 38, 55, 58, 88, 96)

The frequency of subclinical HE is given as 40�70%
in cirrhotic patients, the different frequency rates being
attributed to the way in which the individual influences
the test procedures and to the respective underlying
cause of cirrhosis. It appears that subclinical HE is most
frequently found in alcoholic cirrhosis. A conservative
estimate of the situation in Germany puts the number
of cirrhotic patients at > 700,000. The frequency of sub-
clinical HE is therefore > 400,000. Hence subclinical HE
is by far the most frequent complication associated with
liver disease. It can be assumed that patients suffering,
for example, from severe fatty liver, particularly as a re-
sult of alcohol abuse, show a similarly high percentage
of subclinical HE. In patients suffering from serious
liver disease, cerebral dysfunction can be detected in
> 80% of cases. In view of the multiple causes and
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factors influencing the development of HE (s. tab. 15.2)
and due to its own considerable frequency, the stage of
latency is of major clinical significance. (22, 29, 32, 42, 61,
78, 79, 82, 85, 91, 92, 95, 104)

� The objective disease status (in contrast to the sub-
jective feeling of illness!) was first demonstrated by H.
Schomerus et al. (1981). (94) More than 50% of clinically
normal cirrhotic patients with latent HE were unfit to
drive. In other words, they wrongly assessed traffic situ-
ations, braked too late, drove through red traffic lights,
underestimated bends and speed, etc. Another 25% were
categorized as being only partially fit to drive. • Note
that during a so-called blackout (equals a loss of con-
sciousness of just one second), a distance of 14 metres
is covered by the car without any control (!) at a speed
of 50 kph (� 30 mph).

A number of impairments, often quite severe in nature,
affect the patient’s working life: lack of concentration
when operating machinery, disturbances in fine motor
function during manual tasks, improper handling of
equipment, uncertainties with production sequences,
etc. As a result, the number of occupational accidents
rises; in addition, there is greater damage to equipment
or machinery and generally more production wastage.

� Early diagnosis of HE in the stage of clinical latency
is of tremendous importance in daily life and at work,
including fitness to drive (112); thus the repercussions
are of an economic, prognostic and prophylactic nature.
In practical terms, it allows a therapy to be carried out
which is successful, efficient and economical as well as
low-risk. (61) If treatment is started in time, progression
to severe stages of manifest HE, with the subsequent
complex and cost-intensive period of hospitalization,
can be prevented. Moreover, it is imperative to avert
irreversible damage to the brain cells, which may result
from the chronic impact of neurotoxins. (49, 83)

For this reason, simple psychometric test procedures
have been developed to identify latent HE. (s. p. 202) (s.
tab. 10.6) They do, however, have certain disadvantages
which must be taken into account:

(1.) The cerebral functions and areas of function
covered by the respective tests (s. tabs. 10.1, 10.3) are
not sufficiently known or defined.

(2.) Given the varied functional disturbances in the
brain (s. tabs. 10.1, 10.3), psychometrics should not
rely on “one” test only.

(3.) The possibility of quantitatively reliable test
evaluation is often lacking.

(4.) Various factors (s. tab. 10.2) can influence the
reliability of test results.

(5.) As yet, there are neither enough comparative
values available relating to normal behaviour nor suf-
ficient results from scientifically established tests.
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� From the publications available, we selected clinically
applicable tests (s. tab. 10.4) and compiled a psycho-
metric test programme (s. tab. 10.6) which largely com-
plies with the general criteria for psychometric testing
(s. tab. 10.5); many years of experience have shown this
programme to be appropriate. (57) A subsequent devel-
opment was a psychometric examination set, available
for use in both the practitioner’s surgery and the hospi-
tal as well as in occupational and road-traffic medicine;
the programme is simple, cheap and reliable. (1, 72, 92)
(s. p. 203) (s. tab. 10.6)

5.5.2 Acute recurrent form

The acute or acute recurrent form can be equated with
the manifestation of portosystemic encephalopathy in
chronic liver disease. It is also known as “acute episodic
form”. Discrete psychometric disorders usually precede
the manifest picture as a latent stage. Manifestation in-
cludes stages I�IV and hence covers a wide spectrum
of clinical, neurological and psychopathological symp-
toms. Once the liver function is stabilized and the trig-
ger factors are eliminated, all the symptoms of this form
are as a rule reversible.

5.5.3 Chronic persistent form

In 1965 M. Victor et al. termed this form the “non-Wilson-
ian type” of chronic hepatocerebral degeneration. (109)
This chronic form of hepatic encephalopathy is rare. It is
mainly found in patients with extended collateral circula-
tory pathways, in particular after surgically created por-
tosystemic anastomoses. At the outset, the clinical pic-
ture is similar to that of the acute recurrent form. There
is evidence of irritability as well as moody or childish be-
haviour, indifference or depressiveness; occasionally, eu-
phoria and talkativeness are experienced together with
phases of confusion. Gradually, ataxia, choreo-athetosis,
paraplegia and lancinating pains set in � similar to those
of portacaval myelopathy. Such functional disorders are
usually irreversible. The clinical picture ends in cerebral
atrophy and dementia.

6 Clinical stages

In line with R.D. Adams et al. (1953), the following years
witnessed the differentiation of HE into a number of
stages, of which at least 3, generally 4 or even 5 were
defined (F.H. Netter et al., 1957; C. Trey et al., 1970; B. Rueff

et al., 1973; S. Sherlock, 1975, and others). • For practical
reasons, it is recommendable, and indeed clinically pos-
sible, to use just one (uniform and/or standardized)
diagnostic system to categorize the stages for describing
the severity of HE. The application of 4 stages does
adequate justice to the multiplicity of the symptoms and
findings and allows a patient to be assigned precisely to
a standardized stage. These stages can, however, over-
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lap, with each one being reversible. A manifest stage of
HE is one of the five criteria in the Child-Pugh classifi-
cation and can therefore be seen as a prognostic cri-
terion. (s. tab. 15.5)

Coma assessment
� One tried and tested semiquantitative method for
coma assessment is the Glasgow scale (G.M. Teasdale et
al., 1974) with a score of 3 to 15. It has a high consistency
level, irrespective of the investigator (“interrogator sta-
bility”). As the severity of coma increases, the total
score drops from 15 down to 3:

Criteria Points

1. Opening of the eyes
� spontaneously 4
� upon command 3
� upon pain stimulus 2
� no response 1

2. Verbal reactions
� oriented and conversant 5
� confused responses 4
� inadequate responses 3
� incomprehensible sounds 2
� no response 1

3. Motor reactions
� normal 6
� localized/hemilateral 5
� drawing away 4
� abnormal flexion response 3
� extensor reaction/stretching 2
� no reaction 1

Total

This Glasgow coma scale with its score points can be
expediently combined with an additional clinical coma
profile. The final result is a clinical coma check-list,
which provides a basis for informative and reliable
monitoring in the intensive care unit:

1. Pupillary reaction
– normal
– weakened
– no reaction

2. Corneal reflex
– normal
– no reaction

3. Tendon reflexes
– normal
– hyperreflexia
– hyporeflexia
– areflexia

4. Muscle tone
– normal
– increased
– diminished
– slackened

5. Respiration
– normal
– hyperpnoea
– hypopnoea
– apnoea
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� The so-called Innsbruck coma scale (F. Gerstenbrand

et al., 1984) can be used as a check-list at the bedside. The
results are noted, giving the date and time of day. The
highest number of points for grading a coma patient is
19. (The number of points 20�23 can be used for the
waking-up period.) A sum total below 6 at the begin-
ning of the coma and an average score below 11 during
the subsequent phase point to a poor prognosis:

Name of patient Date, time of day

Reaction to attention paid 3 ...........
acoustic stimuli: better than extensor reflex 2 ...........

extensor reflex 1 ...........
no reaction 0 ...........

Reaction to pain directed defence reaction 3 ...........
(pinching; edge better than extensor reflex 2 ...........
of the trapezius extensor reflex 1 ...........
muscle): no reaction 0 ...........

Physical posture normal 3 ...........
and movement: better than stretching position 2 ...........

stretching position 1 ...........
slumped 0 ...........

Opening of eyes: spontaneous 3 ...........
upon acoustic stimuli 2 ...........
upon pain 1 ...........
no opening of eyes 0 ...........

Pupillary width: normal 3 ...........
narrowed 2 ...........
expanded 1 ...........
wide 0 ...........

Pupillary reaction: extensive 3 ...........
minimal 2 ...........
hardly perceptible 1 ...........
no reaction 0 ...........

Ocular bulb status eyes follow an object 3 ...........
and movement: pendular bulb 2 ...........

divergent, changing position 1 ...........
divergent, fixed position 0 ...........

Oral automatisms: spontaneous 2 ...........
upon external stimuli 1 ...........
none 0 ...........

A categorization of the clinical picture of HE is not
“liver-specific”, but encompasses “encephalopathy”
and its multiple aetiological aspects. Similarly, the
phenomena of the individual stages do not allow con-
clusions to be drawn as to the type of liver coma (liver
cell necrosis or functional liver cell failure). However,
the course of HE with acute liver cell necrosis is more
progressive and more severe.

Neurological findings: During the early stage, there is
evidence of hyperreflexia, muscular hypertonicity, dis-
tortions in handwriting and speech as well as delicate
flapping tremors. • A gross “flapping tremor”, initially
described as “wing beating” by F.Th. Frerichs (1858) and
as “asterixis” by R.D. Adams et al. (1949), is deemed typ-
ical of liver insufficiency. It is witnessed in stages II and
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III and comprises swift bending and stretching move-
ments of the metacarpal joints with the hands laid out
flat and the wrists dorsiflexed or with outstretched dor-
siflexed hands and fingers. The swift flapping move-
ments, occurring at irregular intervals, are often ac-
companied by lateral spreading movements. Usually, the
“flap” is bilateral; it is not synchronously bilateral, how-
ever, and mostly affects one side more than the other.
(s. tab. 15.5)

EEG changes: EEG changes (e. g. decrease in frequency of the
basic rhythm, pseudoparoxysmal activities) may be expected at all
stages of manifest HE. (s. p. 200) A grading system for EEG
changes was developed by B. G. Parsons-Smith et al. in 1957. EEG
evaluation has been considerably improved by computer analysis.
(s. tab. 15.5)

As from stage I, the base activity (normal alpha-range 8�12 Hz)
slows down, there is a greater diffusion of interim waves and a
symmetrical pattern of theta waves (5�8/sec). These changes gen-
erally begin at the frontotemporal region and progress posteriorly.
The slowing down of the base activity can be detected in the sub-
clinical stage of HE in 15�20% of patients. Application of exoge-
nous visually evoked potentials (VEP) or endogenous stimuli to-
gether with evaluation of the P-300 wave made it possible for a
considerably higher percentage (30�40% and 50�75%) of patho-
logical EEG changes to be detected. • In stage II, the alpha rhythm
is even more retarded (5�7/sec), the curves become flatter, and the
intermittent theta waves increase. In some cases, bi- and triphasic
potentials are witnessed. • In stage III, the theta and theta-delta
activity is accentuated and the base frequency continues to slow
down (3�5/sec). Monophasic to quadriphasic complexes are ob-
served episodically (R. G. Bickford et al., 1955). The individually dif-
ferent polymorphic waves with a high amplitude of the theta or
delta type (3�5/sec and 1.5�3/sec, respectively) were termed
“pseudoparoxysmal activities” (D. Silverman, 1962). • At the begin-
ning of stage IV, pseudoparoxysms were detectable as frontal or
generalized occurrences, with the continued slowing down of the
base frequency and prevailing delta rhythm (2�3/sec). During the
further course of disease, the triphasic complexes and the pseudo-
paroxysms disappear. Delta and subdelta waves continue to level
out, and isoelectric stretches become evident. (s. tab. 15.5)

By means of psychometric tests, neurological/psychi-
atric findings and possibly also EEG changes, an ac-
curate assessment can be made regarding the degree of
severity of HE � this guarantees a reliable follow-up,
in which the efficiency of the therapy can be reviewed.

� Defects in the cerebral functions and disturbances
in the water and electrolyte balance are considered to
be the earliest and most reliable signs of commencing
decompensation in a severe liver disease, particularly
cirrhosis.

� Clinically, the commencing decompensation can be
easily diagnosed as latent hepatic encephalopathy (by
means of psychometric testing) and as latent oedema
(by keeping note of the increase in body weight). These
findings, recorded on a documentation sheet, are also of
considerable importance for monitoring chronic liver
patients. (s. figs. 10.1; 15.3) (s. pp 305, 744)
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7 Diagnosis

Encephalopathy can occur in a number of extrahepatic
diseases, such as toxic, metabolic or circulatory dis-
orders, intracranial space-occupying lesions, hypothy-
roidism (35) and neurological/psychiatric diseases. (s. tab.
15.2) Identification of neuropsychiatric symptoms al-
ways calls for careful differential diagnosis.

Similarly, in various liver diseases, thought should be
given to the presence of HE if neuropsychiatric disturb-
ances occur. This is true for acute liver diseases (severe
acute viral hepatitis, acute liver failure) and for severe
(particularly alcohol-related) fatty liver, Wilson’s disease,
severe chronic hepatitis, severe infectious or parasitic liver
diseases such as schistosomiasis, metastatic liver, nodular
regenerative hyperplasia, and liver cirrhosis. (1, 16, 17, 22,
24, 28, 29, 67, 76, 78, 95, 104) The diagnosis of HE can prove
difficult if the liver disease is (still) unknown.

A portosystemic anastomosis is most frequently associ-
ated with HE of differing degrees of severity. • The pres-
ence of a surgically laid shunt is naturally revealed dur-
ing anamnesis and therefore does not constitute a diag-
nostic problem. (36, 40, 46, 48, 50, 60, 66, 77, 87, 91, 98)

In contrast, encephalopathic symptoms deriving from
congenital anastomoses can render it difficult to make a
differential diagnosis. (51, 80)

1. Besides direct questioning of the patient, valuable in-
formation may be obtained by asking the spouse or
closest relatives about possible neuropsychiatric symp-
toms displayed by the patient. Specific questions should
be asked regarding changes in personality, working cap-
acity, sleep behaviour, powers of concentration, capacity
to register and mental reactivity. (49, 83)

2. In all cases of suspected HE, psychometric tests
(e. g. handwriting specimen, number-connection test B,
line-tracing test, star-forming test) are a top priority.
(1, 42, 57, 72, 92) (s. p. 203) (s. tab. 10.7) (s. fig. 15.3)

Date Handwriting Body weight Stool
specimen frequency

1.7. 71.5 2 ×
2.7. 71.4 2 ×
3.7. 71.7 2 ×
4.7. 71.9 1 ×
5.7. 71.9 1 ×
6.7. 72.3 1 ×

= onset of oedema
= onset of hepatic encephalopathy (subclinical/latent HE)

= beginning of outpatient therapy!

⎞
⎢
⎬ +
⎢

⎠

Fig. 15.3: Self-monitoring by the patient using a documentation
programme for the early detection of subclinical hepatic
encephalopathy or onset of oedema (s. fig. 10.1) (s. p. 305)
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Stage State of Intellectual Elements of conscious- Neuromuscular Psychometric EEG
consciousness function ness and behaviour function tests

0, 0-I, No abnormality Initiative IQ � No abnormality Psychomotoric � � �� No ab-
(sub- Concentration � tests � � �� normality
clinical/ Weakness of VEP (�)
latent) memory P 300 �

I Disorientation Logical thinking � Accentuated normal Hyperreflexia � �� � ��� (�)
Absence of mind; Serial subtraction � behaviour; depres- Tremor (�), � VEP �
Disturbances of Attention � sive; irritable; Dysarthria (�), � P 300 �
the sleeping-wak- euphoric; anxious; Apraxia (�), �
ing rhythm; talkative; childish; Stereotypes (�)
Exhaustability restless; inability to Hypertonicity

keep one’s distance

II Somnolence Loss of time Reduced inhibitions; Asterixis (�), � ��� �
consciousness screaming; aggres- Dysarthria �� (as far as can Deceler-
Numeracy �� sion; apathy; Apraxia �� still be tested) ation
Memory impairment; exhibitionism; Reflexes ��,
Disorientation inadequate or Primitive reflexes �

peculiar reactions; Dissociated bulbus
inability to keep movements;

Lethargy one’s distance Hypertonicity

III Sopor Loss of orien- Delusions; Asterixis �, �� � ��
tation delirious; aggressive; Tremor � 3-phase
Sense of locality � primitive reactions Stereotypes �� waves
Sense of position � in the anal and (fumbling, sucking,
Amnesia; sexual regions; lip smacking, etc.)
Confused wandering confusion in the use Nystagmus;
(poriomania) of objects; Rigidity;

faecal and urinary Bulbar divergence;
incontinence Pyramidal tract signs

IV Coma Loss of self � Spontaneous motor � ���
functions � delta
No pain stimuli; activity
Loss of tonus;
Areflexia;
Dilated pupils;
Opisthotonus;
Convulsions

Tab. 15.5: Diagram of the stages of hepatic encephalopathy (subclinical and latent forms and manifestation I�IV) as well as their respect-
ive symptomatology

The pathological outcome of these tests does not only
call for further neuropsychiatric and psychological
examinations, but it also means that the patient (and
if the patient agrees, also the spouse or closest family
members) must be fully informed about the situation.
Due account must be taken of road safety and/or safety
at the workplace in the interest of both the patient and
the immediate environment. Extensive psychological test
procedures should always be considered if generally im-
portant or even bureaucratic and legal decisions have to
be taken concerning the patient.

� All test results and the contents of the patient
briefing as well as the patient’s consent or refusal
must be documented by the physician and confirmed
in writing by the patient or by witnesses.

3. In certain cases, the neurological status will be ex-
panded on by the neurologist. In this respect, the EEG or
even the initiation of visually evoked (VEP), acoustically
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evoked (AEP) and somatosensorily evoked (SEP) poten-
tials may be indicated. There is often a correlation be-
tween autonomic neuropathy and the prolongation of the
corrected QT interval (F. Szalay et al., 1998). • Determi-
nation of the critical flicker frequency makes possible the
best assessment of a HE 0, 0-I. (52) (s. p. 203)

4. Laboratory examinations are of no relevance concerning diag-
nostic procedures focusing on HE, as interesting as it might be
to determine octopamine, β-phenylethanolamine, methandiol, free
phenols and tyramine in the blood and urine as well as ethandiol,
dimethylsulphide, thyroid hormones and prolactin in the serum.
This is also true for the detection of greater concentrations of glut-
amine in the CSF, which are believed to indicate the degree of
severity of HE. • Determination of ammonia (4, 54) (s. p. 107!) in
the arterial and, with less reliability, in the venous blood has no
correlation whatsoever with the degree of severity of HE, especially
since, even in a severe coma (stage IV), no hyperammonaemia is
detectable in 10�15% of cases. Values of >100 µmol/l are definitely
considered to be pathological. • Breath ammonia (measured using
electrodes in collected expired air) correlates positively with blood
ammonia levels. This method may be useful for diagnosis and fol-
low-up in HE. (97)
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5. For the differential diagnosis of HE, computer tomography can
be important in tracing morphological changes in the brain. Even
in HE, signs of atrophy were detectable in up to 50% of cases.
CT, magnetic resonance imaging (28, 67) and magnetic resonance
spectroscopy are not yet regarded as clinically significant in the
diagnosis of HE.

8 Prognosis

The prognosis of HE with acute liver failure is generally
very bad. Lethality is 80�85%; this can diminish or in-
crease, depending on the acuteness and severity of liver
cell disintegration. (1, 2, 14, 20, 39, 113)

In endogenous hepatic coma (� due to loss of liver
parenchyma), which in most cases develops from an
existing chronic liver disease (“acute on chronic”), the
prognosis is better than for acute liver failure, but
nevertheless remains extremely poor. According to the
information available in the relevant literature, 10�
20% of patients die in stage I and 40�50% in stage
II; in stages III and IV, lethality is 80�90%, the same
rate as in acute liver failure. (see chapter 20)

In exogenous hepatic coma (� due to loss of liver cell
function), the prognosis seems to be somewhat better
than in endogenous hepatic coma � although it is still
poor: nearly all patients have a chance of survival in
stage I, 60�75% in stage II, and some 30% in stages III
and IV. About 30% survive 2�5 coma phases; 10�20%
of the patients have a five-year survival time following
the first coma. • These figures can only be taken as a
guideline, since the prognosis depends on various influ-
ential factors:

1. Exogenous hepatic coma has a better prognosis than en-
dogenous hepatic coma.

2. The size of the residual parenchyma and hence the remain-
ing liver function is of decisive importance.

3. The aetiology of the underlying liver disease and the extent
of the collateral circulatory pathways influence the prognosis
in a variety of ways.

4. Advanced age and concomitant diseases render the prog-
nosis less favourable.

5. The prognosis also depends on the trigger factors of HE
being eliminated as rapidly and as completely as possible.
This is particularly true of the swiftest possible elimination
of blood from the intestinal tract.

6. Complications regarding cirrhosis, such as ascites, albumin
deficiency, blood-clotting disorders, increasing jaundice and
gastrointestinal bleeding (including occult blood), make for
a considerably worse prognosis.

7. Of decisive importance is the stage at which proper treat-
ment is initiated, so that progression can be hindered.

The best therapy results are obtained in the subclinical
stage (0, 0�I) and the stage of disorientation (I).
Nearly all of these patients can be successfully treated
and brought back to the encephalopathy-free phase. •
Early diagnosis is of paramount importance for the prog-
nosis.

277

9 Therapy

Even in antiquity, it was assumed that there was a correl-
ation between the liver and brain functions. Normal func-
tioning of the liver, in particular adequate detoxification, is
a prerequisite for a smooth course of multiple cerebral reac-
tions. By contrast, decreased liver function leads to in-
creasing impairment of the functioning of the brain.

9.1 Fundamental prerequisites

� The treatment of subclinical hepatic encephalopathy
as well as of stages I�IV explicitly calls for the elimin-
ation of trigger factors and other possible causes to-
gether with the avoidance of additional noxae. (s. tab.
15.2) Often these measures suffice to prevent the mani-
festation or progression of HE. An inadequate response
to the initiated treatment should be reason enough to
carry out a more thorough investigation into other pos-
sible causative factors.

� Normalization of liver function is the main aim in the
treatment of hepatic encephalopathy. Basically, this can
only be accomplished by overcoming the acute liver fail-
ure through intensive care procedures with subsequent
restitution or by means of liver transplantation. In
patients with chronic liver disease, there are in principle
two long-term treatment goals: (1.) averting or elim-
inating factors which lead to dysfunction and/or morpho-
logical damage to the residual liver parenchyma and (2.)
use of all possibilities in order to promote the functioning
of the liver and its ultimate morphological regeneration.

� Normalization of laboratory parameters must be
guaranteed: (1.) regulation of serum electrolytes, acid-
base equilibrium and blood sugar values, (2.) substitution
of zinc, and (3.) compensation of hypovolaemia. • Meta-
bolic alkalosis should not be balanced, since it is import-
ant for the urea cycle.

These measures apply equally to all forms of hepatic
encephalopathy and to all degrees of severity � and
they are part of the imperative prophylaxis of he-
patic encephalopathy.

9.2 Basic therapy

9.2.1 Intestinal cleansing

Intestinal cleansing effects the removal of nitrogenous
substances and toxins from the intestine, particularly in
cases of gastrointestinal haemorrhaging, increased in-
take of animal protein and obstipation. In HE, intesti-
nal cleansing is always indicated, modified according to
the respective degree of severity. (s. tab. 15.6).

Enemas may be necessary in acute and severe coma epi-
sodes, with highly constipated patients or in cases of
massive gastrointestinal bleeding. Occasionally, a rectal
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enema can provide adequate purgation of the rectal am-
pulla and the lower sections of the colon. A high enema
should reach the entire colon up to the caecum. This
can be accomplished by initially effecting insertion with
the patient in a left-side position, subsequently in a
supine position combined with the simultaneous lifting
of the lower abdomen and finally in a right-side posi-
tion. The volume used should be at least 1,000 ml. Both
sodium acetate buffers (pH 4.5) and lactulose (300 ml
lactulose with 700 ml water, twice a day) have proved
efficacious. (161)

Oral purgatives, more reliable when applied by drip in-
fusion via the nose and stomach, are mostly quite ad-
equate. They have a swift and reliable effect. For ex-
ample, 1,000 ml of a 10% mannite solution with an in-
fusion time of 60�90 minutes achieve virtually complete
purgation of the intestinal tract over the following 3 or
4 hours by way of osmotic diarrhoea. In cases of gastro-
intestinal bleeding, the mannite solution should be sup-
plied to the stomach via a tube until the rectal run-off
liquid is clear. The isotonic Golytely solution (sodium
hydrogen carbonate, KCl, NaCl, NaSO4, polyethylene
glycol) has proved most successful. Likewise, 50�100
ml of a 20 or 30% MgSO4 solution or 2,000 ml of a 10%
mannitol solution can be administered per day through
a nasogastral tube. This intensive intestinal cleansing is
continued by treatment with lactulose. As a rule, in sub-
clinical HE and in stage I, oral administration of lactu-
lose is sufficient. • Activated charcoal may be added (or-
ally or rectally) to bind aromatic substances.

9.2.2 Dietary measures

The dietary treatment of patients with chronic liver disease is
ranked highly as a therapeutic measure. Thought must be given to
the fact that the energy metabolism and the nutritive status of cir-
rhotic patients are at the level of long-standing inanition. • This
was confirmed by the fact that a quantitatively and qualitatively
adequate diet for dogs with Eck’s fistula (� portacaval shunt) pre-
vented the development of muscular atrophy and encephalopathy.
(s. p. 264) • In patients with alcohol-related, stable liver cirrhosis,
hyperalimentation improved the synthesis of proteins without the
patient being exposed to the danger of HE.

The protein balance is normally in a steady state with a
protein intake of some 1.5 g/kg BW/day. In HE, how-
ever, it is imperative to restrict the protein intake. In sub-
clinical HE, the protein quantity should be reduced to
about 40g/day (ca. 0.6 g/kg BW), in stages I and II to
approx. 30 g/day (ca. 0.4 g/kg BW), and in individual
cases even to protein deficiency for a period of 1 to 3
days � which is not difficult to carry out. In stages III
and IV, an optimal diet can only be provided by a gas-
tric feeding tube and i.v. solutions. (134) The oral protein
intake should comprise vegetable protein and lactal-
bumin, since these are best tolerated by patients exposed
to the danger of HE. Vegetable proteins contain less
methionine and aromatic amino acids, yet more orni-
thine and arginine. • Cheeses containing ammonia
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should be avoided, as should fish, eggs and meat; blood
is least tolerated. (As long ago as 1893, M. Hahn trig-
gered “meat intoxication” with ataxia, convulsions, stu-
por and coma after feeding meat to dogs with Eck’s
fistula.) An individually adjusted balance between lact-
albumin products and vegetable proteins is necessary
with a view to better tolerability and acceptance. (9, 69,
89, 117, 120, 125, 128, 133, 135, 162)

At intervals of 3 to 5 days, the lactovegetable protein
intake is steadily increased by about 10 g, until a daily
intake of 1�1.5 g/kg BW (in the long term up to a total
of 80�100 g/day) is attained, provided this is tolerated.
The protein tolerance threshold for lactovegetable pro-
tein and for the integration volume of animal protein
can be determined with sufficient reliability by psycho-
metric tests. (s. p. 203) (s. tabs. 10.6�10.9) • All cirrhosis
patients (or chronic liver patients) have their own protein
tolerance threshold. • Subsequent monitoring under out-
patient conditions is carried out by the patients them-
selves in the form of self-checking, using a documen-
tation sheet. (s. fig. 15.3) The use of the blood ammonia
level for follow-up monitoring is unsuitable because of
the sensitive pre-analysis and the low degree of re-
liability. • With a permanent albeit necessary restriction
of protein intake to < 60 g/day, the protein balance can
be improved by the administration of protein compounds
(enriched with vitamins and trace elements) or
branched-chain amino acids. Catabolism has to be avoi-
ded at all costs!

A calorie intake of 1,800�2,500 kcal/day (ca. 30 kcal/
kg BW/day) is guaranteed by the adequate adminis-
tration of fats (70�140 g) and carbohydrates (280�325
g). Consideration should be given to the fact that cir-
rhotic patients show a resistance to insulin and a glucose
intolerance, with a tendency to develop a diabetic meta-
bolic condition. For this reason, it might well be neces-
sary to administer insulin. Carbohydrates reduce the
plasma levels of ammonia and free tryptophan.

� Fructose, xylitol and sorbitol should not be used in view of the
danger of lactate acidosis. • Restraint is likewise called for with the
application of medium-chain triglycerides, since substances such as
octanoate are only metabolized slowly and also deemed to be po-
tentially neurotoxic.

Vitamins: In particular, water-soluble vitamins have to
be provided in adequate quantities. With a carbohydrate
diet and alcoholic liver disease, the daily requirement is
higher. A daily intake of multivitamins, best combined
with trace elements and minerals, is recommended. As a
rule, liposoluble vitamins are best administered by par-
enteral route due to inadequate absorption. • The thera-
peutic significance of zinc (s. pp 50, 99) should always
be borne in mind. (34, 153, 155, 169)

9.3 Standard therapy

If possible, standard therapy should have an impact on
both the intestine and the liver. The intestinal tract is
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Latent Manifest HE Chronic
HE I�II III�IV persistent HE

Elimination of causative and �� �� �� ��
trigger factors

Intestinal cleansing � �� �� �

Restriction or adjustment � �� �� �
of protein intake

Lactulose �� �� �� ��

Intermediates of the urea cycle � �/�� �/�� �

Branched-chain amino acids � �� � �

Zinc � �� �� �

Antibiotics � �� �� �

Flumazenil � � �� �

Tab. 15.6: Recommendations for therapy
in various forms and stages of HE
(� � not recommended, � � recom-
mended or important in individual cases,
�� � important)

an important source of potentially toxic protein cata-
bolites and endotoxins. (s. tab. 15.1) The liver must be
able to cope at all times with the requisite detoxification
and the respective cellular metabolic reactions. (44, 49,
83, 143, 156)

9.3.1 Lactulose

Since 1966, lactulose has been considered the therapy
of choice in the treatment (and prophylaxis) of HE. (s.
p. 858)

Its undisputed efficacy can be explained by the interaction between
several pharmacological mechanisms (e.g. prevention of the ab-
sorption of ammonia or catabolic suppression of the protein
metabolism of the intestinal bacteria due to a surplus of carbo-
hydrates). As a result, ammonia and GABA (and apparently octo-
pamine) are generated to a lesser extent in the intestine. Lactulose
also has an anti-endotoxin impact and inhibits the splitting of glut-
amine in the mucosa of the small intestine. This inhibitory effect
is also brought about by lactulose if the intestinal flora has been
largely suppressed by antibiotics. (s. p. 280) Likewise detectable is
an increased excretion of nitrogen in the stools. (s. tab. 15.6)

The dosage depends on the individual reaction and must
be selected in such a way that two or three stools are
purged off each day (“never less than 2, never more than
3”). With this dosage, the colon pH value lies in the
required range below 6.0. Lactulose is administered in
two or three single doses, each dose being adjusted in
order to attain the required number of stools. Lactulose
is deemed to be a long-term therapeutic measure, since
it can (and should) be used for an unrestricted length of
time, above all in patients at risk of encephalopathy. (121,
132, 139, 142, 154, 164, 165, 167)

Adverse effects are nausea, vomiting and lack of appetite
(usually because of the sweet taste) as well as flatulence,
meteorism and tenesmus (owing to the formation of gas
in the intestine). Dehydration and electrolyte imbalance
should not arise if two or three stools a day are main-
tained. Compliance on the part of the patient is con-
siderably restricted due to the very sweet taste of lactu-
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lose. • Pleasant in taste, in contrast, are (1.) crystalline
lactulose in the form of granulate, (2.) lactulose bound
with lemon oil, and (3.) lactitol.

Lactitol has the same pharmacological effects, appli-
cation guidelines and clinical results as lactulose, but with
a better degree of acceptance in terms of taste and more
rapid results. It is administered as a powder, mixed into
drinks or food. The daily dosage (0.5�0.7 g/kg BW) is ad-
justed to the required 2 or 3 stools/day. (141, 154)

Nicotine hydroxamic acid is a urease inhibitor which reduces am-
monia formation in the intestine. This substance has no systemic
side effects. In a controlled double-blind study, it proved to be
superior to treatment with neomycin (C. Hirayama et al., 1982).

Probiotics are defined as microbial preparations of living micro-
organisms having a “positive” effect on the intestinal flora after
oral administration (R. Fuller, 1989). Bacterial cultures such as
those derived from Lactobacillus acidophilus, Lactococcus lactis,
Enterococcus faecium (see below), Bifidobacterium bifidum (see
below), Lactobacillus casei and Lactobacillus thermophilicum
have proved reliable.

Enterococcus faecium has proved to be equivalent to treatment
with lactulose in patients suffering from cirrhosis and HE stages I
and II. There has been no evidence of side effects. (139)

Lactose has a laxative effect when there is lactose intolerance in
the intestinal mucosa (congenital or acquired). It is still not clear
whether lactose and lactulose affect the intestinal flora and its
metabolism. (Certain quantities of lactose are usually contained as
an additive in lactulose syrup!) (164)

Bifidum milk is a compound of bifidobacteria, lactose, lactulose,
galactose and protein. The dosage is 3 � 12 to 3 � 48 g/day, always
postprandial. Even with long-term treatment, there are no side
effects that are worth mentioning. (139)

9.3.2 Intermediates of the urea cycle

� As early as 1932, H. A. Krebs and K. Henseleit established that of
the investigated amino acids, only ornithine was able to effect a real
increase in the synthesis of urea from ammonia (although arginine
also displayed low efficacy). (quot. 57) • Thus it seemed possible to
raise the turnover of ammonia in the metabolism process by using
intermediates of the urea cycle. (127) (s. tab. 15.6) (s. fig. 3.10) To this
end, ornithine aspartate (oral and parenteral route), arginine malic
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acid (oral route only), ornithine �-ketoglutarate (only available as i.v.
infusion) and sodium benzoate (122, 159) were used.

Urea synthesis takes place mainly in the periportal hepa-
tocytes. Ornithine has a threefold effect on urea synthesis
in the detoxification of ammonia: (1.) as a substrate of
urea synthesis, (2.) as an activator of carbamoylphos-
phate synthetase, and (3.) as an activator of ornithine
carbamoyltransferase. Together with aspartate, ornithine
also reinforces glutamine synthesis, which serves to de-
toxify ammonia temporarily. Glutamine synthesis (add-
ition of ammonia to glutamate) takes place in the peri-
venous hepatocytes. The influence of aspartate is two-
fold: (1.) as a substrate in the formation of glutamine
and (2.) as an activator of glutamine synthesis. Gluta-
mate, ornithine and other dicarboxylates are taken up
and serve as initial substances for the synthesis of glut-
amine in perivenous scavenger cells. Recent experimental
and clinical results confirm the justification as well as
the success of these substances as components of the
therapy plan for HE. In therapeutical terms, ornithine
aspartate is available as an intermediate of the urea and
citric acid cycles. Depending on the severity of HE, this
substance is used in granulate form or as a chewing tab-
let (3 � 3 to 3 � 6 g/day) or administered as a concen-
trated i.v. solution with 2�4 (�8) � 5 g/day. (136, 157,
158) (s. p. 862)

Sodium benzoate: Sodium benzoate has already been successfully
used to treat congenital enzymatic defects of the urea synthesis (M. L.
Batshaw et al., 1981). In HE, the administration of sodium benzoate
or sodium phenylacetate (each 10 g/day) achieved clinical success
equivalent to lactulose therapy in ca. 80% of cases. (122, 144, 159)
These substances (which are cheap and practically free of side ef-
fects) lead to an increased excretion of nitrogen through the conju-
gation of glycine and glutamine, whereby ammonium is bound as
hippuric acid and excreted renally (bypassing the urea cycle).

9.4 Branched-chain amino acids
The application of branched-chain amino acids (BCAA) was based
on the therapeutic target of compensating for the surplus of aro-
matic amino acids in order to suppress the synthesis of false neuro-
transmitters. Nevertheless, up to now, (1.) no correlation has been
found between the amino acid imbalance in the plasma and the
degree of severity of HE, (2.) no temporal correlation has been
established between the normalization of the amino acid im-
balance and the improvement of HE, and (3.) no influence has
been detected on normal neurotransmitters in the CSF. These three
counterarguments are, however, the subject of controversy and
critical discussion.

The undoubtedly genuine efficacy of branched-chain amino acids
cannot be explained merely by the improved metabolism of am-
monia, but also by their complex influences on the metabolism of
the muscles, liver and brain. The wide range of results may be
the outcome of applying various test parameters as well as using
different, possibly even unfavourable additives (xylitol, sorbitol,
fructose, fats, etc.) Some 18 studies have been evaluated, but an
ultimate assessment of the efficacy of BCAA on HE has not yet
been achieved. (124)

In biochemical terms, the following effects on HE can be expected
from branched-chain amino acids: (1.) decrease in protein catab-
olism of the musculature and liver, (2.) improvement of protein
synthesis in the musculature (particularly induced by leucine), (3.)
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improved urea synthesis in the liver (with higher concentrations of
ornithine and N-acetylglutamate in the mitochondria), (4.) im-
provement of the nitrogen balance, (5.) reduction in the release of
aromatic amino acids from the muscles, (6.) rise in glutamate and
glutamine in the brain, and (7.) increase in oxydative phosphoryl-
ation in the brain in the form of an enhanced aspartate-malate
shuttle.

Hence branched-chain amino acids are important energy car-
riers, providing a suitable protein input for patients insufficiently
supplied with or intolerant to proteins as well as for cases of
increased catabolism in latent or manifest HE.

A daily dosage of 0.3 g/kg BW is recommended (approx.
3 � 10 g). The use of BCAA has become established for
latent and manifest HE. It has even been possible to
render patients fit to drive again. No side effects are
known. The efficacy of branched-chain amino acids as
parenteral i.v. therapy is well validated for the severe
stages II�IV of HE. The concomitant intake of arginine
and ornithine aspartate has proved to be particularly
effective. (127) Fatty emulsions are to be avoided since
they release tryptophan from the albumin binding and
inhibit the utilization of branched-chain amino acids in
the musculature. (123, 126, 129, 131, 133, 138, 140, 145,
148�151, 170) (s. p. 860)

9.5 Antibiotics

Neomycin: Since 1957, neomycin, which can only be
minimally absorbed in the intestine, has been success-
fully used in the treatment of HE (A.M. Dawson et al.).
A dosage of 6�8 g/day (oral or via stomach tube) is
recommended initially, with a subsequent reduction to
2�4 g/day, in 3 or 4 individual doses. A daily frequency
of 2 or 3 stools should be achieved. Despite the min-
imal, individually variable absorption quantity (1�3%
of the administered dose), ototoxicity and/or nephrotox-
icity can occur as side effects. Moreover, when applied
for longer periods or in higher doses, there is a risk of
a malabsorption syndrome or intestinal bacterial super-
infection as well as mycotic colonization of the intesti-
nal tract. Neomycin should therefore only be used as a
short-term therapy in stages II�IV of HE. A period of
treatment lasting more than one week calls for a strong
indication and careful patient monitoring. Following
initial treatment with neomycin, a one-day overlap with
subsequent long-term lactulose treatment has proved
successful. The combined application of neomycin and
lactulose may prove more effective for therapy-resistant
patients because of its impact on various intestinal bac-
terial populations (F.R. Cockerill et al., 1992). The prin-
ciples of dosage and monitoring must be carefully ob-
served. The mode of action of neomycin is complex: pro-
duction of ammonia, alanine and glutaminic acid is re-
duced in the intestine, absorption of ammonia is
impaired, and uptake of glutamine by the mucosa cells
is inhibited. (121)

Paromomycin: In place of neomycin, paromomycin can
be administered in an initial dose of 3�4 g/day, with
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subsequent reduction to 1�2 g/day, in three or four in-
dividual doses. With regard to side effects, there seem
to be certain advantages compared to neomycin: serum
values are lower and of shorter duration, the serum plat-
eau level area is about 2.5 times smaller, and it has a
lower affinity to tissue.

Metronidazole: Up to 99% of the intestinal anaerobes
that are largely responsible for the bacterial formation
of ammonia are affected by metronizadole. Its efficacy
corresponds to that of neomycin and paromomycin.
The mode of action is still unresolved. The dosage is
3(�4) � 0.4 g/day with subsequent reduction to 2 � 0.4
g/day provided two or three stools can be produced each
day. When used for longer periods, peripheral neuro-
pathies can occur. For this reason, initial treatment with
metronidazole should be replaced as soon as possible
by long-term lactulose therapy. (147)

Vancomycin is known as a reserve antibiotic. It has been
successfully used in patients with lactulose therapy fail-
ure. (160) Above all, vancomycin reduces the bacteroides
population. The recommended dosage is 4 � 0.5 g/day.

When applied over a longer period of time and/or in higher
doses, all of these antibiotics give rise to considerable side ef-
fects. Furthermore, the daily requirement of tablets is large, e.g.
with neomycin (à 500 mg) or with paromomycin (à 250 mg), it
amounts to 12�16 tablets per day. This often presents certain
difficulties. The costs are considerable. In contrast, lactulose
costs merely 1�2 (�3) US dollars/day, has no or only minimal
and harmless side-effects and is acceptable in usage � therefore
it is the drug of choice, also in terms of expense.

9.6 Specific or adjuvant therapy

� The multifactorial aetiology and complexity of the
pathogenesis together with the increasingly poor prog-
nosis in terms of irreversible brain damage or lethality
substantiate the use of “obvious” polypragmasy. This
approach is also rendered plausible because specific
pathogenic factors call for appropriate polypragmatic
measures. From this point of view, “liver insufficiency”
requires a therapy spectrum comparable to that used
for “cardiac insufficiency” or “renal insufficiency”, with
equally specialized or adjuvant/supportive measures.

Neuropharmaceuticals: Given the neuropsychiatric
symptoms of HE and considering the disorders of the
neurotransmitter system, certain neuropharmaceuticals
have started to attract attention. These are nootropic
substances and benzodiazepine antagonists. They can
be applied in patients resistant to other therapies.

Flumazenil: In 1985 the assumption that GABAergic neu-
roinhibition is increased in HE led to the therapeutic use
of the benzodiazepine antagonist flumazenil (G. Bansky et
al.). (116) An improvement in the neuropsychiatric symp-
toms of HE was achieved in 66% of patients. The recom-
mended dosage is 0.2�0.3 mg i.v. bolus, followed by 5 mg/
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hour as i.v. infusion. Remarkable arousal effects and un-
expected long-term success (50 mg/day orally) were de-
scribed even in hepatic coma. In severity stage III of HE
improvement occurred in 93% of cases, and in stage IV
the rate was 48%. (5, 118, 119, 130, 137, 152) Recently, a meta-
analysis showed that flumazenil improves clinical and
electroencephalographic findings regarding HE in cir-
rhotic patients. (127)

L-dopa, a precursor of the neurotransmitters norepine-
phrine and dopamine, was introduced into HE therapy by
J.D. Parkes et al. in 1970. The results were good. As yet,
there is still no accepted opinion on the use of this sub-
stance. • Piracetam, as a nootropic substance, led to a
clear improvement in typical electrical brain activities in
animals displaying hepatic damage and symptoms of
encephalopathy. • Similarly, a double-blind randomized
cross-over study with the nootropic agent centropheno-
xine partly showed positive effects in psychometric test-
ing. • Bromocriptine, an agonist of the dopamine receptor,
was also used in 1980 for chronic hepatic encephalopathy.
(146, 163) • Application of L-carnitine (6 g/day orally, di-
vided into two doses, for 4 weeks) leads to a marked re-
duction of hyperammonaemia and a clear improvement
in clinical symptoms of HE in cirrhotic patients. (119) (s.
p. 49)

9.7 Early detection and therapeutic success

The early detection of HE, if possible at the stage of
latency or no later than in stage I, guarantees the best
therapeutic results under outpatient conditions and
thus avoids considerable cost-intensive hospital treat-
ment.

Elimination of the causative factors of HE, insofar as
this is possible at all, is the prerequisite for successful
therapy. It is necessary because HE is seen as a poten-
tially reversible impairment of brain functions, particu-
larly in the “precoma” stages.

The various channels of pathogenetically and/or experi-
mentally substantiated and clinically tested types of
therapy applied as a graduated therapy concept are justi-
fied in HE � even though as a rule polypragmasy is to
be viewed with some scepticism. Medication is based on
the particular degree of severity of HE, the individual
reaction of the patient and possible adverse effects.

References:
1. Amodio, P., del Piccolo, F., Marchetti, P., Angeli, P., Iemmolo, R., Care-

garo, L., Merkel, C., Gerunda, G., Gatta, A.: Clinical features and
survival of cirrhotic patients with subclinical cognitive alterations by
the number connection test and computerized psychometric tests.
Hepatology 1999; 29: 1662�1667

2. Amodio, P., del Piccolo, F., Petteno, E., Mapelli, D., Angeli, P., Iem-
molo, R., Muraca, M., Musto, C., Gerunda, G., Rizzo, C., Merkel, C.,
Gatta, A.: Prevalence and prognostic value of quantified electroence-
phalogram (EEG) alterations in cirrhotic patients. J. Hepatol. 2001;
35: 37�45

3. Arora, A., Seth, S., Acharya, S.K., Sharma, M.P.: Hepatic coma as a
presenting feature of constrictive pericarditis. Amer. J. Gastroenterol.
1993; 88: 430�432



Chapter 15

4. Barsotti, R.J.: Measurement of ammonia in blood. J. Pediatr. 2001;
138 (Suppl.): 11�19

5. Basile, A.S., Jones, E.A., Skolnick, P.: The pathogenesis and treatment
of hepatic encephalopathy: evidence for the involvement of benzodia-
zepine receptor ligands. Pharmacol. Rev. 1991; 43: 27�71

6. Basile, A.S., Jones, E.A.: Ammonia and GABA-ergic neurotransmis-
sion: interrelated factors in the pathogenesis of hepatic encephalopathy.
Hepatology 1997; 25: 1303�1305

7. Belay, E.D., Bresee, J.S., Holman, R.C., Khan, A.S., Shahriari, A.,
Schonberger, L.-B.: Reye’s syndrome in the United States from 1981
through 1987. New Engl. J. Med. 1999; 340: 1377�1382

8. Bernardini, P., Fischer, J.E.: Amino acid imbalance and hepatic en-
cephalopathy. Ann. Rev. Nutr. 1982; 2: 419�454

9. Bessman, A.N., Mirik, G.S., Hawkins, R.: Blood ammonia levels fol-
lowing the ingestion of casein and whole blood. J. Clin. Invest. 1958;
37: 990�998

10. Blom, H.J., Ferenci, P., Grimm, G., Yap, S.H., Tangerman, A.: The
role of methanethiol in the pathogenesis of hepatic encephalopathy.
Hepatology 1991; 13: 445�454

11. Bosman, D.K., Deutz, N.E.P., Graaf, de, A.A., Hulst, van der, R.W.N.,
Eijk, van, H.M.H., Bovée, W.M.M.J., Maas, M.A.W., Jörning, G.G.A.,
Chamuleau, R.A.F.M.: Changes in brain metabolism during hyperam-
monemia and acute liver failure: results of a comparative „H-NMR
spectroscopy and biochemical investigation. Hepatology 1990; 12:
281�290

12. Brown, J.K., Imam, H.: Interrelationships of liver and brain with spe-
cial reference to Reye syndrome. J. Inher. Metabol. Dis. 1991; 14:
436�458

13. Bullimore, D.: The role of polyamines in hepatic encephalopathy and
cerebral oedema. Europ. J. Gastroenterol. Hepatol. 1993; 5: 63�67

14. Bustamante, J., Rimola, A., Ventura, P.J., Navasa, M., Cirera, I., Reggi-
ardo, V., Rodes, J.: Prognostic significance of hepatic encephalopathy
in patients with cirrhosis. J. Hepatol. 1999; 30: 890�895

15. Butterworth, R.F.: The neurobiology of hepatic encephalopathy. Semin.
Liver Dis. 1996; 16: 235�244
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16 Oedema and ascites

1 Water and electrolyte balance

Water is the most indispensable factor of life. By
means of carefully coordinated regulatory mechan-
isms, the water equilibrium and hence the reservoir of
body water is held constant. It is important to keep
water intake and output in balance to maintain iso-
volaemia. (s. fig. 16.1)

Water is present in a free (non-osmotically bound) state and as a
chemically bound hydrate solid structure. • The clearance of free
water is controlled by vasopressin; it is calculated from the volume
of urine/minute minus the osmolal clearance. A normal daily fluid
intake of 1,700�2,200 ml (25�30 ml/kg BW) in addition to some
300 ml oxidation water is balanced by a fluid discharge of approxi-
mately 1,500 ml as urine, about 100 ml in stools, roughly 600 ml
as perspiration and some 400 ml as expired air. (s. fig. 16.1)

About 60% of the body’s weight (ca. 55% in women) consists of
water. The reservoir of body water is distributed between the intra-
cellular space (ca. 40% of BW) and the extracellular space (ca. 20%
of BW). The extracellular compartment consists of plasma fluids
(ca. 4% of BW) and interstitial water (ca. 16% of BW), the latter
also containing transcellular water (ca. 2.5% of BW). Because of
its high degree of permeability, the body water is evenly shared
between the intracellular and extracellular compartments. The
water distribution between plasma and interstitium, regulated by
Starling’s forces, depends on the hydrostatic and colloidosmotic
pressure gradients along the capillary walls. • Disturbances in the
excretion of water are derived from (1.) an increase in ADH
activity, (2.) a reduction in distal filtrates available in the nephron,
and (3.) greater absorption of water in the distal nephron, inde-
pendent of ADH. Disruptions in the body water pool cause
changes in serum sodium or serum osmolality.

Fig. 16.1: Fluid spaces and
exchange of water (blood
plasma � interstitial fluid �
extracellular space, intracellular

Urine (ca. 1,500 ml)

Stool (ca. 500 ml)

(ca. 600 ml) Skin

(ca. 400 ml) Lung

Oxidation water
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Blood plasma
= 4% body weight
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membrane

Interstitial fluid

= 16 % body weight

(including transcellular fluid

 = 2.5%  body weight)

Cell

membrane

Intracellular fluid
= 40 % body weight

Z
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Fluid intake
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Electrolytes are subject to dissociation into negatively
charged anions and positive cations. The vital electro-
lyte balance guarantees the respective uptake and dis-
charge and ensures the correct presence and distri-
bution. This regulatory process is closely linked to the
water equilibrium. The intracellular and extracellular
spaces differ in their electrolyte content. (s. tab. 16.1)

Plasma Interstitial Intracellular
space (mval/l) space (mval/l)

Cations
Sodium 142 145 10
Potassium 4 4 160
Calcium 5 5 2
Magnesium 2 2 26

153 156 198

Anions
Chloride 101 114 3
Bicarbonate 27 31 10
Phosphate 2 2 100
Sulphate 1 1 20
Organic acids 6 7 �
Proteins 16 1 65

153 156 198

Tab. 16.1: Constituents of the most important electrolytes (in
mval/l) in extracellular and intracellular fluid

� An ionogram of the fluid spaces compares the cation and anion
content in milliequivalents, since it is not the weight, but the chem-



Oedema and ascites

ical-binding potential (mval) of the ions that determines the elec-
trochemical reactions between them. The electrolytes, which are
partially integrated into the structures of the cells, do not develop
any osmotic activity. For this reason, there is no osmotic gradient
between the intracellular and extracellular space despite the differ-
ence in the distribution of ions (153 and 156/198 mval). • Apart
from this, the ionogram also provides information on the osmotic
pressure (mosmol) of the respective fluid. This value does not
depend on valence, but on the number of particles dissolved in
each litre of solution (� osmolarity; mmol/l) or per 1 kg water (�
osmolality; mosmol/kg). All fluids with an osmolality of 285�295
mosmol/kg are isotonic with respect to plasma. (With 1-valent
ions, mval, mmol and mosmol are identical; with 2-valent ions, 2
mval correspond to 1 mmol or 1 mosmol). The osmolality of urine
is twofold to threefold the osmolality of serum (up to ca. 1,300
mosmol). • The normal pH value ranges between 7.35 and 7.45 in
the extracellular fluid (blood plasma and interstitium) and between
6.8 and 7.0 in the intracellular fluid.

A number of transport systems guarantee the differing compos-
itions of intracellular and extracellular fluid. Ion displacement
gives rise to the development of concentration gradients between
these two compartments. Water flows passively through the cell
membranes in the direction of the hyperosmolar space. The regu-
latory mechanism of the so-called Donnan equilibrium takes effect
(and generates a relative condition of ion equilibrium). To a certain
extent, the compensation of osmolarity between the intracellular
and extracellular spaces by way of fluid displacement in line with
the Darrow-Yanett principle supports the homoeostasis process
with the aim of maintaining iso-osmosis.

Isotonicity of the extracellular space is regulated by (1.)
thirst mechanism, (2.) ADH, and (3.) dilution and con-
centration potential of the kidneys. • Maintenance of
extracellular isovolaemia is effected by a change in renal
sodium excretion. For this reason, disturbances in the
sodium supply primarily result in changes in the extra-
cellular fluid volume. • Isohydria is also continually
regulated within the normal range.

� When fever occurs, the organism loses about 500
ml fluid and some 25 mmol salts per day for each one-
degree rise in body temperature.

2 Definition

Depending on the extent of the extracellular volume,
disorders of water and sodium balance are categor-
ized as dehydration (� hypovolaemia) and hyper-
hydration (� hypervolaemia). In accordance with the
behaviour of serum osmolality and serum sodium,
these conditions of hydration are subdivided into iso-
tonic, hypotonic and hypertonic forms. Should it no
longer be possible to achieve iso-osmosis owing to
sustained or permanent disruptive mechanisms, the
physiological regulatory processes gain ever-increas-
ing pathophysiological significance � creating a
vicious circle.

2.1 States of hydration

In the field of hepatology, three varying states of
hydration are important:
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(1.) Isotonic dehydration due to isotonic loss of fluid on account
of diuretic therapy, diarrhoea, ascites taps or loss of blood
(� extracellular space decreased, overall sodium status depressed,
serum osmolality and serum sodium normal).

(2.) Hypotonic dehydration as a result of the loss of sodium from
long-term diuretic therapy and from diarrhoea as well as due to
inadequate sodium intake (� extracellular space decreased, intra-
cellular space increased, overall sodium status depressed, surplus
of free water, hypo-osmolality and hyponatraemia).

(3.) Isotonic hyperhydration due to hypernatraemia with gen-
eralized oedema in decompensated liver cirrhosis (� extracellular
space enlarged, overall sodium status elevated, serum osmolality
and serum sodium normal).

2.2 Oedema and anasarca

The term oedema (το οiδηµα � the swelling) de-
scribes an increase in the extracellular fluid volume
as a result of isotonic hyperhydration. Oedema is a
symptom with multiple causes, yet not an illness. •
The term anasarca refers to a massive, generalized
soaking of the subcutaneous tissue (“tissue dropsy”).
(s. fig. 16.2)

Fig. 16.2: Pronounced anasarca in portal ascites as a result of al-
coholic cirrhosis

Anasarca is a circumscribed or diffuse, practically pain-
less accumulation of serous liquid (generally poor in
protein at first, but in most cases) more rich in protein
later on in the skin, mucosa, parenchymal organs and
nerve tissue. • The clinical manifestation of oedema can
only be discerned during a physical examination if the
enlargement of the extracellular space amounts to at
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least 3�5 litres. Latent oedema (“pre-oedema”) can be
identified by an increase in body weight of >1 kg within
4�5 days. (s. fig. 15.2)

Oedema disease: It has not yet been clarified to what
extent the so-called oedema disease, a chronic general-
ized condition of hydration of the interstitial tissue, may
be regarded as a disease in its own right.

2.3 Ascites

� Erasistratos (ca. 300�250 BC) already recognized the connec-
tion between ascites and hepatic disease; he objected to the
puncturing of ascites as being a non-causal and unnecessary
measure. A. C. Celsus (30 BC�50 AD) postulated the link between
ascites and renal disease or a poor general condition (carci-
noma?); he coined the term “ascites”. (s. pp 6, 7) • In animal
experiments, it was possible to induce ascites by means of liga-
ture of the inferior vena cava below the diaphragm (R. Lower,
1671). F. Th. Frerichs (1858) frequently observed oliguria and
renal dysfunction in cirrhosis patients. In 1863 A. Flint was
able to demonstrate that in cirrhotic patients with ascites, the
morphology of the kidneys was normal � thus there must be
a functional disorder in the renal area. With portal hyperten-
sion, E. H. Starling (1884) and R. Heidenheim (1891) found an
increase in the lymphatic flow in the thoracic duct. • In 1943
D. Adlersberg et al. detected a reduced excretion of free water
in cirrhosis patients with ascites. Proof of increased sodium
retention was obtained by E. B. Farnsworth et al. in 1945. With
these observations, made some 60 years ago, two essential
pathophysiological findings were identified in cirrhosis-
induced ascites.

The term ascites (� hydraskos or abdominal dropsy) is
defined as an accumulation of fluid in the abdominal
cavity during the course of various diseases. Commen-
surate with the respective underlying disease, there is
no homogeneity in the aetiology and pathogenesis of
ascites. Hence ascites is not a disease as such, but
rather a symptom of the advanced or severe course of
an underlying disease. Generally, its prognosis is poor.
The two-year rate of survival is about 50%. In liver dis-
ease or liver cirrhosis, the occurrence of ascites can give
a clue to decompensation. • Usually, ascites occurs in
liver disease prior to the development of oedema.

Fig. 16.3: Fluid exchange
between plasma and interstitial

Interstitial tissue

+40 to +45 Hydrostatic +10 to +15
pressure

–25 to –30 Colloidosmotic –25 to –30
pressure

– 2 to – 0 Tissue pressure – 2 to – 5

Arterial Venous
crus crus

Effective filtration pressure

+10 to +15 –10 to –15

Interstitial tissue

Arteriole Venule

tissue (mm Hg)
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3 Pathogenesis

3.1 Oedematization
The filtration pressure (� difference between hydrostatic capillary
pressure and tissue pressure) furthers the discharge of plasma
fluid from the arterioles; as a result of the higher protein content
of the plasma, the colloidosmotic pressure promotes the backflow
of interstitial fluid into the venules. In the arteriole, the hydro-
static pressure is 40�45 mm Hg; it drops down to 10�15 mm
Hg in the direction of the venous capillary loop. Both the
colloidosmotic pressure and the tissue pressure remain
unchanged at �25 to �30 mm Hg or �2 to �5 mm Hg along
the arterial and venous parts of the capillaries. Consequently,
an effective filtration pressure of 10�15 mm Hg is generated in
the arterial capillary loop and of �10 to �15 mm Hg in the
venous loop. (s. fig. 16.3)

The pathogenesis of oedema is derived from a change
in these physical forces. The net flow from one com-
partment to the other is altered accordingly, as is the
volume of the respective fluid space. (s. fig. 16.1) A
disrupted distribution of the fluid can also be caused
by damage to the capillary endothelium as a result of
chemical, thermal, mechanical, toxic or immunological
influences. This gives rise to a greater degree of per-
meability with increased protein transfer into the
interstitium. • A reduction in the colloidosmotic pres-
sure along the passage of the capillary results in less
interstitial fluid being transported into the vascular
lumen. (s. tab. 16.2)

1. Deposition of interstitial liquid is augmented
� with increased hydrostatic capillary pressure
� with increased permeability of the capillary

endothelium

2. Removal of interstitial fluid is restricted
� with depressed colloidosmotic pressure in the

vascular lumen (e. g. hypalbuminaemia)
� with augmented protein transfer into the inter-

stitium
� with decreased lymphatic drainage

Tab. 16.2: Causative factors of oedematization
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The primary event in oedematization is the renal
retention of sodium, which provokes a greater feeling
of thirst with an increase in ADH secretion. The
result is renal water retention. • A total of about 1 litre
of water is retained per 140 mmol (ca. 3.3 g) sodium.

In liver diseases involving elevated hydrostatic pressure
(e. g. as a result of portal hypertension), the inflow of
fluid into the interstitium is increased, whereas the
return of fluid into the vascular bed is decreased due to
the depressed colloidosmotic pressure (e. g. as a result
of hypalbuminaemia). Likewise, a boost in capillary per-
meability leads to an outflow of fluid into the interstitial
tissue. (2, 5, 8, 12)

3.2 Formation of ascites

3.2.1 Mechanical factors

The complex pathogenesis of ascites calls for focus on
four mechanical factors. (s. tab. 16.3) The pathogenic
significance of the respective factors can differ consider-
ably in relation to the underlying diseases and at the
same time vary greatly from individual to individual.

1. Increase in hydrostatic pressure
� portal hypertension
� narrowing of the inferior vena cava at the level of the

diaphragm
� disruption of anatomic blocking mechanisms in the

hepatic veins

2. Reduction in colloidosmotic pressure

3. Disturbance of capillary permeability

4. Insufficiency of lymphatic drainage

Tab. 16.3: Mechanical factors in the formation of ascites

1. Increase in hydrostatic pressure: Portal hypertension as a result
of structural changes in the liver or its vessels, with peripheral and
sinusoidal impediment to the outflow of blood, leads to blood
stasis in the vessels, which are dilated by pressure. This inevitably
generates an increase in hydrostatic pressure. The sinusoidal
increase in pressure signals a greater retention of sodium in the
kidneys. Another possible cause of ascites is constriction of the
inferior vena cava at the level of the diaphragm resulting from
regeneration nodes found in cirrhosis, especially since the inflow
of blood into the liver is clearly increased at the same time. Disrup-
tions of the anatomic blocking mechanisms in the hepatic veins
may constitute further mechanical causes of elevated hydrostatic
pressure.

2. Reduction in colloidosmotic pressure: The colloidosmotic pres-
sure in the plasma is lower in liver cirrhosis patients. This results
from (1.) restriction in the synthesis of albumin (which is, however,
only clinically manifest after 3 or 4 weeks due to the half-life of
plasma albumin), (2.) greater loss of protein-rich fluid in the
abdominal cavity, and (3.) dilution of the vascular volume. A crit-
ical concentration of albumin in the plasma is deemed to be about
3 g/100 ml (ca. 435 µmol/l). Below this albumin value, there is a
clear correlation between portal hypertension and the formation
of ascites. • The coexistence of portal hypertension and hypalbumin-
aemia (critical concentration 2.5�3.0 g/dl) is an important pre-
requisite for the formation of ascites.
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However, the significance of the decreased colloidosmotic
(oncotic) pressure is not as great as has been hitherto assumed.
Nevertheless, when the hydrostatic pressure is raised at the same
time, incongruity between these two Starling forces is created, and
fluid escapes into the abdominal cavity. This process is greatly
furthered by the disparity between lymph production and lymph
transport. These mechanical factors (s. tab. 16.3) may effect the
formation of ascites, yet they cannot produce large quantities of
ascitic fluid. Such a development, however, can be expected if the
capillary permeability is additionally heightened due to toxic or
inflammatory causes.

3. Disturbance of capillary permeability: Capillary permeability is
increased by endotoxins, inflammations or immunological pro-
cesses. As a result, the degree of permeability for protein-rich fluid
is greater. For this reason, it is no longer possible to maintain
a colloidosmotic pressure gradient, which is why the hydrostatic
pressure (in the absence of any counteraction from the colloid-
osmotic pressure) triggers an outflow of fluid into the abdominal
cavity. In contrast to the sinusoids with their high potential per-
meability for protein-rich fluid, intestinal capillaries are only min-
imally pervious to protein, so that only low-protein fluid can pass
into the abdominal cavity. Because of structural changes in the
sinusoids, however, their degree of permeability to protein dimin-
ishes as the cirrhotic disease progresses.

4. Insufficiency of lymphatic drainage: Insufficiency of lymphatic
drainage is of paramount pathogenic importance, which is why the
theory of lymph imbalance became a subject of discussion regard-
ing the formation of ascites. (s. p. 294) Initially, it is possible to
compensate the increase in transsinusoidal lymph filtration by
greater drainage via dilated lymph vessels. (s. figs. 7.7; 16.4) The
normal capacity of the thoracic duct of 0.8�1.5 litres/day can
thereby be raised between 5 to 10 times the standard amount and,
with ascites, even to over 20 litres/day. In cases where the lymph
quantity is greater than the amount which can be removed, the
lymph passes from the liver surface into the abdominal cavity (�
mechanical or mural lymph vessel insufficiency). (s. tab. 16.4)

1. Dynamic lymph vessel insufficiency
Lymph volume �
Lymphatic drainage �

2. Mechanical lymph vessel insufficiency
Lymph volume �
Lymphatic drainage �

3. Mural lymph vessel insufficiency
Lymph volume �
Lymphatic drainage �

Tab. 16.4: Stages of lymph vessel insufficiency with cirrhosis (s.
fig. 16.4)

� This development may progress through to the
formation of numerous lymphcysts in the area of the
vascularized liver capsule and to the extravasation of
protein-rich lymph, above all via ruptured lymphcysts. •
Such a finding has often been observed during laparo-
scopy as so-called “liver weeping”. (s. fig. 16.5)

None of these mechanical factors can be considered
“ascitogenic” in their own right. Nevertheless, they
may be responsible for triggering a vicious circle in
the formation of ascites due to the full impact of the
mechanisms involved in elevated renal sodium and
water retention.
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Fig. 16.4: Lymphostasis in the region of the liver capsule of the
left liver lobe (lower part) and the falciform ligament

Fig. 16.5: Numerous, partially ruptured lymphcysts (light red,
dot-like ruptured openings) on the liver surface with extravasation
of protein-rich lymph (so-called “liver weeping”) in alcoholic
cirrhosis

3.2.2 Biochemical factors

A great number of humoral or hormonal substances are
involved in the formation of ascites, which is itself trig-
gered by mechanical or physical factors. (s. tab. 16.5)
Although the respective effects are largely known, their
pathogenic significance in the formation of ascites must
be rated differently in each individual case.

The difficulty in assessment is based on a number of
plausible reasons, which can also explain the differing,
often even controversial, examination results and the
interpretations derived from them:
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(1.) The formation of an active substance as well as its
inactivation or breakdown depend on the individual
functional capacity of the liver.

(2.) The signals necessary to activate or increase the
formation of a substance or a regulatory system depend
on the point in time and intensity of a specific patho-
physiological situation as well as on the respective liver
disease and the developmental phase of the ascites.

(3.) The various active substances as well as the sym-
pathetic nervous system display a multitude of inter-
actions, so that it is probably not so much the measuring
of the individual factors that allows assessment of the
respective pathophysiological situation, but rather their
collective interpretation.

(4.) A number of individual feedback effects of the bio-
chemical and nervous regulatory systems intervene in
the various pathogenic phases, as outlined in the differ-
ent ascites theories. (s. p. 294)

Renin �
Angiotensin II �
Aldosterone �, N

Antidiuretic hormone (ADH) �

Prostaglandin E2 �
Prostacyclin �
Thromboxane �

Atrial natriuretic factor (ANF) �, N
Renal natriuretic factor (RNF) ?

Prekallikrein �
Bradykinin �

Endotoxins �

Endothelin �

Oestrogens �, ?
Prolactin �, ?

Catecholamine �

Tab. 16.5: Predominant changes in the concentration of biochem-
ical factors in the blood and urine in portal ascites (N � normal)

1. Renin-angiotensin-aldosterone system (RAAS): The
first description of aldosterone (S.A. Simpson et al., 1953)
reflected awareness of its sustained effects on the elec-
trolyte balance, which is why this hormone secreted by
the adrenal cortex was originally given the name electro-
cortin. Aldosterone differs from the other adrenal cortex
hormones by one “aldehyde oxygen”, from which the
name ald-o-sterone was derived.

Normally, the activity of the renin-angiotensin-aldosterone system
is kept in balance by its own feedback mechanisms. Liver diseases
have a lasting impact on this regulatory system by changing the
formation and breakdown of the substances involved. • The main
stimuli of the RAAS are hypovolaemia, hypotension, hypoxia,
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hyponatraemia, hyperkalaemia and an inadequate renal circula-
tion, as well as upright posture or physical strain; the ancillary
stimuli include adrenocorticotropin (ACTH), thyroxine, oestrogen,
ammonia and serotonin, to name but a few. Yet the extent to which
these factors play either a primary or a secondary role in the
individual instance of ascites formation is still not clear. • Given
a half-life of aldosterone of 30�35 minutes in the circulating
blood, the effect sets in within 45�60 minutes mainly at the distal
tubular nephron as a sensitive regulator of sodium transport by
stimulating the sodium-potassium ATPase at the interstitial cell
membrane. • A rise in aldosterone leads to hypernatraemia (with
retention of water), loss of potassium (with a hypokalaemia syn-
drome), loss of H-ions (with a tendency towards metabolic alka-
losis) and loss of magnesium and chloride. • Angiotensin II effects
a contraction of the vasa efferentia and reinforces the absorption
of sodium at the proximal tubular nephron with subsequent reten-
tion of water. The serum levels of renin and aldosterone are closely
correlated. The increased renin values do not depend on the degree
of severity of ascites. Even with a redistribution of the intrarenal
blood flow from the cortex, which is normally especially well-sup-
plied with 80�90% to the renal medulla (� shift development), a
greater release of renin results with higher aldosterone values. •
Nevertheless, augmented serum values of aldosterone are only
detectable in some of the patients with severe liver disease. This
finding together with the wide fluctuation range of renin and
aldosterone values as well as an absence of the circadian rhythm
of the RAAS show that highly diverging values can be found with
the different phases of activity of the RAAS in the pathophysio-
logical stages of ascites.

� In cases of severe liver disease or advanced cirrhosis,
the occurrence of secondary aldosteronism must always
be anticipated and initially rated as an epiphenomenon.
Nevertheless, at a certain point, the activated RAAS can
act as a signal for a boost to the renal retention of
sodium and may intervene in the pathogenesis of ascites.
The aldosterone value and the renal excretion of sodium
are closely and inversely correlated. Yet a higher aldos-
terone value is not always accompanied by a reinforced
retention of sodium. This is particularly the case if the
feedback by means of sodium is ineffective (� escape
phenomenon). The refilling of the plasma volume may
well lead to normalization of the renin and aldosterone
values, yet not to normalization of the sodium excre-
tion. The reduction in increased aldosterone values is
usually accompanied by reinforced natriuresis and
diuresis � as has been observed after bilateral adrenal-
ectomy. (s. p. 315) Cirrhosis patients with ascites thus
usually show a reduced life expectancy if the renin-
plasma value is increased, whereas the prognosis is
clearly better if the renin value is normal. (for further refer-
ence, see 2, 4�6)

The findings and observations described in the litera-
ture as well as the convincing efficacy of the aldos-
terone antagonist spironolactone confirm the import-
ance of the RAAS in the genesis of renal sodium
retention and hence also in the formation of ascites.

2. Antidiuretic hormone (ADH): In cirrhotic and ascitic patients,
the ADH level is usually elevated. (s. tab. 16.5) With a reduced
effective plasma volume, ADH is released by non-osmotic stimula-
tion in the neurohypophysis and possibly broken down in the liver
at a reduced rate as well. The plasma activity of ADH largely
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correlates with that of the RAAS and the sympathetic nervous
system. ADH for its part stimulates the nervous synthesis of pros-
taglandins. It would appear that cirrhotic patients can be divided
into excretors and non-excretors as regards the suppression of
ADH secretion.

3. Prostaglandins: As vasodilators of the renal medullary vessels,
prostaglandins influence the blood volume of the kidneys as well
as glomerular filtration. They counteract vasoconstriction and
thus help to maintain the glomerular filtration rate (GFR), even
in cases of hypotension or hypovolaemia. Prostaglandins are natri-
uretic and diuretic in their action. They interact with the RAAS,
the ADH and the kinins as well as with the sympathoadrenal sys-
tem. Prostaglandins are formed from arachidonic acid, which may,
however, be reduced in cirrhotic patients. • From the clinical point
of view, it is important that acetylsalicylic acid or indometacin, for
example, inhibit the synthesis of prostaglandins and hence bring
about a reduction in sodium excretion, urine volume and diuretic
efficacy. (s. tab. 16.5)

PGE2 promotes the renal circulation and the excretion of sodium,
while PGF2α has an inhibitive effect in this respect. (No validated
information on PGD2 is available.) Prostacyclin increases the renal
circulation, whereas thromboxane gives rise to renal vasoconstric-
tion and reduced excretion of sodium and water. The vasodilatory
prostaglandins are stimulated by noradrenaline and angiotensin II
in correlation with the degree of hypovolaemia and sodium reten-
tion. An important pathogenic role may well be played not only
by a reduction in prostaglandin PGE2 and an increase in throm-
boxane, but also by an imbalance between the individual prosta-
glandin fractions.

4. Natriuretic factors: Animal experiments and clinical investiga-
tions point to the existence of these biochemical factors. After
acute volume loading in healthy volunteers, it was possible to
detect substances with a natriuretic effect in the blood and urine
� yet this was not the case in cirrhotic and ascitic patients.

� In 1981 the natriuretic effect of an atrial myocardial extract was
described for the first time (A. J. Debold et al.). Confirmation of this
atrial natriuretic factor (ANF) as a peptide hormone was presented
in 1983 (T. G. Flinn et al.). The half-life of this factor, also known
by the name of cardiodilatin, is about 3 minutes. Receptors for
ANF are found in the liver and the kidneys. The ANF leads to a
rise in the glomerular filtration rate and in the excretion of sodium.
The diuretic, natriuretic and vasodilatory effect is restricted by
hypovolaemia and hypotension. The RAAS is inhibited by an i.v.
injection of ANF. An increase in atrial pressure is considered to
be the main stimulus for the release of ANF, whereas physical
exercise, thyroxin, ADH and adrenaline prove less stimulating. In
cirrhotic and ascitic patients, normal as well as significantly ele-
vated ANF concentrations are found. This large divergence in
values most probably depends on the current volume status
(reduced or increased plasma volume) of the respective ascites
phase. (1, 13, 210) (s. tab. 16.5)

� In 1989 a renal natriuretic factor (RNF) was detected for the
first time and termed urodilatin (P. Schulz-Knappe et al.). As
examinations have hitherto shown, urodilatin is formed in the
medial nephron of the kidney and causes a distad inhibition in the
absorption of water and sodium. Its half-life is likewise about 3
minutes. Although ANF is most probably of limited significance
for the excretion of sodium and its influence on sodium homoeo-
stasis in cases of liver cirrhosis (with or without ascites) has still
not been fully clarified, urodilatin is deemed to be important for the
regulation of the water and electrolyte balance. (3) (s. tab. 16.5)

5. Kallikrein-kinin system: This system acts in a vasodilatory,
diuretic and natriuretic manner. In cirrhotic and ascitic patients,
there are lower prekallikrein and bradykinin levels as well as less
renal kallikrein activity. The reduction in kallikrein excretion in
the urine correlates with (1.) depressed glomerular filtration rate,
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(2.) elevation of aldosterone values, and (3.) change in the synthesis
of prostaglandin. Nevertheless, as with ANF and RNF, there is
still much to be resolved as regards the pathophysiology of cir-
rhotic patients with concomitant ascites. (s. tab. 16.5)

6. Endotoxinaemia: Different degrees of endotoxinaemia are often
detectable in patients suffering from severe liver disease as a result
of restricted hepatic endotoxin clearance. There is a correlation
between endotoxinaemia and renal dysfunction, and renal blood
flow is reduced. Nitrogen monoxide is also released. By reducing
endotoxinaemia (after treatment with polymyxin B, for example),
the diminished functional activity of the kidney improves and
diuresis as well as natriuresis increase. (s. tab. 16.5)

7. Endothelin: Endothelin-1 is a polypeptide with a vasoconstrict-
ive effect. It is generally elevated in portal ascites. The rise in endo-
thelin correlates significantly with augmented ADH, ANF and
endotoxins. It would seem to have an additional impact on the
development of disrupted renal function. (20, 67) (s. tab. 16.5)

8. Sympathoadrenergic factors: Even at an early stage, the activity
of the sympathoadrenal system is enhanced in cirrhotic patients
due to a rise in sinusoidal pressure (probably via a glutamine-medi-
ated hepatorenal reflex arc). As a result, the levels of noradrenaline
and adrenaline rise and continue to do so as the decompensation
progresses. These substances have a vasoconstrictive effect in the
region of the efferent vessels and hence stimulate the retention of
water and sodium. Noradrenaline values and natriuresis are closely
and inversely correlated, not only because of the altered renal hae-
modynamics, but also through the alpha receptors situated at the
proximal tubulus. Moreover, the increased activity of the sympa-
thetic system stimulates the secretion of renin with subsequent
activation of the RAAS. Due to the continuing decompensation,
the greatly elevated catecholamine values might also be partly
attributable to inadequate inactivation in the liver (and kidneys).
(12) (s. tab. 16.5)

3.2.3 Increase in renal sodium retention

An increase in the retention of sodium occurs in the
early stages of severe liver disease, particularly in liver
cirrhosis, without any disruption of the water balance.
This early tendency towards sodium retention can be
detected using the NaCl-tolerance test. The retention of
sodium reduces the sodium excretion rate in the urine
to < 10 mval/day (normal rate: 120 to 220 mval/day).
Diuresis is not primarily restricted; patients with ascites
and oedema react to an excessive intake of water with
an adequate excretion of diluted urine, albeit in the vir-
tual absence of sodium excretion. The limited sodium
excretion derives from increased, mainly proximal tubu-
lar reabsorption of sodium and not from diminished
glomerular filtration. Overall maintenance of the liver
architecture is usually accompanied by undisturbed
sodium excretion, despite existing portal hypertension
(such as in primary biliary cirrhosis). Marked sodium
retention is, however, usually found in alcoholic-toxic
cirrhosis. For this reason, such patients are not only the
ones most frequently affected by ascites and oedema,
but as a rule they display the most serious forms. This
is probably also due to additional biochemical and hor-
monal factors which are present to a greater degree in
patients with alcohol-related liver disease.
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3.2.4 Theories of ascites formation

To explain the complex mechanisms of ascites forma-
tion, four hypotheses have been developed in the light of
experimental and clinical findings: (1.) underfill theory,
(2.) overflow theory, (3.) lymph imbalance theory, and
(4.) vasodilation theory. (s. fig. 16.6)

1. Underfill theory: According to the underfill theory (S.
Sherlock et al., 1963), the development of ascites is set off
by mechanical factors and physical mechanisms (“im-
balance of the Starling forces”). As a result, the effective
plasma volume is reduced (so-called volume deficiency
concept).

The reduced intravasal volume leads to a stimulation of volume
receptors. In addition, the renin-angiotensin-aldosterone system as
well as the sympathoadrenergic system are activated; the ADH
level rises. This leads to a reduction in the glomerular filtration
rate (GFR). The result is increased tubular sodium reabsorption,
i. e. retention of sodium. Yet a reduced glomerular filtration rate
is not a prerequisite for the retention of sodium, since this can
occur even with a normal GFR. • This mechanism of ascites
formation through the primary reduction in the effective plasma
volume is reinforced by (1.) growing insufficiency of the lymph
vessels as a result of portal hypertension, (2.) decrease in per-
ipheral resistance due to the opening of intrahepatic and systemic
arteriovenous anastomoses, and (3.) enhanced formation or dimin-
ished breakdown of substances with a vasodilatory effect. (s. fig.
16.6)

2. Overflow theory: The overflow theory (F.L. Liebermann

et al., 1970) (7) is based on the principle that retention of
sodium already exists as a primary event and hence
causes an expansion in volume.

Continuous damage to the liver architecture or a boost to the por-
tal pressure are accompanied by a salt-retaining signal (with an
antinatriuretic impact) being sent to the renal tubuli. Ascites for-
mation, already triggered by the mechanical or physical factors
described, is now significantly reinforced by the sodium-retaining
effect with an “overflow” from the intravasal volume. The result is
a further reduction in the effective plasma volume, which increas-
ingly stimulates the volume receptors and activates the biochem-
ical, hormonal and neural systems. (s. fig. 16.6)

� These two hypotheses, the “underfill theory” and the
“overflow theory”, do not explain the development of
ascites in each individual case. Neither do the two con-
cepts exclude one another. They would appear to
describe the respective disrupting mechanisms of the
water and salt balance as being dependent on the degree
of severity of the existing liver disease. • Discussion
centres on the early stage of ascites formation being
influenced by the overflow hypothesis, which would also
explain the better efficacy of diuretics in this phase. •
By contrast, the late stages of portal ascites are thought
to be characterized by the theory of volume deficiency,
which implies that greater therapeutic success would
only be achieved by refilling the intravasal volume (once
diuretic therapy has failed). (8, 10, 11)

3. Lymph imbalance theory: The lymph imbalance the-
ory (C.L. Witte et al., 1980) (16) contradicts the “classical”
concepts of underfill and overflow. This theory is based
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on the idea that the disruption of the equilibrium between
the extravasation of fluid from the intravasal space and its
reflux into the vascular system initiates the formation of
ascites; in other words, the lymph production or the
actual lymph quantity can no longer be drained via the
lymph vessels. (s. tab. 16.4) (s. figs. 7.6; 16.4�16.6)

The disrupted drainage of the lymph is attributed to (1.) obliterated
diaphragmatic lymph vessels, (2.) dilated visceral lymph vessels
with subsequent clearly decelerated flow velocity, and (3.) limited
lymph kinetics at the transition between the lymphatic system and
the venous system. More and more disturbances in the fluid bal-
ance between plasma and interstitium increasingly activate the

Fig. 16.6: Diagram of the main
pathogenic mechanisms in the
formation of ascites according
to the four different theories
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adrenal hormonal systems with elevated retention of sodium and
water; the lymph imbalance continues to grow.

4. Vasodilation theory: The vasodilation theory (R.W.
Schrier et al., 1988) (14) is a variant of the underfill concept.
The initial pathophysiological change in cirrhotic
patients is deemed to be peripheral arterial vasodilation,
in particular in the splanchnic area, with a lower degree
of vascular resistance. This leads to hyperdynamic cir-
culation with an augmented cardiac output. The opening
of arteriovenous anastomoses continues to reduce the
degree of peripheral vascular resistance. The subsequent
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decrease in the effective plasma volume effects a rise in
the levels of endothelin, renin, aldosterone, noradrena-
line and vasopressin with subsequent renal vasoconstric-
tion as well as the retention of sodium and water. The out-
come is either a further increase or a normalization of the
plasma volume. • This can be the reason why, in certain
stages of ascites, the serum and urine values of these bio-
chemical factors are (surprisingly) found to be within the
normal range. (s. fig. 16.6)

Continuing deterioration of the liver disease results in
renewed increase in peripheral vasodilation with a further
drop in plasma volume. Under the influence of endo-
toxins and cytokines (tumour necrosis factor, interleu-
kins, etc.), nitric oxide synthases are expressed in the liver,
blood vessels and other organs, forming large quantities
of nitrogen monoxide (NO). As highly potent vaso-
dilators, nitric oxides effect a dilatation of the vessels with
a reduction in the peripheral resistance. • Other mediators
of vasodilation are prostaglandins, bradykinin, glucagon,
false neurotransmitters, PAF, ANF, etc. Despite max-
imum activation of the sodium and water retaining sys-
tems, vasodilation and volume deficiency can ultimately
no longer be offset; ascites begins to develop. (8, 9, 15)

Synopsis

Ascites formation is a complex, pathophysiological
process with a multifactorial pathogenesis. Severe
(acute or chronic) liver diseases, mainly cirrhosis,
have their own principal pathogenetic factors which
give the respective starting signals at the appropriate
time. • In the individual case, one of the four ascites
theories hitherto discussed can explain ascites forma-
tion, whereas in other cases, the pathogenic sequences
of two or three concepts are mixed, each with its own
particular intensity and specific timing. • There are
some hints that the early phase of ascites is predom-
inantly accompanied by “overfilling” as a result of
growing sodium retention (with simultaneous imbal-
ance in the pressure of the vascular system and the
lymphatics), while the late phase is chiefly evoked
through “underfilling” (due to NO activation with
simultaneous vasodilation). Some of these biochem-
ical and sympathoadrenergic mechanisms act as
mutual stimulators, inhibitors or additive factors and
can even have a potentiation effect, depending on
their momentary effectiveness. The importance of the
respective mechanisms cannot be estimated in the
individual case. (s. fig. 16.6) (s. tabs. 16.3, 16.5)

� Sinusoidal portal hypertension with increased
hydrostatic pressure and decreased colloidosmotic
pressure are of considerable, probably paramount
importance for the onset of ascites formation.
Further influencing factors could be the growing
imbalance between the augmented lymph production
and drainage as well as the higher degree of capil-
lary permeability.
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At the same time, the elevated sinusoidal pressure
values transmit biochemical signals for a compensa-
tory retention of sodium in the renal tubules. Like-
wise, “functional hyperaldosteronism” occurs at an
early stage and the sympathoadrenergic system is
activated with its impact on the splanchnic and renal
haemodynamics; both events serve to counter volume
deficiency and hypotension. The physiological effects
of the various biochemical factors may vary under
pathological conditions, depending on the respective
ascitic phase; for this reason, they can be difficult to
assess. Reciprocal interactions also render it more dif-
ficult to evaluate the individual factors.

� Ultimately, decompensation of the water and elec-
trolyte balance is the result of (1.) splanchnic and per-
ipheral arterial vasodilation, (2.) subsequent marked
reduction in the effective arterial blood volume, (3.)
increase in renin, aldosterone, vasopressin and nor-
adrenaline, (4.) renal vasoconstriction with retention
of sodium and water, and (5.) inadequate compen-
sation of the plasma volume as a result of progres-
sive hypalbuminaemia.

4 Aetiology of ascites

4.1 Differential diagnosis

Numerous diseases can cause ascites. In terms of aeti-
ology, liver diseases, malignant processes and chronic
cardiac diseases rank right at the top. Yet inflammatory,
renal, metabolic, vascular and endocrinological causes
also have to be borne in mind when drawing up a
differential diagnosis. The mechanisms at work in the
formation of ascites are often still unresolved, as is the
case, for example, in hypothyroidism, diseases of the
ovaries or the POEMS syndrome (P.A. Bardwick et al.,
1980). (100, 168) (s. tab. 16.6)

4.2 Hepatogenic ascites

It is not clearly understood why in some cases oedema
without ascites and in other cases ascites without
oedema as well as ascites together with oedema or even
pleural effusion without ascites occur. Ascites develops
most frequently during the course of liver disease (�
hepatogenic ascites), in particular in chronic liver dis-
eases with portal hypertension (� portal ascites). (s. tab.
16.7) • Various mechanical, biochemical and neural dis-
orders overlap in their effects and pathways, depending
on the underlying liver disease. Only rarely is ascites
found in diseases with presinusoidal localization of por-
tal hypertension (such as portal vein thrombosis) or
with minor restrictions in the synthesis of albumin (as
in biliary cirrhosis). • Formation of ascites occurs in
about 50 % of all cirrhotic patients within 10 years of
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1. Liver diseases (75�80 %) (s. tab. 16.7)
(� portal ascites)

2. Malignant processes (10�15 %)
(� malignant ascites)
� abdominal tumours
� metastases
� Hodgkin’s disease
� leukaemia

3. Cardiac diseases (3�5 %)
(� cardiac ascites)
� congestive cardiac insufficiency
� constrictive pericarditis

4. Peritonitis (2�3 %)
(� inflammatory ascites)
� through bacteria, parasites, fungal infection
� eosinophilic peritonitis
� postoperative starch peritonitis

5. Pancreatic diseases
(� pancreatic ascites)

6. Renal diseases (1�2 %)
(� renal ascites)
� nephrotic syndrome
� extracorporeal dialysis

7. Vascular diseases
� thrombosis of the mesenteric vein
� obstruction of the inferior vena cava
� peritoneal vasculitis

8. Malnutrition

9. Protein-losing gastroenteropathy

10. Whipple’s disease

11. Amyloidosis

12. Endocrinopathies
� hypothyroidism
� ovarian hyperstimulation
� syndrome of inadequate ADH secretion
� struma ovarii
� Meigs’ syndrome

13. Familial paroxysmal polyserositis

14. Formation of fistulas (e.g. pancreatic cysts)

15. POEMS syndrome

Tab. 16.6: Ascites formation and the possibilities for differential
diagnosis

the diagnosis being established. About half of these
patients die within 2 years of the initial occurrence of
ascites. Oedema and/or ascites develop during the
course of the disease in about two-thirds of all cirrhotic
patients. Statistically, alcoholic cirrhosis ranks highest
on the frequency scale.

Surprisingly, alcoholic fatty infiltration of the liver and
alcoholic hepatitis often display ascites as well, mostly
only discernible when applying ultrasonic methods of
examination. This might suggest that certain pathogenic
mechanisms in the formation of ascites (such as increase
in portal pressure, structural sinus changes, and stimula-
tion of biochemical or sympathoadrenergic factors) are
favoured or become more intense as a result of alcohol
(and possibly also its chemical additives). • Ascites can
also occur in severe acute viral hepatitis, in which case
the course of disease deteriorates considerably. (28, 46, 64)

297

1. Liver cirrhosis
2. Alcoholic hepatitis
3. Acute liver failure,

severe acute viral hepatitis
4. Obstruction of the hepatic veins

� massive fatty liver
� cardiac liver congestion
� Budd-Chiari syndrome

5. Neoplasia of the liver
6. Cystic liver
7. Liver fibrosis

� sarcoidosis
� schistosomiasis
� syphilis

8. Arteriovenous shunts,
arterioportal fistula

9. Portal vein thrombosis
10. Obstruction of the superior vena cava with

LeVeen shunt
11. Nodular regenerative hyperplasia
12. Condition after liver transplantation

Tab. 16.7: Causes of hepatogenic or portal ascites

We were able to observe pronounced oedema, anasarca
and massive ascites with concomitant signs of hepatic
encephalopathy in a case of so-called hepatitis oedema-
tosa (E. Gautier et al., 1952). The patient was successfully
treated by means of aldosterone antagonists. (45)

5 Diagnosis of ascites

5.1 Clinical findings

Ascites may onset suddenly or slowly and unnoticed
over the course of several weeks. There is a diminished
tendency to sweat and the patient’s skin often appears
sallow and dehydrated. • With regard to the quantity of
the fluid, ascites may be classified into mild, moderate
or tense.

Physical methods: A latent oedema can be recognized by
the deposition of fluid in the tissue (increase in body
weight of > 1.0 kg in 4�5 days). (s. fig. 15.3) It is neither
visible nor palpable. A manifest oedema typically shows
dimpling upon digital compression. • Ascites without
concomitant deposition of tissue fluid is generally diag-
nosed by a distinct increase in body weight. Detection
of ascites by means of physical examination is only pos-
sible when an amount of fluid in excess of 1.5�2 litres
is present. (30) This is best achieved when dullness is
ascertained by percussion of the abdomen with the
patient in the knee-elbow position. Larger amounts of
ascitic fluid produce a typical change in percussion sound
when the body position is altered; there is also dullness
in the flanks and ultimately a noticeable fluctuation wave
(i.e. ascites thrill due to excessive free fluid under
tension). Reduced movability and/or corresponding ele-
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vation of the diaphragm can also be detected by per-
cussion. (s. p. 79) • Meteorism is deemed to be a precur-
sory state of ascites (“first the wind and then the rain”).

� In 1959 a very reliable physical sign was described which is
present consistently with as little as 120 ml of peritoneal fluid
(“puddle sign”). This phenomenon also makes it possible to differ-
entiate shifting dullness due to fluid-filled loops of bowel from that
due to collections of free intra-abdominal fluid. The puddle sign
is generally not influenced by obesity. (46)

Inspection: Upon inspection, pronounced cases of
ascites are characterized by marked protrusion of the
abdomen. The umbilicus becomes everted or bulging.
The distance between the navel and the symphysis
appears diminished as a result of caudal displacement
of the former. With large quantities of ascitic fluid, the
abdominal skin is taut and shiny. In long-standing cases
of ascites, striae distensae, together with expanded col-
lateral veins radiating from the navel, may be visible.
Increased ascitic pressure sometimes causes the occur-
rence of a hernia (inguinal, femoral, umbilical or cica-
tricial). (s. fig. 16.7) (41, 48, 57)

Fig. 16.7: Massive refractory ascites with large umbilical hernia.
Muscular atrophy and loss of subcutaneous fatty tissue

Occasionally, scrotal oedema and anasarca are detect-
able. Ascites does not correlate with the incidence and
extent of peripheral oedema. (s. figs. 16.2, 16.13)

5.2 Imaging procedures

Sonography: Sonography facilitates the diagnosis of
ascites in its early stages (< 200 ml). If the fluid accumu-
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lates at certain preferred sites, it is even possible to dem-
onstrate amounts of < 50 ml. In cases of minimal and
localized accumulation of fluid, sonographically guided
tapping and collection of ascitic fluid as well as special
examinations provide a swift and confirmed diagnosis.
With massive ascites, floating intestinal loops are oc-
casionally witnessed, forming the so-called sea anemone
phenomenon. (25, 35) (s. p. 131)

Radiology: Ascites has a diffuse appearance similar to
ground glass. In the individual case, various ascites-
related clinical findings are observed (elevation of the
diaphragm, plate-like atelectasis, cardiac rotation, hiatus
hernia, distended intestinal loops, etc.). Extensive ascites
may cause organ displacement (e. g. dislocation of the
stomach or kidneys) or vascular compression (e. g. func-
tional blocking of the inferior vena cava). (23, 27) The
quantity of fluid can be 30 litres or more (as much as 70
litres has been recorded!). (s. figs. 16.7, 16.13)

Hepatic hydrothorax (C.S. Morrow et al., 1958) is evident
during the course of liver cirrhosis with ascites in
0.4�12% of cases. The mean frequency is about 6%,
although in two-thirds of the cases, a right-sided
effusion (with the author’s own patients a bilateral
effusion) was ascertained. (66) (s. fig. 16.8) • Hepatic
hydrothorax is a transudate: cell count < 1,000/mm3,
protein concentration < 2.5 g/dl, total protein effusion
to serum ratio < 0.5, LDH effusion to serum ratio < 2.3,
serum to pleural fluid albumin gradient > 1.1 g/dl. (s.
also fig. 16.9) (17, 37, 47, 52�54, 66)

� Over a period of 10 years (1952�1963), I examined in-
patient records at the University Medical Hospital in Giessen
retrospectively. On evaluation of 25,682 documented cases,
2,534 patients were found with pleural effusion (� 9.8%) valid-
ated by radiology or autopsy. • The frequency of hepatogenic
pleural effusion was 110 cases (� 4.3%). I found 4 cases of a
right-sided hydrothorax and 2 cases of bilateral hydrothorax in
6 patients with severe viral hepatitis. Hydrothorax was identified
in 104 patients with cirrhosis. • The localization was, however,
bilateral in 69%, left-sided in 18.7% and right-sided in 12.3%. •
This controversial finding, which contrasts with the literature, is
explained by the fact that an X-ray of the thorax was taken
in each case of cirrhosis and that angle effusions or minimal
infrapulmonal effusions were detected by autopsy in deceased
patients. (see footnote *)

Causes of hepatic hydrothorax, which can occasionally
appear sanguinolently as a result of the cirrhosis-related
bleeding tendency, are (1.) congenital or acquired
defects of the diaphragm (70), (2.) diaphragmatic lymph
paths, and (3.) increased pressure in the azygous vein/
hemiazygous vein system. With rising intra-abdominal
pressure (caused by large-volume ascites, coughing,
pressing, etc.), congenital or acquired gaps may form
between the muscle fibres of the diaphragm. These small

*) Kuntz, E.: Pleural effusions. Differential diagnosis, clinical as-
pects, and therapy. Urban and Schwarzenberg, München, 1968,
207 pages, 74 figures.
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Fig. 16.8: Right-sided hepatic hydrothorax in liver cirrhosis

herniations (so-called pleuroperitoneal blebs) may rup-
ture and allow fluid to move from the abdominal cavity
into the pleural space. Occasionally, such diaphragmatic
defects can be demonstrated by magnetic resonance
imaging (70) or thoracoscopy. • It is clinically significant
that considerable pleural effusion can even be present in
liver cirrhosis without concomitant ascites. In cases of
pulmonary complaints (e. g. dyspnoea), this possibility
should be considered and investigated. (44, 56) • Therapy
corresponds to that of ascites (s. pp 304, 306) and
involves the administration of albumin. (s. p. 308)
Thoracocentesis, if necessary repeated, in addition to i.v.
infusion of octreotide and paracentesis (s. p. 309) is
recommended. In the case of treatment failure, TIPS
and eventually liver transplantation may be indicated.

Spontaneous bacterial empyema is found in 1�2% of
patients with cirrhosis and ascites. The diagnosis is
based on a positive bacterial test in the pleural fluid
and a WBC count in excess of 250/mm3 (or a negative
bacterial culture with a cell count exceeding 500/mm3)
� which is analogous to spontaneous bacterial perito-
nitis. (105) (s. p. 302)

Computer tomography: A CT scan is only indicated in
individual cases where there are problems with the
differential diagnosis (e. g. in acute pancreatitis or sus-
pected tumours). The sensitivity of fluid detection is,
however, extremely high, since it is possible to demon-
strate as little as 25 ml. (23, 42)

In patients with cirrhosis, CT sometimes demonstrates
a mesenteric oedema (“misty mesentery”). (51) Such a
mesenteric, omental and/or retroperitoneal oedema can
vary from a moderate infiltrative type to a pronounced
oedema compressing the mesenteric vessels. (32)

Laparoscopy: Laparoscopy should be carried out in all
cases which could not be clarified or precisely defined
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by means of clinical and biochemical laboratory exam-
inations of the blood and ascitic fluid or using imaging
procedures. (68) If a large amount of ascitic fluid is
removed by laparoscopic paracentesis, it is essential to
substitute volume and protein. (s. p. 309)

Oesophagogastroscopy: An ascites-related gastro-oeso-
phageal reflux can result in reflux oesophagitis. How-
ever, this does not provoke the onset of bleeding from
oesophageal varices.

Disorders of cerebral functions on the one hand and
of the water and electrolyte balance on the other hand
are the earliest and most reliable hints of the onset
of decompensation in severe liver disease, especially
cirrhosis. • In clinical terms, they can be easily diag-
nosed as latent hepatic encephalopathy (by carrying
out psychometric tests) and/or latent oedema (by
recording the increase in body weight). • For this rea-
son, these examination methods are also of funda-
mental importance in the follow-up of chronic liver
disease. (s. fig. 15.3)

5.3 Laboratory diagnosis

A diagnostic puncture is required to withdraw ascitic
fluid. In extensive ascites, this can be performed without
ultrasound guidance, whereas with smaller and localized
accumulations of fluid, it is always necessary to carry
out ultrasound-guided puncture. The ideal entry site is
deemed to be the left lower abdominal quadrant
(exactly opposite McBurney’s point). Prior to punc-
turing, the skin should be shifted tangentially over the
puncture mark, leaving a Z-shaped puncture channel on
removal of the needle. This guarantees more reliable
protection against any postpuncture leakage of ascitic
fluid. Complications are very rare. (157) The tapping of
ascitic fluid is considered a safe procedure. Using a thin
needle (0.4 mm in diameter) or a special puncture
needle, some 50 ml fluid are withdrawn, which suffices
for a wide range of laboratory investigations. However,
for bacteriological or cytological examinations (possibly
following centrifugation), 200�250 ml are required.
Biochemical parameters are always of great importance.
(24, 26, 40, 63, 71, 79) (s. fig. 16.10)

1. Colour: The impressive range of colours found in
individual cases is indeed interesting, yet of no great
help in the differential diagnosis. A rough definition of
the various forms can be given as follows, analogous to
pleural effusion (see footnote p. 298) :

� serous ascites (e. g. hepatogenic, pancreatogenic,
malignant or inflammatory) can be clear or turbid,
green, straw-coloured or bile-stained; (s. fig. 37.22)

� haemorrhagic ascites (e. g. in malignant disease; in
liver cirrhosis only rarely blood-tinged);
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� turbid ascites (e. g. bacterially or parasitically infec-
ted, malignant or pancreatogenic, in the Budd-Chiari
syndrome);

� chylous ascites (e. g. in liver cirrhosis due to impaired
lymphatic drainage). Possible causes include: malignant
disease, tuberculosis, intestinal lymphangiectasia,
whipple disease. Lymphostasis can be assumed to exist
if the total lipids of the ascitic fluid are twice as high as
the plasma value, and/or the triglyceride concentration
is greater than 400 mg/dl. (29, 31) (s. fig. 16.9)

Fig. 16.9: Chylous ascites with pronounced portal hypertension as
a result of posthepatitic (HBV) coarse nodular cirrhosis

2. Protein content: Depending on the protein content of
the ascitic fluid or its specific gravity, differentiation is
made between a transudate and an exudate. A tran-
sudate is deemed to be a serous, fibrinogen-free fluid,
low in cells and protein, of non-inflammatory genesis.
The protein content is below 2.5 g/dl (specific gravity
< 1,015). An exudate, generally inflammatory or malig-
nant, is rich in cells; the protein value exceeds 3.0 g/
dl (specific gravity > 1,016), and the bilirubin quotient
(ascites : serum) amounts to more than 0.6. (36) • The
albumin gradient (albumin value in the serum minus
albumin value in ascites) is usually > 1.1 in portal hyper-
tension and < 1.1 in malignant or inflammatory ascites,
with a sensitivity of about 80%. (59) This gradient corre-
lates well with the portal vein pressure. The reliability of
differentiation seemed to improve with a discrimination
limit of 1.5. (63) (s. fig. 16.10)

In cases of long-standing ascites, the protein content can drop due
to reduced permeability of the sinusoids to protein or as a result
of presinusoidal obstruction. However, because of its aetiology or
as a result of diuretic therapy, the protein content may also
increase. In 15�20% of cirrhotic patients with ascites, protein
values of up to 4.3 g/dl are found. • Even with a threshold ranging
between 2.5 and 3.0 g/dl, the transudate/exudate concept does not
work as well with ascites as it does with pleural effusion! The in-
conclusive information obtained from the ascites protein value in
individual cases becomes more reliable if the cell count is deter-
mined at the same time. (39, 55, 63, 79)
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Fig. 16.10: Diagnostic steps used to differentiate between portal,
infected, malignant and pancreatogenic ascites (modified from J.
Schölmerich, 1990)

3. Cell count: To determine the cell count and cell type,
it is advisable to use an EDTA tube (monovette) for the
ascitic fluid. The cell count for a transudate is generally
below 250/mm3 and for an exudate above 1,000/mm3.
Specificity is ca. 90%, and sensitivity is ca. 60%. The
absolute count is more reliable in connection with a nor-
mal or raised protein value (transudate or exudate).
However, in up to 30% of cases, there were cell counts
in portal ascites of > 500 and in 5�20% of cases even
> 1,000 leukocytes/mm3. In patients with malignant
ascites, the cell count was in excess of 1,000/mm3 in
more than 50% of cases. In individual instances of hepa-
togenic or malignant ascites, a higher number of poly-
morphonuclear cells were also detected. These results
make identification of spontaneous bacterial peritonitis
very difficult. Evidence of polymorphonuclear neutro-
phils (> 250/mm3) suggests the presence of infected
ascites. More than 80% of patients with spontaneous
bacterial peritonitis show a higher value. The predomin-
ance of lymphocytic cells in ascites (> 20% of the total
leukocyte count) � with an additional ascites-blood-
glucose quotient of < 0.7 � suggests tuberculous perito-
nitis. (24, 63) In suspected tuberculosis, the Ziehl-Neelsen
staining method and possibly also PCR is necessary.
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4. Bacteriology: Ascites should be checked for aerobes
and anaerobes by using haemoculture bottles. With
infected ascitic fluid, the bacteriological examination
yields a specificity of 100%, but a much lower sensitivity.
It is possible to detect gram-negative bacteria in about
70% of cases, gram-positive microorganisms in some
25% of cases and anaerobes in about 5% of cases. In
total, a bacterial infection of the ascitic fluid is present
in 8�10% of cirrhotic patients. It is often hardly pos-
sible to distinguish between spontaneous and secondary
bacterial peritonitis. (63, 71)

5. Cytology: Cytology has a specificity of 97�100% for
the detection of malignant ascites. By contrast, the sen-
sitivity is far lower, especially since the endothelial cells
of the peritoneum are very similar cytologically to the
malignant cells.

6. Cholesterol: In malignant ascites, the cholesterol level
is clearly raised (R. A. Rovelstad et al., 1958). In differen-
tiating the condition from portal ascites, the sensitivity
is 90%, and the specificity is 95%. A threshold range of
45�48 mg/dl is deemed appropriate. Cholesterol deter-
mination is thus a valuable parameter for ascites. (39, 43,
61) (s. fig. 16.10)

7. Fibronectin: The values of fibronectin in malignant
ascites are significantly higher than in cases of portal
ascites. Given a threshold value of 7.5 mg/dl, it is pos-
sible to differentiate between the two forms of ascites
with a sensitivity of 100% and a specificity of more than
95%. The combined determination of cholesterol and
fibronectin allows malignant ascites to be identified
reliably. (33, 39)

8. pH levels: The pH value in infected ascitic fluid is
usually reduced to < 7.31 by acid residues (such as
lactate, oxalate, succinate and fumarate), which occur
mainly in anaerobic glycolysis. With hepatogenic
transudate ascites, pH levels are higher than 7.45 and
the pH gradient (serum value minus ascites value)
amounts to < 0.10. In malignant ascites, the values are
hardly any different. In isolation, the pH value and pH
gradient have little meaning, whereas in connection with
the protein value or cell count and cell type, they can
be seen as helpful supplementary findings.

9. Lactate: The same assessment is true for the deter-
mination of lactate in ascitic fluid. The increase in this
acid residue in infected ascitic fluid (> 4.5 mmol/l) is
proportional to the decrease in the pH value. Malignant
ascites generally yields values of < 4.5 mmol/l. (21, 58, 63,
79) (s. fig. 16.10)

10. LDH quotient: The LDH quotient (ascites value :
serum value) is usually < 1.4 in portal ascites, whereas
in infected or malignant ascites, values of > 1.4 are
usual. The absolute discrimination value is given as
being higher than 400 U/l.
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11. Ferritin: The values in malignant and inflammatory
ascites were regularly higher than those found in portal
ascites. (63)

12. �1-antitrypsin: The identification of α1-antitrypsin
yielded a respective specificity and sensitivity of > 95%
in distinguishing between portal and malignant ascites.
In cases with a malignant genesis, the values were nearly
always elevated to > 120 mg/dl. (69)

13. Other examinations focused on the biochemical dif-
ferentiation of ascites, such as determining cholinester-
ase (62) and interleukin-6 (18) as sensitive parameters for
bacterial infection as well as evaluating the receptors
(p55 and p75) for the tumour necrosis factor. (19) An
ascites/serum quotient for α1-foetoprotein of > 1 suggests
hepatocellular carcinoma; an amylase quotient of > 1 is
found in pancreatitis.

� As early as 1964 and in later publications, it was pos-
sible to demonstrate the significance of glycoproteins
(hexosamine, fucose, sialic acid [34], etc.) and cholin-
esterase for the detection of non-inflammatory, inflam-
matory or malignant disease and their follow-up as well
as for the distinction between transudate and exudate in
a so-called phlogogram (E. Kuntz, 1964). (see footnote
p.298) Because of the significance and pathophysio-
logical features of the mucopolysaccharides, appropriate
biochemical parameters are likely to be of further inter-
est. • In addition, elevated values of hyaluronic acid have
been found in the ascitic fluid of cirrhotic patients.

Due to clinical, laboratory and therapeutic differences,
it is possible to distinguish between simple and problem-
atic ascites. The latter includes: (1.) recurrent ascites, (2.)
refractory ascites, (3.) diuretic resistant ascites, and (4.)
diuretic intractable ascites. (s. tab. 16.8)

Simple ascites Problematic ascites

Quantity mild, moderate tense

Manifest HE � �

Natriuresis >20 mmol/day <10 mmol/day
Sodium in serum >130 mmol/l <130 mmol/l
Albumin >3.5 g/dl <3.5 g/dl
Creatinine <1.5 mg/dl >1.5 mg/dl
Potassium in serum 3.6�4.9 mmol/l <3.5 mmol/l

>5.0 mmol/l

Diuretic therapy mostly sufficient insufficient

Tab. 16.8: Differentation of ascites according to its severity

The combination of several biochemical parameters
in a diagnostic stepwise approach generally facilitates
an adequately reliable differentiation between portal,
infected, malignant and pancreatogenic forms of
ascites. (s. fig. 16.10)
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6 Complications of ascites

Ascites formation is generally accompanied by multiple
complications. These mean considerable distress for the
patient and constitute a genuine threat to life. Compli-
cations call for extra therapeutic measures, which are
often quite complex. For this reason, emphasis should
always be placed on any dangerous developments. As a
rule, these are mechanical, bacterial, or metabolic in
nature. (s. tab. 16.9)

Mechanical complications
1. Increased physical immobility
2. Respiratory impairment

(� dyspnoea as a result of restrictive ventilation)
� due to hepatic hydrothorax
� due to an elevated diaphragm or plate-like

atelectases
3. Elevated portal venous pressure
4. Compression of vessels

� inferior vena cava syndrome
� renal vein

5. Formation of hernias
6. Ruptured umbilical hernia
7. Dislocation of organs

� intra-abdominal
� cardiac rotation, diminished cardiac function

8. Promotion of a gastro-oesophageal reflux

Bacterial complications
1. Spontaneous bacterial peritonitis

Metabolic complications
1. Disturbances of electrolyte metabolism
2. Disturbances of protein metabolism,

catabolism
3. Changes in pharmacokinetics
4. Hepatic encephalopathy
5. Hepatorenal syndrome

Tab. 16.9: Complications arising from ascites

Even though the mortality rate of spontaneous bacterial
peritonitis can clearly be reduced by antibiotics, it still
remains a very real danger for the patient. The hepa-
torenal syndrome has a very poor prognosis with a mor-
tality rate of about 95%. (see chapter 17)

7 Spontaneous bacterial peritonitis

In severe liver diseases, particularly in cirrhosis, but also
in acute viral hepatitis, bacterial infections are frequent.
(75) In approx. 25% of cases, these infections are the
cause of death. If there are additional complications
(e. g. gastrointestinal bleeding, protein deficiency, inva-
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sive interventions, endotoxinaemia, liver metastases,
continuous abuse of alcohol) which culminate in a fur-
ther weakening of the body’s defences, the cause of
death can be attributed to bacterial infection in > 50%
of cases.

7.1 Definition

Spontaneous bacterial peritonitis (SBP) (H.O. Conn,
1964, 1971) is the term used to describe bacterially
infected ascitic fluid in liver cirrhosis where the exact
source of infection or path of infection is not known.
It displays a high number of polymorphonuclear
neutrophils (> 250/mm3), a protein content which is
usually < 1.0 g/dl and a positive bacterial culture
(> 90%).

7.2 Forms and frequency

In terms of the number of neutrophils and the microor-
ganisms identified, SBP can occur in ascites in three
forms (76, 88, 89, 92, 94):

1. Classical (complete) SBP: > 250/mm3 polymorpho-
nuclear neutrophils together with positive ascites cul-
ture; this constellation is the most frequent form.

2. Culture-negative neutrocytic ascites: > 250/mm3 neu-
trophils together with negative ascites culture; it appears
in 4�5% of patients suffering from cirrhosis with ascites
and in up to 35% of cases with suspected SBP. This
form does not differ from classical SBP as regards
symptomatology, clinical and laboratory findings or
efficacy of the antibiotic therapy required.

3. Culture-positive neutrophil-low ascites: < 250/mm3

neutrophils and mostly monoculture-positive ascites;
gram-positive infectious agents predominate. As a rule,
this form shows an asymptomatic course and a more
favourable prognosis. It is interpreted as a bland bac-
terial infection with good defence potential (i. e. transi-
ent colonization). Antibiotic therapy is not required, but
ascites follow-up examinations are indispensable in
order to initiate any necessary antibiotic treatment in
good time.

Each of these 3 forms of SBP has to be delimited from
secondary bacterial peritonitis. In bacterial ascites, sev-
eral types of microorganisms, including fungi, can usu-
ally be identified after subculturing. As a rule, the cell
count exceeds 10,000/mm3, the LDH value is elevated
(> 225 U/l), and the glucose concentration is < 50 mg/dl.

The frequency of SBP is 10�25%. (74�76, 88, 106) With
coexistent HE, it was found to be 36%, whereas in the
absence of HE, SBP was detectable in only 10% of cases.
Culture-negative ascitic fluid can be identified with SBP
in up to 50% of cases and bacterascites in up to 30% of
cases. (75, 95) Relapses occur at a rate of 43�69% per
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year. An ascitic protein concentration of < 0.75 g/dl is
considered a significant predictive factor for a relapse.

7.3 Pathogenesis and predisposing factors
Even if pathogenesis has still not been fully resolved, it is generally
attributed to various regulatory defects in the immune system (so-
called acquired immune defect syndrome in cirrhosis): (1.) reduction
in the opsonic and bactericidal activity of the ascitic fluid, (2.)
impaired function of the RES phagocytosis system, and (3.) leuko-
cytic functional deficiency. A decrease in C3 concentration in the
ascitic fluid (< 20 mg/dl) reduced the bacterial content and,
according to the literature, led to the occurrence of SBP in 47% of
cases within a short space of time.

This multifactorial weakness in defence allows bacterial penetra-
tion of the ascitic fluid to be effected by (1.) transmural migration
in portal hypertension with greater permeability of the intestinal
wall, (2.) systemic bacteraemia in terms of haematogenic disper-
sion (particularly in urinary tract and bronchopulmonary infec-
tions), above all in the presence of intrahepatic and extrahepatic
shunts (so-called portal vein bacteraemia), (3.) invasion of bacteria
via the Fallopian tubes, and (4.) lymphatic flow into the ascitic
fluid (e. g. via leaks in the lymph vessels or lymph nodes).

Predisposing factors often interact to produce a con-
siderably greater effect in the individual case (73, 75, 87,
88, 96):

(1.) reduction in the bactericidal and opsonic activity (C3 < 20
mg/dl) and in the ascitic protein value (< 1.0 g/dl) as well as a
dysfunction of the polymorphonuclear neutrophils;

(2.) dysfunction of the liver (e.g. bilirubin > 3.5 mg/dl, thrombo-
cytes <98,000/mm3) as a result of an accompanying decrease
in antibodies or RES functions;

(3.) poor nutritional status;

(4.) upper gastrointestinal bleeding and application of balloon
tamponade or varicosclerosation;

(5.) invasive measures such as endoscopic or angiographic tech-
niques or peritoneovenous shunting (some 20% of cases) with
a mortality rate of about 25%;

(6.) infusion of vasopressin, which leads to a deterioration in
the circulation of the intestinal mucosa and hence to easier
penetration by microorganisms;

(7.) bacterial foci with systemic bacteraemia through arterio-
venous anastomoses.

7.4 Clinical aspects

1. Pathogen detection: The first decisive diagnostic cri-
terion of SBP is the detection of the pathogen. However,
this cannot be adequately achieved using conventional
techniques. Bedside inoculation of 10 ml ascitic fluid per
haemoculture bottle is recommended with a cultivation
period of 5 to 7 days at 37 °C, with subcultivation on
days 1, 2 and 7. The yield of positive cultures is thus
doubled. Demonstration of one type of pathogen is con-
sidered typical for SBP (> 90%), whereas determination
of several types of pathogens or anaerobes generally
suggests secondary peritonitis. In 60�80% of cases,
gram-negative aerobes are found, half of which
(40�50%) are E. coli. A small fraction is comprised of
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Klebsiella, Citrobacter, Proteus and Enterobacter.
Gram-positive microorganisms were detected in
25�30% and anaerobes in 4�6% of cases. Isolated
reports have been published on the identification of
Clostridia (77), Salmonella (80), Chlamydia trachomatis
(83, 97) and Listeria monocytogenes (86, 91).

2. Cell count: The second important criterion of SBP is
deemed to be a higher cell count (> 250 polymorpho-
nuclear neutrophils/mm3). As a result, early diagnosis is
possible with a sensitivity of 92% and a specificity of
95%. A higher leukocyte count in ascitic fluid does not
correlate with peripheral leukocytosis (or vice versa).
Mechanical assessment of the cell count, however, also
identifies lymphocytes, serosal surface cells and perito-
neal macrophages. For this reason, it is imperative to
distinguish the polymorphonuclear neutrophils (and
possibly the number of mononuclear forms) in the
ascitic fluid smear. (71, 75, 79, 102, 106)

3. Chemical parameters: The additional determination
of chemical parameters (decreased: fibronectin, pH
value, glucose, cholinesterase, etc.; increased: lactate,
LDH, etc.) can improve the certainty of the SBP diag-
nosis in individual cases and also provide a clearer pic-
ture of its severity. (79, 81, 90, 101, 106)

4. Clinical findings: In 10�50% of cases, SBP follows
an asymptomatic course. Each sudden or inexplicable
deterioration in the course of disease, manifestation or
aggravation of encephalopathy, non-response to appro-
priate diuretic therapy, continued increase in ascites or
signs of the onset of renal insufficiency all point clearly
to SBP. However, clinical symptomatology can also
develop slowly in cases of long-standing ascites. By con-
trast, SBP may pursue a more rapid course, with pro-
nounced findings in the presence of existing as well as
simultaneously developing ascites. (74, 75, 79, 83, 85, 87, 93,
94, 106) (s. tab. 16.10)

Fever Decreased bowel sounds
Abdominal pain Nausea
Abdominal guarding Tendency to diarrhoea
Onset of HE Reduced diuresis
Meteorism Arterial hypotension

Tab. 16.10: Symptoms of spontaneous bacterial peritonitis

7.5 Prophylaxis and therapy

In decompensated liver cirrhosis or gastrointestinal
bleeding, the use of antibiotics is recommended for the
primary prevention of SBP as well as to avert a relapse.
This is especially true if predisposing factors for SBP
are present. In cirrhosis with ascites, for example, SBP
occurs in about 80% of hospitalized patients within the
first week. For this reason, SBP is deemed to be a noso-
comial infection (H.O. Conn, 1987) although other investi-
gators regard the domestic surroundings as the most



Chapter 16

common site of infection. Such complications of ascites,
which still have a poor prognosis despite cost-intensive
therapy, should be prevented by suitable prophylactic
measures.

� Prevention is achieved through simply reducing the
ascitic volume by means of efficient diuretic therapy, so
that the total protein and complement factors in ascites
rise significantly. Paracentesis can also be helpful if the
protein deficiency is compensated at the same time.

Long-term application of lactulose, possibly in short-
term combination with neomycin or paromomycin, is
recommended. This is especially true when there are
signs of an onset of hepatic encephalopathy.

Recommended antibiotic prophylactic measures include
neomycin (1 g), colistin (1.5 million units) or nystatin (1
million units) four times a day. Antibiotics which have
been tried and tested are norfloxacin (400 mg/day), cefo-
taxime and ceftriaxone. They result in selective intestinal
decontamination as well as bactericidal action in the
serum, ascitic fluid and urine. Because of the possible
impact of norfloxacin on the central nervous system,
special caution should be exercised during the initial
stages of HE. Primary prevention with norfloxacin in
high-risk patients yielded a reduction in SBP frequency
from 17% to 2% and from 32% to 0%. (72, 82, 87, 89,
94, 98)

� Where > 250/mm3 polymorphonuclear neutrophils
are detected, immediate antibiotic treatment is called for
using (1.) amoxicillin-clavulanic acid, (2.) cefotaxime
(and other 3rd generation cephalosporins), (3.) gyrase
inhibitors such as norfloxacin, and (4.) aztreonam. The
latter, however, does not act against gram-positive
microorganisms, so that there is a danger of gram-posi-
tive proliferation. Therapy lasting 4�5 days (longer
application is of no further advantage) with cefotaxime
(perhaps combined with metronidazole in the possible
presence of anaerobes) or amoxicillin-clavulanic acid
can provide a success rate of > 80%. Consequently, an
exploratory puncture and follow-up examination of the
ascitic fluid after a 48-hour antibiotic therapy is impera-
tive. • In accordance with the antibiogram, it may prove
necessary to change the initial antibiotics. Success is,
however, usually achieved within a few days, using the
substances of first choice (cefotaxime, amoxicillin-clavu-
lanic acid). Therapy results can be markedly improved
through simultaneous administration of albumin (1.5 g/
kg BW). (99) In order to avert a relapse, norfloxacin is
recommended; this reduces the relapse rate from 68% to
20%. (76) The previously high mortality rate (some 90%)
could be lowered to 40�78%, and in a recent study even
to 37%. • With the additional administration of selenite
(e. g. 500 µg as short-term infusion), it is apparently pos-
sible to improve the survival rate even further. (72, 74, 78,
84, 94, 96, 103, 106)
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8 Conservative therapy of ascites

“When the liver is full of water that flows off into the
abdomen and the body is distended, then death is
near.” (Hippocrates)

Oedema and ascites call for extensive therapeutic meas-
ures. The daily life of the liver patient is additionally
impaired by this condition, which may even be life-
threatening. Awareness of the pathogenic factors makes
it possible to apply prophylactic measures to prevent a
disruption of water-electrolyte homoeostasis and to
ensure appropriate therapy.

� In pathophysiological and prognostic terms, even
ascites that can “only” be identified by ultrasonic
methods is a sign of decompensation � either decom-
pensation which is still latent, yet unstable, or decom-
pensation which is slowly increasing by itself! • This
latter condition ultimately calls for much more severe
measures (also involving more side effects) than
merely moderate and cautious efforts to restore the
patient to a stable state of recompensation, which
should then be as lasting as possible.

8.1 Prophylaxis

The principal prophylactic measures for ascites consist
of a detailed consultation with the physician (preferably
in the presence of a family member) and strict guidance
of the patient with efficient follow-up checks in the prac-
titioner’s surgery. (s. fig. 15.2) An important prerequisite
for successful prophylactic measures is an appropriate
lifestyle on the part of the patient with regard to the dis-
ease.

� As far as the costs are concerned, a one-year course of
prophylactic treatment including the necessary follow-up
checks and possible early treatment of commencing water reten-
tion is less expensive than 3 or 4 days’ hospitalization. • This
solely economic viewpoint is likewise true for prophylactic meas-
ures used in hepatic encephalopathy as well as for its early diag-
nosis and successful therapy at the practitioner’s surgery.

The restriction of sodium to 7�8 g daily (or even less) is
an important step. Each excessive gram of sodium
which is taken up and cannot be excreted leads to a
water retention of 200�300 ml. (s. tab. 16.11)

All routine activities which can be carried out in a
supine position should indeed be performed in this way
(see below). As a result, renal perfusion is improved, the
sympathicotonus lessened and the tubular absorption of
sodium decreased. The breakdown of aldosterone is
increased by > 30%, and its half-life returns more or less
to normal. The central blood volume is enhanced.
Removal of ascitic fluid via the subdiaphragmatic and
mediastinal lymph vessels is facilitated.
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Intestinal detoxification by means of lactulose, which,
among other things, delays the production and/or portal
uptake of endotoxins, is another important therapy step.

Should these measures prove inadequate, either because
of insufficient compliance on the part of the patient or
because of the advanced stage of the disease, spironolac-
tone (50 mg every second day) is recommended. This dose
is considered effective and sufficient (due to its longer
half-life). As a rule, there are no side effects.

� The patient is instructed to record his morning body
weight (always under the same conditions) every day on
a documentation sheet (E. Kuntz, 1989) as well as the fre-
quency of stools (e. g. under lactulose therapy) and to
enter a handwriting specimen (usual way of writing the
first and last name) every one or two days. (s. fig. 15.3)
• This documentation sheet is deemed to be a useful
and efficient instrument (which can be kept as a medical
record) in the control and follow-up of a chronic course
of disease. An ancillary benefit is that the extent to
which the patient is cooperating can also be deduced
from the accuracy of the entries made. (s. p. 275)

Patients should immediately consult the doctor if their
body weight rises steadily by > 1 kg over a period of 3
or 4 days. This is suggestive of a clinically not yet identifi-
able accumulation of water in the tissue (� latent
oedema). • Patients should also consult the doctor in the
case of minor irregularities in their handwriting.
Psychometric tests can be used to confirm or discount
suspected cases of latent HE. (s. pp 203, 272) (s. fig.
15.3)

� Self-monitoring on the part of the patient makes it
possible to identify the beginning of water accumu-
lation in the organism (> 1 litre), a reduced lactulose
effect (which is inadequate for intestinal detoxifi-
cation) and/or a latent phase of hepatic encephalopa-
thy. • In such cases, immediate outpatient treatment is
generally reliable and swift in its therapeutic success.

Diuretics are not indicated as a prophylactic measure!
(because of the possible activation of RAAS)

8.2 Basic therapy (stage I)

� The development of latent oedema can be recognized
by means of daily weight checks when an increase in
weight of > 1 kg occurs within 4 days.

� Latent ascites (< 250 ml) can be determined by sono-
graphy. Detection of fluid in the abdominal cavity sig-
nals decompensation of cirrhosis and the corresponding
inefficacy of prophylactic measures. Medication is
recommended as part of a stepwise therapy. To start
with, the prophylactic measures for ascites should be
applied more intensively and consistently. Both ascites
itself and its treatment harbour risks for the patient.
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The earlier ascites is identified, the more successful the
therapy will be because less “aggressive” methods with
minimal or no risks can be used; and, of course, the
costs will also be lower. (s. tab. 16.11)

Absolute supineness (probably even with the head and
upper body slightly lowered) promotes the excretion of
water and sodium. This physical treatment significantly
improves both the natriuretic and diuretic effect of a
loop diuretic agent. (109, 123, 137) (s. tab. 16.11)

The aim should be to break through the positive sodium
balance by restricting sodium to � 5 g/day (� 88 mmol).
Natriuresis should amount to > 80 mmol/day. Given an
extrarenal loss of sodium of approx. 10 mmol/day, deter-
mination of the sodium content in 24-hour urine provides
a clue to the degree of compliance with the intended
sodium restriction level of � 5 g/day � i. e. with an excre-
tion of > 78 mmol/day, the desired negative sodium and
fluid balance is achieved. The efficacy of a low-sodium
diet in the treatment of ascites is evident. Dietary sodium
restriction can be maintained by applying the following
rules: (1.) preparation of food without salt, (2.) no extra
salt to be added at the table, (3.) no use of baking powder,
tinned food, highly salted food, mineral water or choc-
olate, (4.) no more than 0.25 l milk/day, and (5.) no use of
medication or i. v. solutions containing sodium. Liquorice
is prohibited! • Certain herbal mixtures can help patients
to accept sodium restriction in the diet. Even food that
does not taste salty may still contain significant amounts
of sodium (e. g. sodium nitrate, sodium phosphate). A
marked restriction of sodium is mostly accompanied by a
parallel reduction in the general protein consumption;
this must be averted by an adequate intake of lactovege-
table proteins. Patients should always be given dietary
advice! (s. tab. 16.11)

Basic therapy (stage I)

1. Sodium restriction (intake < 5 g/day)
2. Water restriction (intake < 1,500 ml/day)
3. Supine position
4. Intestinal detoxification (with lactulose)
5. Spironolactone (50�100 mg/day)
6. Balancing of electrolytes
7. Substitution in zinc deficiency
8. Balancing of proteins

Success rate 20�30%

Tab. 16.11: Basic therapy of ascites (stage I)

Normally, the daily fluid intake is 1,700�2,200 ml; this
includes water in a bound form (e. g. in fruit, yoghurt,
tomatoes). If this amount is clearly reduced or exceeded,
the cirrhotic patient may suffer considerable pathophy-
siological disturbances. From the clinical point of view,
however, it is recommended to limit the fluid intake to
1,400�1,600 ml/day during this phase of therapy (in
cases of hyponatraemia even to 800 ml). An increase in
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the dosage of spironolactone to 50�100 mg/day has
proved effective. With this measure, a loss in weight of
> 1.2 kg in four days can be achieved in 15�20% of
cases (� excretion of retained fluid). (s. tab. 16.11)

Follow-up checks regarding sodium, potassium, magne-
sium, the acid-base equilibrium and possibly zinc are
required; if necessary, the status has to be duly bal-
anced. • Hyponatraemia must not be “treated” by the
intake of sodium, but by a further restriction of fluid
(while monitoring sodium levels). (s. p. 308)

8.3 Diuretic therapy (stage II)

Ascites is a defined compartment of the extracellular
fluid volume, which is difficult to mobilize. If the reduc-
tion in weight is inadequate after appropriate basic ther-
apy (< 1.2 kg after 4 days), stage II should be initiated
with the cautious administration of diuretics. The steps
already detailed for stage I are to be continued, whereby
the intake of dietary sodium is restricted even further
(� 3 g/day). (s. tab. 16.12)

The peritoneum has a surface area of about 2 m2. It
has the effect of a semipermeable membrane and can
transport a total of 720�840 ml/day between the
plasma and the peritoneal cavity. Spontaneous diuresis
allows 300 ml/day to be excreted, whereas with the use
of diuretics some 500 ml/day are possible. The presence
of peripheral oedema, however, permits a loss of fluid
of about 900 ml/day (L. Shear et al., 1970).

The therapeutic target is a weight reduction of about
1.5 kg in 3 days (maximum 500 ml/day) without
oedema and of 3.0 kg in 3 days (maximum 0.7�1.0 l/
day) with concomitant peripheral oedema. (130)

� If diuretic therapy is to be low in complications, the
following prerequisites are important: (1.) no electrolyte
imbalance, (2.) no abnormality of the acid-base equilib-
rium, (3.) normal renal function, and (4.) no simultan-
eous application of non-steroidal antiphlogistics (since
these inhibit the synthesis of prostaglandin and hence
may cause renal dysfunction). • In line with the half-life
of the diuretics, a twice-daily administration (morning,
early evening) is more successful. As a rule, the early
evening diuretic dose is lower (e. g. xipamide 20 mg and
10 mg). This serves to prevent renewed retention of fluid
during the night which occurs as a result of the continu-
ously decreasing diuretic effect of just one morning
dose. It may also be necessary to administer a third low
diuretic dose at midday (e. g. xipamide or torasemide 20/
10/10 mg). (s. tab. 16.12)

8.3.1 Pharmacology of diuretics

Of the many diuretic agents with their differing points
of impact on the nephron and their respective action
profiles, some preparations, even in combined appli-
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cation, have proved extremely successful in the treat-
ment of portal ascites. It must be borne in mind here
that liver diseases can change the pharmacokinetics of
diuretics. (112, 113, 116, 125)

Never provoke abrupt diuresis. • Never stop the use of
diuretics suddenly!

Diuretic therapy (stage II)

1. Aldosterone antagonist
� potassium canrenoate (100�800 mg i.v./day)
� spironolactone (50�400 mg/day)

2. Saluretics
� etacrynic acid (50�400 mg/day)
� etozolin (200�800 mg/day)
� furosemide (20�500 mg/day)
� torasemide (10�40 mg/day)
� xipamide (10�40 mg/day)

3. Sequential nephron blockade
torasemide or xipamide (20�40 mg/day)
combined with
� butizide, or (5 mg/day)
� hydrochlorothiazide, or (25 mg/day)
� metolazone (2.5�5 mg/day)

Success rate ca. 80%

Tab. 16.12: Diuretic therapy of ascites (stage II)

1. Spironolactone (J.A. Cella et al., 1957) is deemed to be
the preparation of first choice. Its clinical efficacy has
been substantiated in numerous studies. • The onset of
effect is after 8 to 24 hours. The natriuretic/diuretic
action is maintained for 1 or 2 days. A faster onset of
effect is given by potassium canrenoate, available as an
i.v. application, particularly when absorption is assumed
to be impaired or if oral administration is not possible. •
Spironolactone is not primarily considered to be a diuretic
agent, but more a substance with neurohumoral action.
(107, 111, 114, 115, 117, 118, 129, 133, 135, 138; quot. 15)

As a specific aldosterone antagonist, spironolactone acts at the baso-
lateral side of the upper-distal tubule as well as in the collecting
tubule and prevents aldosterone from contacting its receptor. As a
result, aldosterone-related stimulation of the sodium-potassium
ATPase is inhibited at the cell membrane. For this reason, aldos-
terone is unable to reach the cell nucleus with its receptor complex.
Synthesis of the aldosterone-induced protein, which opens the
sodium canals, is prevented. The absorption of sodium is decreased
and natriuresis reinforced, whereas the excretion of potassium
remains normal or is diminished. In the presence of hyper-
aldosteronism, spironolactone is likely to be fully effective.
Although aldosterone only controls some 2 (�4)% of the glomerular
filtrated sodium at the tubule, a natriuretic/diuretic effect is gradu-
ally and continuously achieved. The positive effect of spironolactone
on portal ascitic fluid can be attributed to an inhibition of the aldos-
terone-mediated absorption of sodium in the intestine, a reduction
in the portal vein pressure and an increase in the synthesis of prosta-
cyclin in the kidney. Spironolactone has no glucocorticoid impact
and no influence on the metabolism of carbohydrates. Due to an
escape effect, it does not usually cause hyperuricaemia, hyponatraemia
or hyperkalaemia. Protein binding is 98% with a bioavailability of
60�90% and a half-life of 20 hours. In cases of cirrhosis, the
pharmacokinetics of spironolactone remains unchanged. • The
transtubular potassium gradient may be a suitable guide for the
diuretic management of patients with cirrhosis and ascites. (49)
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Action profile of spironolactone

Natriuria � Zincuria �
Kaliuresis none-(�) Hydrogen ions (in urine) �
Magnesiuresis none-(�) Chloride (in urine) �
Ammonia � Bicarbonate (in urine) �

pH value (in urine) �

� As a result of a tubular hypersensitivity to aldos-
terone, cirrhotic patients usually display functional aldo-
steronism in the early stages of increased sodium reten-
tion. This would explain the diuretic and natriuretic
efficacy of spironolactone even in cirrhotic patients with
normal aldosterone levels.

In no way do normal potassium values rule out hyper-
aldosteronism!

The dosage of spironolactone is 100 to 400 mg/day in
2�3 single doses. That of potassium canrenoate
amounts 100 to 800 mg/day. When therapy commences
with potassium canrenoate, spironolactone should be
administered orally 1�2 days prior to the intended ter-
mination of the i.v. application to ensure a smooth tran-
sition, since the onset of its effect is delayed. In 25�30%
of male patients, long-term application leads to (gener-
ally reversible) potency disorders and gynaecomastia.

2. Xipamide is classed as a low-ceiling diuretic with its
effective dynamics and intensity ranking between furo-
semide and the thiazides. For this reason, there are no
extreme peaks of diuresis during prolonged therapy.
Calciuria is typical for loop diuretics. With portal
ascites, xipamide has proved to be almost diuretically
equivalent to spironolactone.

The efficacy of xipamide is reflected at various sites of the tubule and
Henle’s loop. It reaches its point of impact at the early-distal tubule
� from the peritubular side. With a threshold dose of 5 mg, a dose
dependency ranging between 14 and 60 mg is thus produced for the
excretion of water and urine; when in excess of 80 mg, there are no
further effects. The bioavailability is 73% and protein binding 98%.

A dosage of 20 to 40 mg xipamide per day is recom-
mended in 1�2 (�3) single doses. For long-term ther-
apy, it is advisable to prescribe 10 mg. Diuresis sets in
after about 1 hour with a peak after 2 to 8 hours. There
is no rebound effect. The excretion of sodium and chlor-
ide is increased to an almost identical degree; calciuria,
magnesiuresis and kaliuresis occur. For this reason,
xipamide should be combined with spironolactone. Bio-
transformation of xipamide is clearly limited in cirrhotic
patients, the half-life (7 hours) is not influenced. Xip-
amide passes into the ascitic fluid and reaches concen-
trations of 10�20% of the respective plasma level. It
can even be used with restricted renal function, since it
has no influence on renal haemodynamics.

3. Torasemide has proved successful in the treatment of
portal ascites. The onset of effect takes between 15 and
30 minutes, and it reaches its peak after 6 to 9 hours.
Torasemide has a high natriuretic and diuretic effective-
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ness, even with restricted renal function. Up to now, a
dosage of 20 mg per day has been used (possibly in two
single doses of 10 mg). A combination with spirono-
lactone is very efficient. Torasemide is also available as
an intravenous application. (108, 110, 120, 124)

In terms of efficacy, torasemide is a high-ceiling, long-acting
diuretic, which shows a linear and rapid rise in the dose-effect
curve in a higher dose range. Bioavailability is 80�90%, with a
protein binding of 98%. The half-life is 3�4 hours. The site of
action is deemed to be the ascending branch of the loop of Henle.
There are marked increases in the amounts of potassium, mag-
nesium and sodium in the urine, but excretion of bicarbonate and
phosphate remains constant. In cirrhosis, the half-life is lengthened
to 4�5 hours and biotransformation is impaired. (110) Torasemide
has a favourable sodium-potassium excretion quotient. It does not
accumulate in renal or liver insufficiency.

4. Etacrynic acid, especially in combination with spiro-
nolactone and xipamide, markedly enhances natriuresis
and diuresis. The dosage is increased as required (e. g. 1
� 25 mg or 50 mg to 2 � 50 mg per day). With a low-
dose application in the form of a combined diuretic
therapy, there is usually no risk of hepatic encephalopa-
thy developing. The effect of etacrynic acid sets in at the
ascending branch of the loop of Henle (active chloride
transport). Renovascular resistance is lowered due to
enzymatic activity, presumably as a result of a rise in
the release of prostaglandin.

5. Furosemide is considered to be a high-ceiling diuretic.
The onset of effect is rapid with a strong (unwanted)
rebound. With a half-life of 1.5 hours, the length of
impact is short (3�6 hours). The bioavailability is 65%,
protein binding 70�80%. In cases of cirrhosis, the half-
life is lengthened and natriuresis is diminished. Rein-
forcement of potassium in the urine, alkalosis and hepatic
encephalopathy are witnessed. Furosemide can promote
enhanced formation of thromboxane in the kidneys with
subsequent renal vasoconstriction. This could be the
cause of renal failure in cirrhotic patients following high
doses of furosemide. It only acts with intact PGE2 synthe-
sis, which is, however, often impaired in cirrhosis. (110, 112,
117, 129, 135, 138)

Follow-up checks: It is important to be aware of the
pharmacological characteristics of diuretics and to carry
out check-ups during diuretic therapy at short intervals,
so that countermeasures can be initiated early enough in
the event of therapeutic derailment. Intervals between
check-ups as well as the diuretic dosage depend on the
success of the treatment and the course of disease:

� Body weight and specimen of handwriting (daily)
(s. pp 203, 305, 313) (s. figs. 10.1; 15.3)

� Urine volume (at the outset: each day)
� Electrolytes (at the outset: possibly each day)
� Serum creatinine (at the outset: possibly every

2�3 days)
� Acid-base status (at the outset: possibly every

3�4 days)
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Success rate: With correctly applied diuretic therapy, the
rate of success is about 80% (even in prolonged or
recurring ascites).

Failure rate: If the diuretic therapy proves unsuccessful,
investigation must initially focus on whether the thera-
peutic steps taken have been correctly implemented or
whether exsiccosis with a contraction of the plasma vol-
ume has occurred as a result of excessively forced diure-
sis. Hypovolaemia leads to stimulation of the biochem-
ical and sympathoadrenal regulatory systems with an
occasionally deleterious effect on the course of disease.

8.3.2 Side effects

Diuretic treatment of ascites can, however, involve con-
siderable hazards for the patient. Generally, one has to
reckon with the following side effects: encephalopathy in
22�26% (as a result of 5�10% inhibition of carbonic
anhydrase in the mitochondria of the liver cells), hypo-
natraemia in 40�50%, azotaemia in 20�40%, and hypo-
kalaemia in up to 85% of cases. A rare event are
diuretic-associated oedemas. (127)

Therefore, dose diuretics “as softly as possible”!

These complications occur singly or in a combined form
in 30�50% of all diuretically treated patients. The more
aggressive the diuretic treatment is, the more frequently
these types of complications can be expected. • Hypokal-
aemia, which does not respond to potassium substitution,
is possibly accompanied by (unidentified, diuretically
induced) hypomagnesaemia, particularly in elderly
patients. (134) For this reason, it may be necessary to sub-
stitute magnesium. Thought should be given to the pos-
sibility of a pseudo-Bartter syndrome as a result of diuretic
abuse and especially of excessive liquorice intake. (136)
The very first signs of diuresis-related hazards call for
immediate countermeasures � or even discontinuation
of the diuretic therapy. Nonsteroidal antiphlogistics are
contraindicated for cirrhotic patients with ascites.

8.3.3 Hyponatraemia

Elimination of hyponatraemia (< 125 mmol/l) is ex-
tremely difficult. In this case, the overall status of body
sodium is increased, and hence the body fluid as well,
whereas the sodium level in the serum is lowered (�
dilutional hyponatraemia). Treatment is effected by
strictly limiting the intake of fluid (< 700�900 ml/day)
and rigidly restricting salt. • Should these measures fail
to raise sodium levels in the serum and increase diuresis,
intravenous administration of a hypertonic sodium chlo-
ride solution (3%) can be attempted (increasing serum
sodium by no more than 1�1.5 mmol/l per hour and, if
possible, never in excess of 130 mmol/l). This, however,
automatically harbours the danger of tense ascites. For
this reason, an i.v. application of furosemide should be
given at the same time to promote the clearance of free
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water. The sodium lost in the urine (measurable in six
hourly intervals after administration of a saluretic) is
replaced quantitatively by the supply of NaCl. This trick
produces pronounced diuresis without a “genuine” input
of sodium (R.W. Schrier et al., 1973). • With intact renal
function, an attempt can be made at treatment with a 5%
sorbitol solution or a 10% mannitol solution. (128)
Haemofiltration or i.v. application of sodium-free albu-
min (122) is likewise recommended. (126) • The augmented
release of ADH is depressed by vasopressin-2-receptor
antagonist. (139)

8.3.4 Resistance to diuretics

Resistance to diuretics occurs if the reduction in body
weight ceases despite confirmed diuretic intake or if a
rise in creatinine and urea restricts further diuretic
application. The phenomenon of haemodynamic resist-
ance to diuretics may prove extremely problematic, i. e.
the actual volume of circulating blood is reduced. (131)
There is a triad status: (1.) rise in retention values, (2.)
lower urine volume, and (3.) low excretion of sodium in
the urine. At the same time, arterial hypotension as a
result of pronounced peripheral vasodilation is present
together with the opening of arteriovenous anas-
tomoses. Palmar erythema or spider naevi can often be
seen to “blossom”. (s. p. 80) The greater the peripheral
vasodilation, the more pronounced is the renal vaso-
constriction. As a result, it is hardly (if at all) possible
for the diuretics to reach their site of action in the neph-
ron. • Another cause of diuretic resistance can be attri-
buted to the fact that the substrate concentration
required for the loop diuretics to have an effect is absent
in the ascending part of Henle’s loop because of the
increased proximal tubular absorption of sodium � the
diuretic is therefore ineffective. This renal deficiency of
diuretics is wrongly equated with “resistance”. The ther-
apy recommended is a sequential nephron blockade,
which is achieved by combining a loop diuretic with a
thiazide, e. g. torasemide (20�40 mg) (124) with butizide
(5 mg), hydrochlorothiazide or metolazone as well as
low-dosed ACE inhibitors. (s. tab. 16.12)

An ornipressin infusion and adrenaline infusion plus water
immersion (up to the neck, for a period of 5 hours) act on the
lowered peripheral vascular resistance. (65) (s. p. 329) • Low-
dosage dopamine and prostaglandin or ANF infusions may
have an effect on the increased renovascular resistance. (132)
A selective vasopressing-2-receptor antagonist induced a dose-
related aquaretic response. (121)

8.4 Osmotic diuresis (stage III)

In cases of inadequate response to diuretic therapy
(stage II), osmotic diuresis (stage III) may be advisable
in order to improve hypoalbuminaemia and hypovol-
aemia. (s. fig. 16.16)

Human albumin: By means of the i. v. application of
human albumin or fresh plasma, it is possible to bring
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about a temporary rise in the osmotic pressure and
improve the glomerular plasma flow. (99, 119) • Enlarg-
ing the plasma volume causes an increase in renal perfu-
sion and urine excretion. • The passage of infused human
albumin into the ascitic fluid is prevented or reduced by
means of prior administration of a plasma expander
(100�200 ml) to ensure a preliminary boost to the
oncotic pressure.

Mannitol: Stimulation of osmotic diuresis is possible
using mannitol (10�20% solution). (128) Mannitol is
neither metabolized in the body nor reabsorbed by the
tubules and is excreted almost totally through the kid-
ney. Renal circulation and renal filtration are raised, and
by reducing tubular absorption (� osmotic diuresis),
water excretion is increased (“diuresis starter”). The sal-
uretic effect is, however, relatively small. In the case of
restricted renal function, application of mannitol is con-
traindicated. If necessary, the mannitol test (i.v. injection
of 75 ml of a 20% solution) can be carried out before-
hand. With enhanced diuresis of > 40 ml/hr, the kidneys
still function adequately, so that it is possible to stimu-
late osmotic diuresis by means of a mannitol infusion.

In the individual case, these short-term measures (pos-
sibly also reinfusion of ascitic fluid) lead to a temporary
improvement of hypoalbuminaemia and hypovolaemia,
so that a diuretic therapy, which has been hitherto insuf-
ficient, can nevertheless be continued and successfully
completed. • If stages I�III fail to be efficacious in elim-
inating ascites, paracentesis is indicated.

8.5 Paracentesis (stage IV)

Even in the days of antiquity, attempts were made to remove
ascitic fluid by means of abdominocentesis (Erasistratos

300�250 BC, Celsus 30 BC�50 AD). Paulus of Aegina (625�690
AD) gave a remarkably exact description of ascitic fluid being
tapped. • In the 16th century, Paré removed ascitic fluid by
means of an inserted seton (i.e. rope made of hair) after cauter-
izing the abdominal wall. In the 17th century, Santorini used a
special instrument inserted through the navel to tap the ab-
dominal cavity. • Figure 16.11 illustrates how the tapping of
ascitic fluid was performed at that time (1672).

Fig. 16.11: Tapping ascitic fluid (1672) (German National Mu-
seum, Nürnberg)
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Before resorting to invasive or even surgical procedures
to eliminate ascites, paracentesis (stage IV) is indicated.
Repeated (if necessary daily) paracentesis can remove
1,000�4,000 ml ascitic fluid in 1�2 hours. The loss of
complement factors possibly heightens the threat of
spontaneous bacterial peritonitis � yet in view of the
reduced protein content in the ascitic fluid, this danger
is more likely to be diminished. Relief is provided to
the portal and renal vessels. When correctly performed,
complications are rare. (164) It is possible to repeat para-
centesis without incurring any actual risks and to
remove substantial quantities of ascitic fluid (4�6 [�23]
litres) by means of a pump (145, 148, 150, 151, 153, 154, 164)
or even to evacuate a large amount of ascitic fluid
almost totally. (140, 144, 147, 155, 159, 163) Therapy is suc-
cessful in about 95% of cases. Paracentesis of 6 l of
ascitic fluid removes 6 � 130 mmol/l sodium. Occa-
sional circulatory dysfunction (as demonstrated by
excessive activation of the RAAS) following paracente-
sis only rarely � or never � occurs when spironolactone
and albumin substitution are applied.

The following criteria are important indications for per-
forming paracentesis (114, 140, 146, 155, 160, 162):

1. Lack of success or inadequate feasibility of step-
wise therapy (stages I�III)

2. Extensive ascites, possibly with complications
3. Sodium excretion < 10 mmol/day
4. Fractional excretion of sodium (FENa) � 0.2%
5. Serum-ascites albumin gradient < 1.1 g/dl

(� serum albumin concentration minus ascites
albumin concentration)

With regard to paracentesis, the following measures are
to be considered (140, 144, 146, 147, 149, 155, 159, 161):

1. Discontinuation of diuretic therapy some 3�5
days prior to paracentesis, maintenance of spiro-
nolactone (e. g. 2 to 3 � 50 mg/day).

2. Balancing of electrolytes, acid-base equilibrium
and, if necessary, zinc substitution.

3. Replacement of sodium-free albumin (40 g or 6�8
g/litre ascitic fluid), half the amount prior to start-
ing paracentesis; or : administration of 100�150 ml
of a sodium-free plasma expander prior to paracen-
tesis and prior to the replacement of albumin.
� Prior administration of a plasma expander raises
the lowered oncotic pressure. As a result, the sub-
sequent albumin intake is retained better in the
blood stream (otherwise there is a possible danger
of albumin loss from the “off-flow” into the ascitic
fluid).
� Synthetic sodium-free plasma expanders are
considerably (about 20 times) cheaper than albu-
min and equally efficient.
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Results: The results of paracentesis have generally been
good up to now: the number of successfully treated
patients was higher, inpatient hospitalization was shorter,
and complications were less frequent or less severe. The
response to diuretic therapy improved considerably; dis-
continued diuretic therapy could be successfully taken up
again. (158, 159) Plasma values of renin, aldosterone and
norepinephrine dropped. There was an improvement in
lung volume (141, 143) as well as in cardiac function values.
(152, 153, 156) The pressure in the oesophageal varices fell.
(150) • Paracentesis of 6 litres of ascitic fluid removes
6 � 130 mmol sodium.

Dangers: Thought must be given to averting the
following dangers deriving from repeated and/or
large-scale paracentesis: (1.) protein loss, (2.) loss of
electrolytes, (3.) hypovolaemia, (4.) occurrence of
ascitic leakage, (5.) occurrence of (secondary) bacter-
ial peritonitis, (6.) restricted renal function, and (7.)
acute haemoperitoneum. (142)

� An ascites fistula following paracentesis can be
widely avoided by displacing the skin tangentially to the
site of puncture, so that a Z-shaped puncture channel is
created once the needle has been removed.

Danger points 1, 2 and 3 (see above) can be related to a quota-
tion from Paulus of Aegina (625�690 AD): “At all events, avoid
any rapid evacuation of the fluid, since there are some ignorant
operators who have removed the life and soul of the patient with
the fluid, thereby bringing the life of the patient to an end.”

9 Refractory ascites

Before denoting ascites as refractory to conservative ther-
apy in cases of liver cirrhosis, it is essential to rule out
what would appear to be pathogenetically or causally
derived resistance to therapy. The multiple causes of resist-
ance to therapy must be considered in each individual
case and excluded as far as possible. This can often be
extremely difficult and is sometimes even impossible. (s.
tab. 16.13) • Assessment of the renal cortical blood flow
is facilitated by colour-encoded Doppler sonography:
successful diuretic therapy of ascites requires good circu-
lation in the renal cortex. A continuous decrease in the
cortical blood flow correlates with growing therapy
resistance of the ascites.

With reliable cooperation on the part of the patient,
precise adherence to stepwise therapy (possibly
including repeated paracentesis) and almost total ex-
clusion of the causes of therapy resistance, it becomes
clear that true refractory ascites or “sequestered
ascites” is present in merely 5�15% of patients with
portal ascites.

The prognosis of “true” refractory ascites is infaust �
unless invasive measures can be applied. These would

310

include reinfusion of ascitic fluid, peritoneovenous
shunting or TIPS, and occasionally operative proced-
ures. (38, 60, 132, 165�171, 184)

1. Unresolved cause of ascites
2. Excessive sodium levels in the body

• inadequate sodium restriction
• extremely high proximal reabsorption of sodium

3. Hypovolaemia
4. Absence of peripheral oedema
5. Excessive volume of ascitic fluid in the abdomen

• disturbed cardiac function
• compression of portal or renal vessels

6. Deterioration of renal function
7. Unfavourable diuretic effects

• inadequate diuretic absorption
• unsuitable diuretic agent
• incorrect dosage
• medication-related interactions

(e.g. nonsteroidal antiphlogistics, aminoglycosides)

8. Spontaneous bacterial peritonitis
9. Deterioration of liver function

• toxic or infection-related disorders
• gastrointestinal bleeding

10. Haemodynamic resistance to diuretics
• peripheral vasodilation
• opening of arteriovenous anastomoses
• relative hypotension
• reactive renal vasoconstriction

11. Portal vein thrombosis
12. POEMS syndrome

Tab. 16.13: Pathogenetic or causal factors which may explain ap-
parent resistance to ascites therapy

10 Invasive therapeutic procedures

10.1 Ascites reinfusion
In 1911 intravenous ascitic reinfusion was described as an inva-
sive procedure to treat refractory ascites (J. Galud). This pro-
cedure was taken up again by M. Girard et al. in 1949 and by
R. Emmrich et al. in 1951. In 1958 E. Adlercreutz filtered the
ascitic fluid prior to intraperitoneal reinfusion and thus
increased its protein concentration. (172)

During the following years, various methods were developed, all of
which proved their worth and led to clinical success. The central
venous pressure and the sodium-potassium quotient in the urine
were swiftly normalized, and diuresis increased. Pathological
sodium and potassium values in the serum were normalized.
Natriuresis and the concentration of ADH were not influenced.
There were no electrolyte disturbances. (145, 151, 174, 175�181,
184)

1. Unmodified ascites: Careful examination of the
unmodified ascitic fluid prior to direct retransfusion is
imperative. (s. fig. 16.10) It is likewise essential to deter-
mine the plasminogen level in the ascitic fluid.

By means of an automatic infusor or a roll pump, 300�400 ml/
hour are reinfused through a filter system with a pore diameter of
22 µm via a central vein catheter. Reinfusion time should be
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limited to 8�12 hours/day, so that a daily reinfusion quantity of
3�4 (�5) litres is achieved. Reinfusion on every second day has
also proved successful. This procedure can be carried out prior to
the implantation of a peritoneovenous shunt. The transport vol-
ume is varied in such a way that a good response is not
accompanied by cardiopulmonary complications due to hyper-
volaemia. Intensive monitoring of the patient is required.

2. Modified ascites: Reinfusion of modified ascitic fluid
calls for prior “desalination” or “concentration” with
the subsequent aim of “reproteinization”. (173) The con-
centration of the reinfused protein was 4 to 6 times
higher than the protein content of the ascitic fluid.
Combined with a diuretic therapy, up to 13 litres of
ascitic fluid were removed in 24 hours. A comparative
study showed no difference in efficacy or complications
between the reinfusion of unmodified and ultrafiltered
ascitic fluid.

� Since 1960 discussion has focused on procedures for
extracorporeal dialysis and since 1981 these have been
used successfully (J. Feldman et al.). The ultrafiltration of
ascitic fluid by means of haemodialysis and its sub-
sequent reinfusion was described by E. R. Hwang et al. in
1982. Additional administration of foreign protein is
not necessary. (145, 151, 177) A further development of
ultrafiltration could be seen in the so-called cascade fil-
tration or double ultrafiltration. (182) This procedure is
described as safe, reliable and low in complications.

Indications: Indications and contraindications largely
correspond to those of peritoneovenous shunts. For the
short-term or repeated application of ascitic fluid rein-
fusion, the following indications can arise:

1. Refractory ascites
2. Inoperability of the patient
3. Pronounced hypovolaemia, hypotension and/or

hypoalbuminaemia
4. Dilutional hyponatraemia
5. Preoperative elimination of ascites
6. Emergency situation
7. Bridging renal insufficiency that is in principle

reversible

Success rate: Short-term success can be achieved in
about 80% of cases, many of which also have the chance
of long-term therapy success. Stage II treatment is con-
tinued parallel to the reinfusion of ascitic fluid.

Complications: Complications include clotting disorders
(22, 183, 185) and the bacterial infection of ascites.

10.2 Peritoneovenous shunt

The short-term but nevertheless relatively good clinical
results achieved with the reinfusion of unmodified
ascitic fluid encouraged the development of another
therapeutic procedure based on a similar principle, yet
with long-term efficacy.
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� Initial attempts were based on a peritoneovenous fistula with
the great saphenous vein (M. Ruotte, 1907). Later, it was the flow-
controlled Spitz-Holter technique based on the principle of dis-
charging CSF fluid from the hydrocephalus via a Holter valve
(introduced by A. N. Smith in 1962), which yielded convincing suc-
cess. Consequently, a variety of pressure gradient-guided shunt
valves were described over the following years: (1.) pump system
of G. L. Hyde et al. (1966), (2.) Denver valve developed from the
treatment of the hydrocephalus (W. R. Waddell, 1971), (3.) LeVeen
shunt (H. H. LeVeen et al., 1974), (4.) Agishi valve (T. Agishi, 1977),
and (5.) Hakim-Cordis system (J. F. Patino et al., 1979), based on the
neurosurgical method developed by S. Hakim et al. (1957). (186, 213)

Method: A silicone tube with roentgenopaque thread is positioned
in the abdominal cavity with the intraperitoneal crus acting as an
ascitic fluid collector. By means of a pressure-controlled valve, it
is connected with the subcutaneously implanted section, the tip of
which is introduced via the jugular vein or the subclavian vein into
the superior vena cava. The ascitic fluid is forced through the valve
as a result of the difference between the intraperitoneal and intra-
thoracic/central venous pressure. The valve only opens once this
pressure gradient rises above ca. 3 cm H2O. • Further development
led to the production of pressure valves which could be operated
manually by the patients themselves due to skilful surgical posi-
tioning. Each time the valve is pressed open, 4�6 ml ascitic fluid
are transported. As a rule, the patient should use the pump 5 times
per hour. In order to assess the effectiveness of a pump valve,
certain functional parameters are applied: (1.) operative placement,
(2.) opening pressure, (3.) pumping performance, and (4.) flow
rate. In the light of these parameters, the Denver shunt (opening
pressure 1�3 cm H2O) is recommended as being most suitable
despite its high flow rate (30�40 ml/min) because of its minimal
obstruction rate and the possibility of non-operative recanaliz-
ation. The decision as to which valve system is to be used must be
taken in accordance with the four functional parameters described
above and is ultimately made by the surgeon based on previous
experience. (192, 199, 204, 212, 221) (s. fig. 16.12)

Fig. 16.12: Diagram of the positioning of a peritoneovenous shunt
(with Denver valve)
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Indications: The indication for a peritoneovenous shunt
(PVS) must be viewed critically. (s. tab. 16.14) Before
any decision is taken on the shunt implantation, the
indication for TIPS or a possible liver transplantation
must be considered and discussed with the patient. Liver
transplantation provides a real opportunity to eliminate
ascites permanently � generally also with a longer sur-
vival time. (197, 202, 206, 208, 222, 223)

1. Ascites in liver cirrhosis
� refractory progression
� conservatively treatable albeit recurrent condition
� recurrent pleural effusions with ascites
� hernia with ascites and respective complications
� hepatorenal syndrome

2. Budd-Chiari syndrome

3. Chylous ascites

4. Pancreatogenic ascites

5. Refractory malignant ascites
� with considerable strain on the patient

Tab. 16.14: Indications for a peritoneovenous shunt

Contraindications: Experience since 1974 with over
12,000 implanted peritoneovenous shunts has estab-
lished a wide-scale consensus with respect to contraindi-
cations. Such contraindications, which are categorized
as relative, have to be considered in each individual case.
Successful treatment can, however, change contraindi-
cations into a correct indication, i. e. implantable con-
dition. (s. tab. 16.15)

Absolute contraindications
1. Bacterially infected ascites, peritonitis
2. Severe general bacterial infection
3. Liver insufficiency

� clotting disorders
� hepatic encephalopathy (stages II�IV)
� bilirubin > 10 mg/dl

4. Cardiac insufficiency
5. Respiratory insufficiency
6. Blood-tinged, highly viscous ascites

Relative contraindications
1. Increased fibrinolytic activity of the ascites
2. Previous bleeding of oesophageal varices
3. Oliguric renal insufficiency
4. Malignant ascites

Tab. 16.15: Absolute and relative contraindications for peritoneo-
venous shunt implantation

Complications: The frequency of postoperative complications is
extremely high at 43�83% (mean complication rate 65�70%). In
connection with the high postoperative mortality rate (20�22%),
the question is raised as to why such simple surgery involves such
a wealth of complications. The cause can largely be sought in the
generally very poor initial condition of the patient, whose prog-
nosis is deemed infaust anyway. Nevertheless, the opinion is also
held that a considerable percentage of complications can be attri-
buted to avoidable mistakes. • Differentiation is made between
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early complications (intra- and postoperative) and (as from the first
or second week) late complications, although no exact time spans
are given. Some complications can develop at an early stage as
well as at a later point in time. (188, 193, 196, 198, 203, 205, 206,
211, 217, 221) (s. tab. 16.16)

Early complications
1. Methodological/surgical errors (10�20%)

(217, 221, 226)
� misplacement of venous crus
� top of venous crus set at too great an angle to the vascu-

lar wall
� flexion of the venous crus
� venous crus too long/too short
� ligature too narrow
� lack of compressibility in the chamber
� nuchal haematoma
� injury to the recurrent nerve
� pneumothorax
� perforation of the coronary sinus
� cardiac tamponade (due to perforation of the ventricle)

2. Fever (20�30%)
3. Clotting disorders (15�30%)

(22, 200, 214, 219)
� hyperfibrinolysis
� disseminated intravascular coagulation

4. Bleeding as a result of a clotting disorder
5. Fluid overload of the organism

� lung oedema (194)
� cardiac insufficiency
� acute respiratory distress syndrome

6. Tachycardia due to misplacement of the venous crus in the
right ventricle

7. Cholesterol/fat embolism in the lung
8. Bleeding of oesophageal varices (216)
9. Bacterial infection (217, 218)

� wound infection
� bacterial peritonitis (229)
� sepsis
� infection of the shunt valve
� endocarditis

10. Leakage

Late complications
1. Shunt obstruction (10�20%)

� fibrin-related obstruction
� chyle-related obstruction (228)
� thrombosis of the superior vena cava (189, 195)
� thrombosis of the jugular vein/subclavian vein (201)
� ascitic pseudocyst of the superior vena cava (225)
� superior vena cava syndrome (227)

2. Intestinal occlusion
3. Air embolism with intestinal perforation (207, 209)
4. Phlegmonous gastroenterocolitis (190)
5. Abdominal abscess
6. Renal failure
7. Liver insufficiency
8. Shunt wandering (193)

Tab. 16.16: Early and late complications following peritoneoven-
ous shunt implantation (with some references)

Mortality: Since the surgical technique is well stand-
ardized and relatively simple, there is practically no
operative mortality (0%�1.0%). In contrast, postopera-
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tive mortality is put at 10�52% (mean mortality rate
20�22%), depending on the initial condition of the
patient. The causes of death are: (1.) infections (27%),
(2.) liver insufficiency (16%), (3.) cardiac and/or re-
spiratory insufficiency (14%), (4.) consumptive coagulo-
pathy/hyperfibrinolysis (15%), (5.) gastrointestinal
bleeding (13%), (6.) renal failure (5%), and others
(10%). (220, 221)

Risk reduction: The high frequency of mortality and
complications can, however, be reduced markedly. It is
possible to limit risks in the positioning of a PVS and
in postoperative care by ensuring adherence to funda-
mental principles. Numerous examinations are called
for prior to positioning a PVS as well as for the rein-
fusion of ascitic fluid. (s. tab. 16.17)

1. Differential diagnosis of ascites (s. fig. 16.10)
2. Correct indication (s. tab. 16.14)
3. Consideration of contraindications (s. tab. 16.15)

4. Detailed preliminary examinations
� chemical laboratory values, blood coagulation values
� plasminogen (and α2-antiplasmin) in ascitic fluid
� daily urine flow
� daily body check
� psychometric tests (s. p. 203)
� Doppler ultrasonography of the jugular vein
� central venous pressure

5. Appropriate pre- and postoperative treatment
� basic and diuretic therapy (stages I and II)
� optimal balancing of electrolytes
� prophylactic use of antibiotics (s. pp 280, 304)
� intestinal detoxification (s. p. 277)
� intraperitoneal injection of dexamethasone on suspicion

of increased fibrinolytic activity
� ornithine aspartate (s. p. 279)

6. Good cooperation on the part of the patient (s. tab. 16.18)

Tab. 16.17: Risk reduction criteria for PVS

The determination of plasminogen in the ascitic fluid (with a nor-
mal value of >0.7 CTA U/ml), possibly also of �2-antiplasmin
(with a normal value of > 0.1 IU/ml), is a priority. These values
can help to estimate the risk of hyperfibrinolysis after the placing
of a shunt. With a reduction in plasminogen (E. Köttgen et al.,
1982) to <0.7 CTA U/ml (or of �2-antiplasmin to <0.1 IU/ml),
there is frequently a higher fibrinolytic activity of ascites (in some
40% of patients). Plasminogen activators are formed by peritoneal
macrophages, the synthesis and release of which are stimulated by
intestinal endotoxins. In some 50% of patients, endotoxins can be
detected in ascites, yet not necessarily at the same time in the
serum as well. In these cases of greater fibrinolytic activity, the
injection of dexamethasone (16 mg) into the ascitic fluid is indi-
cated. As a result, the synthesis of plasminogen activators in the
macrophages is inhibited. Generally, the values of plasminogen
and α2-antiplasmin rise to within the normal range after 24 hours,
so that the dangers are considerably diminished following the
placement of a PVS and the subsequent infusion of ascitic fluid
into the blood stream (J. Schölmerich, 1987). With inadequate
response of plasminogen (>0.7 U/ml) or of α2-antiplasmin (>0.1
IU/ml), the intraperitoneal administration of dexamethasone (16
mg) should be repeated. Once values have normalized, the shunt
can be placed. A repetition of the intraperitoneal administration of
dexamethasone may also prove necessary during the postoperative
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period. • Intestinal detoxification, which is principally desired and
which can be achieved by means of neomycin and/or lactulose,
serves to diminish the complication of hyperfibrinolysis by reduc-
ing the endotoxins. Where the fibrinolytic activity of ascites is
increased and the efficacy of (repeatedly administered) dexa-
methasone proves inadequate, it is advisable to remove the ascitic
fluid intraoperatively to carry out an abdominal lavage with a
physiological NaCl solution and to instil a saline-albumin solution
prior to the operative closure of the wound. • Should clotting dis-
orders, in particular hyperfibrinolysis, still occur, treatment with
protease inhibitors (e. g. aprotinin 500,000 units as bolus, then
100,000 U/hour by perfusion over 3�4 days) is required.

Antibiotics: Administration of antibiotics (e.g. cefotaxime) is
advisable, starting 2 days prior to and continuing for about 3 days
after shunt placement.

Compliance: Cooperation on the part of the patient is imperative
for the long-term success of a peritoneovenous shunt. Some of the
complications are possibly due to negligence or inadequate adher-
ence to the principal measures required. (s. tab. 16.18)

Success of PVS: In general, a two-year survival time in
ca. 50% of cirrhotic patients with ascites is considered
to be a clinical success. The mortality rate for refractory
ascites is almost 100% after a short period of time. •
The efficacy parameters of PVS can be described as (1.)
reduction in abdominal girth and body weight with
improved respiratory function, physical mobility and
subjective feeling of well-being, (2.) greater diuresis and
natriuresis, (3.) enlargement of the intravasal fluid vol-
ume, (4.) increase in the renal plasma flow and glomeru-
lar filtration rate with improved creatinine clearance
(187, 204), (5.) reduction in ADH, NAF and renin-aldos-
terone values (187, 191, 210, 224), and (6.) diminished
pressure in the portal vein system.

1. Respiratory training exercises
2. Wearing of an abdominal binder
3. If a manual pump system is placed, it should be used

5�6 times per hour
4. Appropriate life-style

5. Daily weight check and handwriting test
(s. pp 203, 305) (s. fig. 15.3)

6. Correct treatment in line with stages I and II
7. Polypragmatic, albeit mosaic-like, concomitant therapy

for underlying ascitic disease
8. Laboratory check-ups at acceptable intervals

(e.g. potassium, sodium, creatinine, haematocrit, thrombo-
cytes, Quick’s value, haemoglobin, AT III, cholinesterase,
electrophoresis)

9. Physical check-ups
10. Ultrasonographic check-ups

Tab. 16.18: Necessary measures for the patient and medical check-
ups after placement of PVS

Our own experience (since 1982 at Wetzlar Hospital for Internal
Medicine, including the monitoring of outpatients) is founded on
the use of the LeVeen shunt (8 cases) and Denver shunt (6 cases).
The patients (all suffering from alcoholic cirrhosis) were selected
in line with the above criteria, examined and treated (with deter-
mination of plasminogen and application of dexamethasone, if
required). The survival rate in these 14 cases amounted to 10
patients after 2 years (ca. 72%), 8 patients after 3 years (ca. 57%)
and 4 patients after 4 years (ca. 29%). (s. figs. 16.13, 16.14)
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Fig. 16.13: Enormous refractory ascites in alcoholic cirrhosis. Bi-
lateral inguinal hernia with scrotal oedema. Muscular atrophy.
Hepatic encephalopathy (II�III) (same patient as in fig. 16.14)

Fig. 16.14: Retrogression of ascites and oedema, increasing stabil-
ization of biochemical and physical findings 16 weeks after place-
ment of a LeVeen shunt (�) (survival time 45 months with two
shunt recanalizations). (same patient as in fig. 16.13)
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After the positioning of a PVS, there was a survival rate
of 40�67% after 1 year and 20�43% after 2 years, with
a considerably improved quality of life. It is realistic to
expect that a three-year survival rate can be achieved in
30�40% of these patients nowadays. Yet this calls for
close adherence to and fulfilment of the criteria on risk
reduction. (s. tab. 16.17) All instructions given to the
patient must be duly observed (s. tab. 16.18, points
1�5), and the medical measures taken must be appro-
priate to the respective situation. (s. tab. 16.18, points
6�10) • For patients with refractory ascites, the peri-
toneovenous shunt or TIPS can provide real help in a situ-
ation that is otherwise hopeless!

10.3 TIPS

On the basis of animal experiments carried out by J.
Rösch et al. (1969, 1971), a transjugular intrahepatic porto-
systemic stent shunt (TIPS) was positioned for the first
time in human surgery by R.F. Colapinto et al. in 1983.
The relatively minor invasive intervention achieves a
clear drop in pressure in the portal circulation with
haemodynamic effects similar to side-to-side anasto-
mosis. This technique, originally introduced for the
treatment of oesophageal varicose bleeding, has since
been used with success for refractory ascites. The suc-
cess rate (i. e. complete remission of ascites) is 70�75%.
The TIPS leads to a reduction in plasma renin, aldos-
terone and the serum-ascites albumin gradient as well
as an up to fourfold increase in natriuresis (such as can
be observed with PVS). With both PVS and TIPS, sub-
sequent liver transplantation is not compromised, so
that these procedures can be used both for recompen-
sation and for bridging the time prior to a transplan-
tation. (s. pp 259, 337, 362) (s. fig. 16.15)

Fig. 16.15: Placement of a TIPS (according to M. Rössle et al., 1989)

Method: The internal jugular vein is punctured. A catheter is intro-
duced into the right hepatic vein. A 55 cm-long needle is pushed
through the catheter. With sonographic and radiological guidance,
an intrahepatic branch of the portal vein is punctured (a). The
portal vein system is then viewed radiologically. The tissue tract is
dilated using a balloon catheter (b), and the dilated tissue tract is
laid in a metal stent splint. (s. fig. 16.15)
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� The underlying disease of liver cirrhosis does not
remain stable “in itself”. Furthermore, it causes a mul-
titude of dysfunctions as well as disease-related con-
ditions of deficiency and malnutrition, which impair
the entire organism biochemically in a variety of ways.
These conditions, however, can often be permanently
influenced by supporting the patient with various
therapeutic measures. The survival time is restricted by
the underlying disease. • For this reason, decision
focuses on the alternatives of “optimal” conservative
treatment or liver transplantation. On reviewing all
clinical reports from over 100 publications available to
us, it can be concluded that it is most definitely possible
to improve the mortality rate and reduce the compli-
cations as well as to achieve a genuinely better quality
of life while slowing down the course of disease and
thus lengthening survival time. (166, 167, 230�236)

11 Surgical treatment

Formerly, the possibilities of treatment were limited. At
one time, 80 (�90)% of all ascites cases were considered
to be refractory to therapy. Death could be expected
within a short space of time. This explains the develop-
ment of a multiplicity of surgical techniques � which
seemed justifiable in spite of the high mortality rate
(30�60%) � in order to achieve a longer survival time
with a better quality of life for the individual. Despite
sophisticated ideas, which indeed appeared to be logical
at the time, these techniques generally proved inade-
quate and unfeasible in the long run. (s. tab. 16.19)

Probably the first surgical step was hepatopexy, which
was performed by Ch. Th. Billroth in 1894. After the
first omentopexy (or epiplopexy) was carried out by D.
Drummond et al. in 1896 (243) and by S. Talma in 1898
(259), attention continued to focus on surgical ways to
treat ascites. With regard to the pathophysiological
aspects, the techniques described can be categorized
into six groups:

1. Interventions in the portal vein system
2. Interventions in the abdominal arterial system
3. Interventions in the endocrinium
4. Coating of the liver
5. Drainage operations
6. Liver transplantation

� By means of visceropexy (e. g. hepatopexy, omentopexy, spleno-
pexy, rectus wick operation), an attempt was made to relieve the
portal vein circulation by the gradual spontaneous development of
venous collaterals and also to improve the collateral circulation.
(238, 243, 246, 249, 259)

� Following the first portacaval anastomosis on a human being
carried out by E. Vidal in 1910 (this operation had already been
successfully performed on an animal by N. V. Eck in 1877), this
technique was then used to treat ascites. Here, side-to-side anasto-
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I. Interventions in the portal vein system
1. Hepatopexy (Ch. Th. Billroth, 1884)
2. Omentopexy

(D. Drummond et al., 1896; S. Talma, 1898)
3. Splenectomy (I.N. Rafferty, 1900)
4. Splenopexy (Bunge, 1902)
5. Rectus wick operation
6. Anastomosis operation:

� portacaval (E. Vidal, 1910);
� mesocaval; splenorenal

7. TIPS (R.F. Colapinto et al., 1983)

II. Interventions in the arterial system
1. Ligature of the hepatic artery (A. Narath, 1909)
2. Ligature of the splenic artery

(R.M. Moore et al., 1950)
3. Ligature of the left splenic-hepatic-gastric

artery (J.K. Berman et al., 1952)
4. Ligature of the splenic-hepatic artery

(J.L. Madden et al., 1953)
5. Ligature of the coeliac artery (R. Wanke, 1956)

III. Interventions in the endocrinium
1. Total adrenalectomy (F.G.W. Marson, 1954)
2. Thyroidectomy (J.W. Canter et al., 1959)

IV. Coating of the liver
1. Hepatodematosis (G. Oselladore et al., 1963)

V. Drainage operations
1. Sapheno-peritoneostomy (M. Ruotte, 1907)
2. Tissue, skin (P. Patterson, 1910)
3. Retroperitoneum
4. Ureter, renal pelvis (C. Ferguson, 1943)
5. Urinary bladder (D. Mulvany, 1955)
6. Ileoentectropy (C.G. Neumann et al., 1956)
7. Pleuroperitoneostomy (I. El-Toreai, 1961)
8. Peritoneovenous shunt (H.N. Smith, 1962)
9. Thoracic duct � azygous vein

(A.E. Dumont et al., 1963)
10. Hepatophrenopexy (A.L. Meier, 1970)
11. Hepatospleno-pneumopexy

(H. Akita et al., 1980)
12. Thoracic duct � subclavian vein

(E.L. Coodley et al., 1980)

VI. Liver transplantation

Tab. 16.19: Surgical attempts to eliminate refractory ascites (s. also
tab. 19.7!)

mosis proved superior to end-to-side anastomosis. With the help
of portacaval as well as mesocaval or splenorenal anastomosis, it
was possible to achieve a sustained reduction in the portal blood
flow to the liver, yet success was poor in terms of eliminating the
ascites. (239)

� Likewise, an attempt was made to eliminate ascites surgically by
reducing the portal and arterial blood flow to the liver. This was
achieved by arterial ligation in the root zone of the portal vein as
well as by ligation of the hepatic artery. The results were disap-
pointing.

� In 1953 animal experiments demonstrated that bilateral adrenal-
ectomy culminated in clear natriuresis, causing the ascites to dis-
appear (J. O. Davis et al., 1953). This observation was confirmed in
1954 in a patient with portal ascites and bilateral adrenalectomy.
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An explanation for this success was found in the normalization of
increased aldosterone values witnessed in ascitic dogs after
adrenalectomy was performed. (237, 248, 252) • Thyroidectomy
(J. W. Canter et al., 1959) proved similarly favourable in terms of its
effect on ascites. (237, 240)

� Both in animal experiments and in human beings, it was demon-
strated that hepatodematosis can prevent the development of ascites.
This coating of the liver was effected using a plastic adhesive or poly-
vinyl sponge. Yet, this procedure had no clinical significance.

� There were many variations in the attempts to drain the ascitic
fluid. Repeated paracentesis was carried out, in which knobs or
tubes with closing caps were inserted into the abdominal walls. It
was recommended to channel the ascitic fluid into the skin, tissue
or retroperitoneal spaces. Drainage was laid to allow the ascitic
fluid to run off into the renal pelvis, ureter or urinary bladder, a
procedure which was rather complicated, dangerous and at the
same time useless. Lymphovenous anastomoses between the thor-
acic duct and the azygous vein or subclavian vein likewise yielded
no satisfactory results. Other surgical techniques, such as pleuro-
peritoneostomy, ileoentectropy, hepatospleno-pneumopexy, hepa-
tophrenopexy, etc., were interesting as regards their methodology,
yet proved to be of no clinical benefit. (241, 242, 244, 245,
250�252, 253�260)

Fig. 16.16: Steps in conservative and invasive or surgical treatment
for hepatogenic ascites

12 Liver transplantation

Transplantation of the liver essentially gives patients with
refractory portal ascites a chance to start a new life. How-
ever, in the presence of large-scale ascites, the surgeon is
faced with a number of specific problems such as over-
dilated and thin abdominal walls, existing hernia, spon-
taneous bacterial peritonitis, significant volume displace-
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ment and hypotension as a result of the complete removal
of ascites, large protein losses, restricted renal function or
a greater consumption of erythrocyte concentrates due to
more pronounced collateralization. Nevertheless, the sur-
vival rate of patients with refractory ascites was 91.7%
after one year and 84.3% after three years, which was, in
fact, practically identical to the survival rates of patients
without detectable ascites or with intraoperatively min-
imally detectable ascites. These very good results in the
treatment of refractory ascites are achievable after
orthotopic as well as heterotopic auxiliary liver trans-
plantation. (s. fig. 16.16) • Nevertheless, mention must be
made of the fact that ascites can even occur for the first
time after liver transplantation. (254) Causes of post-
operative ascites include (1.) intraoperative disruption of
the perihepatic lymph discharge, (2.) stenosis of existing
caval anastomoses, (3.) hypalbuminaemia, (4.) relapse of
the underlying disease, and (5.) chronic rejection of the
transplant. (see chapter 40.7)

Synopsis

This resumé of the possibilities open for the treat-
ment of hepatogenic ascites presents a successful step-
by-step therapy programme. (s. fig. 16.16)

In all patients, conservative therapy is initially
founded on basic and diuretic therapy, which is suc-
cessful in 60�80% of cases. In individual instances,
the therapeutic measures of stage III are recom-
mended. Apparent refractory forms of ascites call for
paracentesis (stage IV), unless there are reasons
against this. Some 80�90% of all patients with portal
ascites can be successfully treated conservatively.
Given the appropriate indication, reinfusion of ascitic
fluid is also feasible.

If the results of conservative therapy (stages I�IV)
are unsatisfactory, invasive treatment should be con-
sidered. The decision in favour of a particular pro-
cedure in each individual case is initially determined
by hepatological factors such as (1.) general con-
dition and age of the patient, (2.) underlying disease
of the ascites, (3.) severity of the liver disease, (4.)
complications of the ascites, and (5.) secondary find-
ings as well as additional diseases. These factors yield
clear hints as to the indication or contraindication for
a specific invasive procedure. Following this prelim-
inary decision, an indication is evaluated together
with the surgeon or radiologist. In the light of the
probable three-year survival time � a period which
cannot be achieved by any other surgical technique
� the indication for liver transplantation should be a
primary consideration. The problem, however, is that,
given the inadequate number of donor livers avail-
able, a suitable liver cannot always be obtained, and
usually not in the time required. This is why a liver
transplantation should always be planned in advance,
if possible.
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It may indeed be necessary to postpone the trans-
plantation or to bridge the period prior to the trans-
plantation owing to ascites factors or other particular
difficulties, including the absence of a suitable liver
transplant. To this end, the peritoneovenous shunt and
TIPS are suitable temporary operative steps. Indeed,
it is these techniques which actually make subsequent
liver transplantation possible. • Thus PVS and TIPS
are principally indicated if it is not (or not yet) pos-
sible to carry out a liver transplantation.
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17 Hepatorenal syndrome

� The coexistence of a liver and kidney disease is a frequent clinical
event. • In fact, reports in the literature date back more than 100
years (F. Th. Frerichs, 1861; K. W. H. Nothnagel, 1874; P. J. Moebius,
1877; A. Weil, 1886). As early as 1863, A. Flint observed the coex-
istence of cirrhosis with ascites and oliguria, although autopsy
revealed the kidneys to be normal. In animal experiments, M.
Pawlow (1893) was able to show the occurrence of albuminuria
after the placement of a portacaval anastomosis. Jaundice mainly
developed parallel to renal damage. Richardière (1890) coined the
term “hépatonéphrite” to describe this clinical picture. (49) In
1911 both P. Clairmont et al. and F. Steinthal reported for the first
time on renal failure with fatal outcome following surgery on the
bile ducts for obstructive jaundice. This renal failure in biliary
obstruction was described by F. C. Helwig et al. in 1932 as “liver-
kidney syndrome”. (27)

The term “hepatorenal syndrome” was introduced by P. Merklen

in 1916 and taken up by W. Nonnenbruch in 1939. The following
description is still largely accepted today: “A combination of ana-
tomically defined liver disease with a sometimes severe restriction
in the function of the kidneys, which display few, if any, morpho-
logical changes. Liver disease can be the outcome of hepatocellular
damage of any type, i. e. it can be toxic or infectious and originate
from cirrhosis or cancer.” (44)

1 Definition

The hepatorenal syndrome (HRS) is a functional,
oliguric, progressive, in principle reversible, circu-
lation-related kidney failure occurring in severe liver
disease and portal hypertension and increasing liver
insufficiency � assuming there are indeed no other
causes of the renal insufficiency.

� This syndrome is, in fact, prerenal kidney failure �
yet without response to an adjustment of the effective
plasma volume, i. e. expansion of the intravasal volume
does not influence the renal function. This functional
renal failure is due to extreme intrarenal vasoconstric-
tion and reduced perfusion in the area of the renal cor-
tex, whereby the blood supply to the medullary parts of
the kidney is largely normal. The extrarenal circulation
is undisturbed (arterial vascular resistance and vascular
filling as well as cardiac output are normal). In cases
of cirrhosis, systemic vasodilation becomes increasingly
prevalent, together with hyperdynamic circulatory dis-
turbance. In clinical terms, the ultimate outcome is pro-
nounced sodium and water retention with oliguria and
excretion of practically sodium-free urine � without or
with only slight (< 500 mg/dl) proteinuria.

2 Pathogenesis

The frequent coexistence of the hepatorenal syndrome,
ascites and/or hepatic encephalopathy suggests that
similar pathogenetic mechanisms are responsible for
these three intricate developments.
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2.1 Biochemical factors
The numerous biochemical substances that may be considered with
regard to hepatic encephalopathy or ascites have been outlined in
detail. (s. tabs. 15.2; 16.5) • Similarly, an extensive synopsis of
pathogenetically effective biochemical factors can be drawn up for
HRS as well. All of them ultimately interfere � directly or
indirectly � with the renal retention or excretion of sodium and/
or the balance between vasodilation and vasoconstriction. RAAS
is markedly activated. (5, 28, 33, 41, 62, 64, 65) (s. tab. 17.1) •
Vasodilative factors under discussion include bilirubin, bile acids,
nitrogen monoxide (NO), false neurotransmitters, calcitonin pep-
tide (25) as well as platelet-activating factor (PAF). In more recent
studies, considerably higher plasma values of the vasoconstrictor
leukotrienes (C4 and D4) (41) and endothelin 1 and 3 (42) were
detected.

Liver Plasma Kidneys/Urine

Angiotensinogen synthesis �
Kininogen synthesis �
Renin breakdown �
Angiotensin II breakdown �
Aldosterone breakdown �
Endotoxin breakdown �
Vasopressin breakdown �

Renin (62) �
Angiotensin II �
Aldosterone �
Endotoxin �
Noradrenaline �
Vasopressin �
Endothelin 2 and 3 (42) �
Leukotriene C4 and D4 (41) �
Calcitonin peptide (25) �
Antidiuretic hormone (ADH) �
Kallikrein �
Bradykinin (62) �
Atrial natriuretic factor (ANF) �

Renin �
Angiotensin II �
Aldosterone �
Endothelin �
Thromboxane A2 (65) �
Leukotriene E4 �
Prostaglandin E2 (65) �
Prostacyclin �
Bradykinin �

Tab. 17.1: Synopsis of the activity of biochemical factors in the
liver, plasma and kidneys or urine relating to the hepatorenal syn-
drome (with some references)

2.2 Haemodynamic factors
Hepatorenal syndrome is characterized by pronounced vasocon-
striction of the renal cortex with tortuosity and narrowing of the
interlobular and arcuate arteries. The blood supply to the renal
cortex may be almost totally interrupted and, at the same time,
the blood flow is diverted into areas containing cortical vessels
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near the medulla. The renal medulla is, however, supplied with
blood in a regular way, thus allowing the nephrons to function
normally. The insufficient blood supply to the renal cortex is
aggravated by intrarenal arteriovenous shunts, leading to rapid
changes in haemodynamics. This instability in renal perfusion is
possibly due to reduced synthesis of angiotensinogen in the liver.
Disturbances in the renal blood supply can proceed continuously
through the non-azotaemic and azotaemic stages to the ultimate
oliguric final phase. • The functional nature of renal vasoconstric-
tion was also demonstrated by the fact that the ischaemia of the
renal cortex, which had been ascertained by selective angiography
in vivo, was not evident in the postmortem evaluation of the kid-
ney. Indeed, the cortical vascular network had completely regained
its normal structure. • Increased levels of neuropeptide Y could be
found in HRS. This is related to circulatory dysfunction as well as
to stimulation of the sympathetic nervous system and may thus
contribute to renal vasoconstriction. (5, 28, 33, 52�54)

Sinusoidal portal hypertension

�
NO production in splanchnic vessels �

�
Splanchnic vasodilation

�
Effective arterial blood volume �

�
Stimulation of vasoconstrictors

�
Renal vasoconstriction

�
Renal perfusion �
Glomerular perfusion �

�
HRS

Fig. 17.1: Hypothetic pathogenesis of the hepatorenal syndrome
in cirrhosis

3 Clinical aspects

In liver cirrhosis, hepatorenal syndrome is nearly always
(> 80%) accompanied by ascites. HRS is most common
in alcoholic cirrhosis. In some 75% of cases, hepatic
encephalopathy is witnessed at the same time, and jaun-
dice is evident in about 40% of cases. HRS occurred in
18% of all cirrhotic patients with ascites within one year
and in 32% within 5 years. (21)

Histological findings are minimal in HRS. No con-
stant or specific changes are known. In most cases,
histology is either completely normal, or only minor
degenerative changes of the tubuli and glomeruli are
present. • Nevertheless, with a severe and protracted
course of disease, the occurrence of acute tubular
necroses can become more pronounced, resulting in
end-stage renal failure.

325

3.1 Risks and predictive factors

Numerous risk situations are able to trigger HRS and
various predictive factors make it possible to ascertain
the development of HRS in non-azotaemic patients with
cirrhosis and ascites. Often the actual cause is not
directly recognizable (e. g. undisclosed alcohol abuse,
environmental noxae). Typical liver function parameters
do not help to anticipate the development of HRS. (11,
19, 21, 53, 60) (s. tab. 17.2)

Risk factors

Alcohol abuse
Bleeding oesophageal varices
Cholestasis
Electrolyte imbalance
Excessive diuresis
Increased intra-abdominal pressure (tense ascites!)
Inexpert paracentesis
Infections
Nephrotoxic drugs
Poor nutritional status
Previous episodes of ascites
Spontaneous bacterial peritonitis

Predictive factors

Creatinine �
Glomerular filtration �
Natriuresis �
Plasma osmolality �
Potassium �, ( �)
Urea �
Urine osmolality �

Tab. 17.2: Risk and predictive factors in patients with cirrhosis and
ascites regarding the development of HRS

3.2 Courses of disease

There are three ways in which the hepatorenal syndrome
can become manifest:

1. acute HRS (type I): rapid elevation of creatinine (> 2.5
mg/dl), reduction of 24-hour creatinine clearance (< 20
ml/min), oliguria (< 500 ml/day) and natriuria (< 10
mmol/l) as well as jaundice, hypoprothrombinaemia,
hypalbuminaemia and encephalopathy � but no protein-
uria. • All courses of disease which do not correspond to
type I are assigned to one of the other two types;

2. chronic HRS (type II): slow course of this complicated
condition, renal function is more stable, reduction of
24-hour creatinine clearance (< 40 ml/min). This (most
frequent) form is often long-standing, although only
slightly increased creatinine values in the serum (> 1.5
mg/dl) and natriuria (< 20 mmol/l) are clinically detect-
able. Type II is frequently accompanied by a diuretic-
resistent ascites;

3. acutely exacerbated chronic HRS.



Chapter 17

3.3 Complaints

Subjective factors suggestive of HRS are unknown or
uncharacteristic. The clinical picture is influenced by the
underlying liver disease. (s. tab. 17.3)

1. Liver cirrhosis, especially in
� alcoholic cirrhosis
� ascites and diuretic therapy
� hepatic encephalopathy
� oesophagogastrointestinal bleeding

2. Acute liver failure
3. Acute viral hepatitis (34, 45)
4. Primary liver cell carcinoma (39)
5. Liver metastases (51)
6. Hemihepatectomy
7. Acute fatty liver of pregnancy

Tab. 17.3: Severe liver diseases with the occurrence of a hepato-
renal syndrome (with some references)

3.4 Diagnosis

The diagnosis is initially based on the principal symp-
tom of oliguria (urine volume < 500 ml/day). When set-
ting up a differential diagnosis, the classification of olig-
uria is facilitated by a probationary volume replenish-
ment (1500 ml of 0.9% NaCl solution or 5% human
albumin). A clear improvement in or normalization of
urine excretion achieved in this way is evidence against
hepatorenal syndrome and in favour of prerenal kidney
failure. (s. tab. 17.4)

Azotaemia develops progressively with an increase in
creatinine and urea. These findings point to a drop in
the glomerular filtration rate (GFR) and renal blood
flow. The quotient of creatinine in the urine and plasma
is high (> 40). Likewise, the quotient of urea-N in the
urine and plasma is elevated (> 8). There is a reduction
in creatinine clearance within 24 hours to < 40 ml/min.
The serum value of urea displays a disproportionate
increase compared to creatinine (urea-N/creatinine ratio
> 20), since the tubular reabsorptive capacity with
respect to urea depends on diuresis (maximum 2 ml/
min). In hepatorenal syndrome, the minimal urinary
flow gives rise to a longer tubular period of contact with
greater tubular reabsorption of urea.

In general, the sediment in the urine is normal. Protein-
uria or erythrocyturia are not characteristic of hepato-
renal syndrome. • The excretion of sodium in the urine
is lower than 10 mmol/day, with a fractional excretion
of sodium of < 1%. For this reason, there is likewise
increased renal retention of water. • The urine osmolality
is greater than the plasma osmolality, which results in a
quotient of > 1.3. With increasing severity of hepato-
renal syndrome and transition of the penultimate phase,
the urine becomes iso-osmotic with an osmolality quo-
tient of 1 or < 1. (19, 43, 52, 53, 60) (s. tab. 17.4)
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Criteria Hepato- Acute Prerenal
renal kidney kidney
syn- failure insuf-
drome ficiency

Specific weight > 1,030 1,020 > 1,030
Oliguria (<500 ml/day) � � �
Azotaemia � � �
Urineosm (mosm/kg) > 500 < 350 > 500
UrineNa (mmol/l) < 10 > 30 < 20
Urineosm/Posm > 1.3 < 1.1 > 1.3
Urineurea/Purea > 8 < 3 > 8
Urinecreat./Pcreat. > 30 < 20 < 30
FeNa (%) < 1 > 1.5 < 1

Tab. 17.4: Urine findings for the differential diagnostic definition
of hepatorenal syndrome � provided that there has been no pre-
vious diuretic therapy. • Generally, however, this has proved neces-
sary, which could be a reason for the considerable differences in
the factors and figures reported in the literature

Reduced free water clearance is characteristic. It is the
cause of hyponatraemia (serum sodium < 130 mmol/l),
which is often evidenced � this can be precipitated by
an increased intake of free water (elevated sodium level
in the presence of excessive water). This dilutional hypo-
natraemia is a sign of a reduced serum osmolality (< 280
mosm/l). (4, 14)

In cirrhotic patients, elevated gastrin values in the
serum, which are due to restricted excretion of gastrin
in the urine and/or reduced gastrin inactivation in the
liver, are suggestive of hepatorenal syndrome.

A rise in the resistance index of the kidneys and a reduc-
tion in renal perfusion as shown by Doppler duplex sono-
graphy make possible an early diagnosis before renal dys-
function is clinically evident. (47) • Coloured sonography
has proved of great value in determining renal haemo-
dynamics (which is in posture position deteriorates).

3.5 Prognosis

The prognosis of HRS, especially type 1, is poor with a
lethality rate of 87�98%. The survival time amounts to
1.7�2.6 weeks. (20) Death results from acute renal fail-
ure or complications of cirrhosis, such as gastrointes-
tinal bleeding or hepatic coma. Patients with HRS type
II have a better prognosis (6�12 months). Spontaneous
reversibility of hepatorenal syndrome has been demon-
strated following a decisive improvement in liver func-
tion � yet it can only be rarely expected (in 3�5% or
2�13% of cases). With the spontaneous regression of
portal ascites, the impaired renal function is generally
improved. Liver transplantation likewise led to a nor-
malization of renal function (13, 30, 50) � just as the
kidneys of a patient with hepatorenal syndrome func-
tioned normally again following transplantation into a
patient with a healthy liver. (5, 6, 11, 19, 20, 43, 60)
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4 Differential diagnosis

The diagnosis of hepatorenal syndrome calls for the
exclusion of prerenal, renal or postrenal kidney insuf-
ficiency. (s. tabs. 17.4, 17.6) • The presence of disease in
both the liver and kidney in the sense of a pseudohepa-
torenal syndrome must also be ruled out. (s. tab. 17.5)

1. Circulatory disorders
� Cardiac insufficiency
� Shock

2. Congenital malformations
� Congenital liver fibrosis
� Cystic liver and cystic kidney

3. Experimental
� Choline deficiency

etc.

4. Infections
� Legionnaire’s disease
� Leptospirosis
� Malaria
� Sepsis
� Viral hepatitis
� Yellow fever

5. Intoxications
� Burns
� Chemicals

� carbon tetrachloride
� chrome, lead, arsenic, mercury
� copper sulphate
� trichloroethylene, methanol

� Endotoxins
� Hyperthermia
� Mycotoxins
� Snake venoms
� Waterhouse-Friderichsen syndrome

6. Medicaments
� Halothane
� Iproniazid
� Methoxyflurane
� Paracetamol
� Sulphonamide
� Tetracycline

7. Metabolic diseases
� Acute intermittent porphyria
� Amyloidosis
� Diabetes mellitus
� Eclampsia
� Glycogenosis I
� Haemochromatosis
� Reye’s syndrome
� Sickle-cell anaemia
� Tyrosinaemia, oxalosis
� Wilson’s disease

8. Systemic diseases
� Lupus erythematosus
� Periarteritis nodosa
� Rheumatoid arthritis
� Sarcoidosis

9. Tumours
� Hypernephroma
� Metastases

Tab. 17.5: Coexistent disease of the liver and kidneys (comorbid-
ity), so-called pseudohepatorenal syndrome (H. O. Conn, 1973)
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4.1 Pseudohepatorenal syndrome
Numerous diseases can impair both liver and kidneys at the same
time. Each individual case reflects different levels of damage and
severity, the liver and kidneys being affected to varying degrees.
The prognosis is determined by this wide scope of variability. Sim-
ultaneously occurring diseases of the liver and kidneys are sub-
sumed under the term pseudohepatorenal syndrome (H. O. Conn,
1973). (s. tab. 17.5)

4.2 Prerenal kidney insufficiency
Dehydration with diminished volume (bleeding, large water losses,
diuretic therapy, paracentesis, intravasal volume shifting) can lead
to prerenal azotaemia. Typically, renal function normalizes again
when fluid intake is increased, i. e. in contrast to the hepatorenal
syndrome, the intravasal volume can be influenced by therapy.

4.3 Primary kidney diseases
Initially, it is important to rule out primary kidney diseases, includ-
ing all glomerular, interstitial and vascular forms, as well as acute
tubular necrosis resulting, for example, from nephrotoxins, sepsis,
hypoxia or shock. In severe or protracted kidney disease, various
chemical findings can point to liver involvement (as suggested by
a rise in GPT, GOT, GDH and AP or by impaired liver function).
These pathological laboratory parameters are also reflected in cel-
lular or canalicular forms of impairment. The treatment of pri-
mary kidney diseases (e.g. with immunosuppressives, cyclosporin)
may give rise to liver damage, which can be ascertained morpho-
logically and in laboratory investigations.

4.4 Secondary kidney diseases
In various diseases of the liver and biliary ducts, with or without
jaundice, a wide range of secondary kidney diseases can occur.
They differ greatly in their degree of severity and their prognosis
and can cause considerable difficulties in the drawing up of a dif-
ferential diagnosis. (53, 54) (s. tab. 17.6)

Glomerular kidney diseases
1. Impaired renal function with acute viral hepatitis
2. Immune complex nephritis with chronic HBV and HCV

infection
3. Glomerulosclerosis with cirrhosis

� mesangial form
� IgA nephropathy
� membranous proliferative form

Tubular kidney diseases
1. Renal tubular acidosis

� distal form (type I)
� distal and proximal form (type II)

2. Acute tubular necrosis (acute kidney failure)
3. Biliary nephrosis

Tab. 17.6: Forms of secondary kidney damage in the course of
hepatobiliary diseases

Mild renal dysfunction in the form of clinically non-significant pro-
teinuria and erythrocyturia in acute viral hepatitis subsides once
the acute viral hepatitis has been cured. Occasionally, serum cre-
atinine levels may be slightly raised. Histologically, small deposits
of immune complexes can be found in the glomeruli.

Immune complex nephritis is generally caused by the deposition of
circulating immune complexes in the glomeruli, mostly in chronic
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viral hepatitis B and C (men are affected four times as often as
women). Proteinuria and haematuria are in evidence, together with
the retention of substances usually eliminated in the urine. A neph-
rotic syndrome possibly leading to renal insufficiency with hyper-
tension may develop. Treatment of this perimembranous glomeru-
lonephritis with interferon alpha has proved beneficial.

Some 50�95% of patients with liver cirrhosis show histological
evidence of glomerulosclerosis. This course of glomerulonephritis
may take three different forms: (1.) mesangial form with thickening
of the mesangial matrix and basal membrane of the capillaries, (2.)
glomerulosclerosis with glomerular deposition mainly of IgA (�
IgA nephropathy), and (3.) membranous proliferous form with
obvious cellular proliferation and additional glomerular depos-
ition of IgA. As a rule, proteinuria and erythrocyturia are only
minimal. Up to now, treatment has not been possible � and is
usually not required. (s. tab. 17.6)

Renal tubular acidosis in liver cirrhosis is due to an inadequate
concentration of sodium ions on the distal tubuli (type I). As a
result, the secretion of hydrogen ions is reduced. This is attributed
to cellular immune processes as well as to toxic effects such as
copper or bile acids. (s. tab. 17.6)

Acute tubular necrosis can occur in the course of a hepatobiliary
disease. In an aetiopathogenetical context, hypoxia, hypotension,
nephrotoxins and so far undefined biochemical substances are
deemed responsible. The outcome is a disruption in the reabsorp-
tion of sodium and water; the urine is less concentrated (isosthen-
uria). There is a greater excretion of sodium (>30 mEq/l) and of
beta-2 microglobulin in the urine. Acute, yet in principle reversible
renal failure can develop. Therapy thus consists of bridging the
phase of insufficiency temporarily by dialysis.

In cases of acute biliary nephrosis, histological investigation reveals
swellings of the tubular cells and bilirubin renal casts. This is due
to elevated concentrations of bilirubin and bile acids in the serum.
The kidneys show a marked sensitivity to oxygen deficiency, with
the danger of acute kidney failure. This explains the relatively fre-
quent occurrence of renal insufficiency in diseases of the extra-
hepatic bile ducts, in obstructive jaundice or following bile duct
surgery. (s. tab. 17.6)

After exclusion of these differential diagnostic possi-
bilities in liver diseases with renal symptoms, the
likely diagnosis is hepatorenal syndrome. In the case
of a severe and protracted course, this functional
impairment of the kidneys can progress to true, acute
renal failure, even with tubular necrosis.

5 Prophylaxis and therapy

Prophylactic measures with regard to the hepatorenal
syndrome are of decisive and vital importance. It must
be borne in mind that the water balance is extremely
sensitive in cirrhotic patients. The cause can almost
always be found in an enormous iatrogenic intervention
in the volumetric balance (aggressive diuresis, imbalance
in the tapping of ascitic fluid, excessive restriction of
fluid). For this reason, it is important to avoid all sub-
stances which could worsen renal function (e.g. non-
steroidal antirheumatics, aminoglycoside antibiotics)
and all measures which could lead to a reduction in the
effective plasma volume. Furthermore, care should be
taken to apply the principles of prophylaxis and therapy
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for hepatic encephalopathy (s. p. 277) and ascites (s. p.
304). Spontaneous bacterial peritonitis should be
treated at an early stage. (s. p. 303) • The most signifi-
cant therapy target is to decrease the tonus in the effer-
ent vessel of the glomerule.

5.1 Maintaining homoeostasis

The electrolytes and acid-base balance should be
restored in careful coordination with the renal function.
• In hyponatraemia, either the fluid intake should be
reduced to 700�1,000 ml/day, or a combination of a
hypertonic salt solution (3%) and a loop diuretic should
be administered intravenously. (s. p. 308) Likewise, an
attempt can be made using a combination of diuretics
and urea diuresis. Generally, sodium and water intake
should be restricted. It is imperative to achieve an even
volumetric balance, possibly supported by the cautious
intake of fluid.

5.2 Improvement of liver function

To date, there is no effective therapy for the hepatorenal
syndrome. Therapeutic possibilities are very limited due
to the loss of function of two vital organs, liver and
kidneys. The ideal goal would be to improve liver func-
tion, since clear improvement in the condition of the
diseased liver has always preceded the reversibility of
the hepatorenal syndrome. • Even if there is only a slight
chance of improving liver function, certain biochem-
ically justifiable and pharmacologically plausible pro-
cedures can indeed be implemented in serious cases of
disease: (1.) optimal nutrition, (2.) substitution measures
(e. g. multivitamins, trace elements, branched-chain
amino acids, essential phospholipids), and (3.) support-
ive therapy programme (reducing endotoxinaemia by
means of lactulose, influencing the synthesis of urea by
means of ornithine aspartate, etc.). (5, 7, 9, 52, 58, 63)

5.3 Conservative treatment

� The overriding aim of therapy is to increase renal
blood flow. This can be achieved either indirectly
through splanchnic vasoconstriction or directly by
encouraging renal vasodilation. Hereby, certain prob-
lems arise concerning substances which spill over into
the splanchnic circulation causing splanchnic vasocon-
striction and at the same time exacerbating the renal
vasoconstriction already present. (5�7, 10, 12, 19, 33, 43,
58, 60, 63)

Many investigations have focused on the efficacy of con-
servative treatment for improving both systemic and
renal haemodynamics or for suppressing the activated
hormone systems. • The complexity of the pathogenesis
of hepatorenal syndrome, which varies in each individ-
ual case, explains the differences in impact of the sub-
stances used. For this reason, there are pathogenetic
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grounds for the simultaneous application of the phar-
macological possibilities mentioned. (12)

Optimal fluid management is necessary. Fluid overload
must be avoided. Measurement of the central venous
pressure is important.

Attempts at treatment through “head-out” water immer-
sion (M. Epstein et al., 1976) can be deemed relatively
effective and, above all, low in risk, provided this is feas-
ible with a seriously ill patient. This simple method
increases the central blood volume (� redirecting extra-
cellular fluid to the vascular system). There is a signifi-
cant rise in the volume of the urine and in natriuresis �
although one must also reckon with a number of non-
responders when applying this method.

A lumbar blockade of the sympathetic nervous system is
a methodologically simple procedure, practically free
from complications, which has proved to be effective in
individual cases. (58)

Intravenous application of sodium-free albumin and/or
10% mannitol can be successful, possibly with the add-
itional administration of low-dose diuretics (such as
xipamide, torasemide), whereby due attention should be
paid to renal function. Diuretics or aldosterone antago-
nists may only be used if the indication is precise and
all risks have been considered.

Thought can be given to i.v. application of low-dosed
dopamine (100 mg/12 hr or < 5 µg/kg BW/hr). This vaso-
dilator was able to improve the angiographic appearance
of the renal cortical vasculature and the cortical blood
flow. No change was seen in GFR or urine output. Dop-
amine alone cannot be recommended. (quot. 6, 12, 43)

Ornipressin is a vasopressin analogue that primarily
leads to vasoconstriction of the splanchnic vasculature.
The first report outlining its use was compiled in 1985
by K. Lenz et al. (36) Dosage was 25 IU/12 hr or 6 IU/4
hr. The outcome was a fall in renal vascular resistance
and an improvement in the glomerular filtration rate.
(23; quot. 6, 10, 12, 43) • The combined administration of
ornipressin (2�6 IU/hr) and albumin (20�60 g/day) for
a period of 2 weeks (with intensive care monitoring!)
has led to remarkable therapeutic success. (24)

Terlipressin (2 mg/day, multiple doses) was likewise suc-
cessfully administered over a temporary period. No side
effects were reported. Terlipressin produced an im-
provement of renal function in 70�75% of cases and an
increased survival in patients with type 1 HRS. (2, 11, 26,
43, 57) • Terlipressin (0.5�2.0 mg/4 hr, i.v.) plus albumin
(20�40 g/day) (19, 59) or plus hydroxyethyl starch (500
ml/day) appears to be an effective treatment for HRS.

The combined application of midodrine and octreotide
(i. e. an α-adrenergic agonist as a vasoconstrictor plus a
substance inhibiting the release of endogenous vasodila-
tors such as glucagon) led to an improvement in both
GFR and natriuresis. (3)
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Therapeutic attempts using angiotensin II / noradrenalin
(first described by R. Ames et al. in 1965) or ACE inhib-
itors, sympathicomimetic agents and α- as well as β-
receptor blockers yielded no (or only brief) success. •
The combined i.v. application of noradrenalin (0.5�3.0
mg/day) plus albumin and furosemide shows a remark-
able improvement in type 1 HRS. (15)

A therapeutic effect has been achieved by administering
N-acetylcysteine (150 mg/kg BW for 2 hours and subse-
quently 100 mg/kg BW for 5 days). (29)

Likewise, reports have been published on the positive
effect of misoprostol, a synthetic prostaglandinE1, after
oral administration (4 � 0.4 mg/day) (17, 21) or with
intra-arterial application.

A few isolated reports are available on the elimination
of renal vasoconstriction, particularly using ANP (atrial
natriuretic peptide) with its pronounced diuretic and
natriuretic effects.

Treatment with branched-chain amino acids led to a
reduction in azotaemia and creatinine as well as an
increase in natriuresis. (9)

5.4 Invasive therapy

The infaust prognosis of hepatorenal syndrome and the
short space of time preceding its fatal outcome not only
call for the swift and concurrent use of multiple conser-
vative measures, but also make invasive therapy worth
considering. Here, too, any decision with regard to ther-
apy must initially focus on the clinical difficulties relat-
ing to the respective underlying disease.

Haemodialysis may be indicated after the condition has
passed from functional renal failure to true renal insuffi-
ciency. Discussion should also centre on dialysis as a
possible way to bridge the phase of renal insufficiency
or to gain time for the liver function to improve and
allow the hepatorenal syndrome to become reversible.
(31) • Peritoneal dialysis achieved temporary success in
treating azotaemia and hyponatraemia, but the lethality
rate could not be reduced. Nevertheless, some cases of
successful treatment were observed. (48)

PVS: There are many reports on experience made with
peritoneovenous shunts (s. p. 311), the positive tenor of
which justifies its incorporation when planning therapy
for hepatorenal syndrome with marked ascites. (16, 18,
31, 32, 37, 38, 46, 61, 64)

TIPS: In its function as a portacaval side-to-side shunt
(s. pp 259, 314, 362), TIPS has also proved to be suc-
cessful in the treatment of HRS. The survival rate after
18 months was 35%, whereas only 10% of non-shunted
patients survived 3 months. (8) However, patients with
type I HRS and those with bilirubin levels of 15 mg/dl
or higher as well as patients with a Child-Turcotte-Pugh
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score greater than 12 have a low response rate to TIPS
and a high mortality rate.

MARS: A new therapeutic option that could improve
renal function and prolong survival, especially in risk
patients to TIPS, can be found in the molecular adsor-
bent recirculating system (MARS). It represents a cell-
free liver dialysis technique and enables the selective
removal of albumin-bound substances using an albu-
min-enriched dialysate fluid. Significant improvements
for different biochemical and clinical parameters as well
as a 30-day prolongation of survival were reported. (40)
(s. p. 385)

Portacaval shunt: In some cases, the placement of a
portacaval shunt (side-to-side) resulted in the restora-
tion of normal renal function. (55, 56)

Liver transplantation: Where the hepatorenal syndrome
occurs, consideration should understandably be given to
liver transplantation in view of the increasing liver
insufficiency. (s. p. 387) With suitable cases, this inter-
vention proved to be efficacious. (12, 13, 22, 30, 35, 50) In
severe forms of HRS and with inadequate response to
conservative therapy, the indication for liver transplan-
tation should be reviewed without further delay. The
feasibility of surgical intervention will largely depend on
whether the phase of hepatic and renal insufficiency can
be bridged � with as favourable clinical findings as pos-
sible and perhaps supported by suitable invasive meas-
ures � until transplantation can be carried out. The
three-year and four-year survival rates were both given
as 65.7%. (22)

Support systems: Artificial renal and liver support sys-
tems may also be considered in order to bridge the period
of time until liver transplantation is performed. (1)
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18 Hepatopulmonary syndrome

� Recognition of a hepatopulmonary syndrome goes back over
one hundred years (1884) to the detection of the triad: cyanosis,
clubbed fingers and liver cirrhosis. (18). The same constellation
of findings was described by A. Gilbert et al. in 1895 in juvenile
patients suffering from hypertrophic biliary cirrhosis. • Reports
on hypertrophic osteoarthropathy were published by A. A. Hij-

mans van den Bergh in 1901. • A. M. Snell detected hypoxaemia
in chronic liver patients for the first time in 1935. (49) A right
shift of the dissociation curve of oxyhaemoglobin was ascer-
tained by A. Keys et al. in 1938. In the course of acute pro-
gressive liver failure, R. Rydell et al. (1956) also observed hypox-
aemia; at autopsy, this patient showed intrapulmonary
arteriovenous shunts. (43) Since then, there have been many
reports on the detection of arteriovenous anastomoses in the
lungs (further details in references 6, 7, 25). These arteriovenous
shunts had already been attributed to vasoactive substances.
The development of clubbed fingers was deemed to be the result
of arteriovenous anastomoses in the tips of the fingers and the
impact of reduced ferritin. (35, 50) • The term hepatopulmonary
syndrome was used by T. C. Kennedy et al. (1977) and likewise by
L. S. Erikson et al. (1989) to describe the correlation between
hypoxaemia and liver cirrhosis.

1 Definition

The hepatopulmonary syndrome (HPS) is defined as
a disorder in pulmonary gas exchange (� mismatch
of ventilation and perfusion) due to intrapulmonary
vasodilations (� reduction of pulmonary vascular
resistance) in cases of chronic liver disease or acute
liver failure. • Other criteria must also be met: (1.)
ruling out of underlying pulmonary or cardiac dis-
ease, (2.) increase in the alveolar-capillary oxygen
gradient (> 20 mm Hg) without or with hypoxaemia
(< 70 mm Hg partial oxygen tension), with a clear
drop of the O2 value when changing from the supine
to the upright body position, and (3.) detection of
intrapulmonary vasodilations and/or a.-v. shunts.

2 Epidemiology

Hypoxaemia (paO2 < 70 mm Hg) is observed in
45�69% of patients suffering from cirrhosis or liver
insufficiency. Only rarely has severe hypoxaemia been
demonstrated (paO2 < 50 mm Hg). (6, 32, 51, 52, 56) •
Intrapulmonary vasodilations could be ascertained in
13�47% of liver transplant candidates. (27) In about
50% of all cirrhotic patients, a decline in the diffusion
capacity for carbon monoxide was detected. (24) About
30% of cirrhotic patients showed no (physiological)
reduction in pulmonary vasoconstriction under condi-
tions of hypoxia. The prevalence of HPS in cirrhotic
patients varies between 4% and 19%. It occurs more
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frequently in patients with cirrhosis than with extra-
hepatic portal venous obstruction. (21, 45)

3 Causes and pathogenesis

In theory, there are three causes for the occurrence of
HPS (since hypoventilation is not deemed a possible
cause): (1.) arteriovenous shunts, (2.) disturbed alveolo-
capillary oxygen diffusion in terms of impaired dif-
fusion-perfusion, and (3.) mismatches between ventila-
tion and perfusion. Consequently, there are numerous
liver diseases which are associated with HPS. Transient
HPS in acute viral hepatitis A and B has recently been
reported. (17, 38) (s. tab. 18.1)

α1-antitrypsin deficiency Liver cirrhosis
Biliary atresia Nodular regenerative
Budd-Chiari syndrome (13) hyperplasia (9)
Chronic active hepatitis Peliosis hepatis (8)
Chronic hepatic allograft Postsurgical shunt (22)

rejection Primary biliary cirrhosis
Congenital cystic fibrosis (20) Schistosomiasis
Fulminant liver failure (55) Tyrosinaemia
Inf. vena cava obstruction (12) Wilson’s disease

Tab. 18.1: Liver diseases associated with hepatopulmonary syn-
drome. • Portal hypertension is considered to be an essential factor
in the pathogenesis of HPS (with some references)

The existence of portal hypertension is probably the de-
cisive factor in the development of HPS. The patho-
physiological principles of HPS and the change in
haemodynamics in cirrhotic patients have been presented
as a review. (6) A marked pulmonary vasodilation due to
vasodilative substances is deemed to be the essential
causative factor of HPS (K.R. Reismann, 1956).

3.1 Vasodilation

Endotoxin is capable of inducing nitric oxide synthe-
tases in the vascular endothelia of the liver and lung.
Nitric oxide (NO) is a powerful vasodilator (through
activation of guanylate cyclase) and is identical to the
endothelium-derived relaxing factor (EDRF). An in-
crease in NO in the vascular endothelia of cirrhotic
patients is deemed to be one of the causative factors in
the development of a hyperdynamic circulatory condi-
tion (� lower peripheral resistance), yet also of hepato-
pulmonary syndrome (� lower pulmonary vascular
resistance). NO concentration is increased in the expired
air of patients with HPS. (11, 53) Animal experiments
likewise suggested endothelial nitric oxide synthetase as
being another causative factor. (16) In the same way, ele-
vated values of glucagon, histamine, VIP, prostacyclin,
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Fig. 18.1: Possible mechanisms in the
pathogenesis of hepatopulmonary syn-
drome (according to M. Wettstein et al.,
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calcitonin, substance P, atrial natriuretic factor and
platelet-activating factor are considered to be vasodila-
tors in the pulmonary vascular system. • Animal models
of HPS showed that an increase of ET-1 production in
the liver correlates with both pulmonary nitric oxide
synthase levels and pulmonary dysfunction. (33, 57) In
patients with liver cirrhosis, a markedly increased serum
value of the vasoconstrictor ET-1 was demonstrated.
Therefore it may be assumed that pronounced endo-
thelinaemia leads to a modulation of NO production,
which results in extensive intrapulmonary vasodilation.
• In cirrhotic patients, a decrease in the pulmonary vascu-
lar resistance with formation of intrapulmonary shunts
occurs more frequently than pulmonary hypertension; the
reason for these very different modes of reaction is
unknown.

3.2 Shunt formations

The assumption that a.-v. shunts play a causative role
in HPS is founded on (1.) the presence of very small
intrapulmonary a.-v. shunts in the lung parenchyma and
on the pleura (� pleural spider naevi) at autopsy (7), (2.)
dilation of the capillary and precapillary intrapulmon-
ary vessels, particularly in the basal lung region, and (as
a very rare finding) (3.) isolated links detected between
the branches of the portal vein and the pulmonary ves-
sels. • These a.-v. anastomoses are mainly functional
shunts. They are found in about 50% of cirrhotic
patients. Given a normal width of the lung capillaries
(8�15 µm), precapillary vascular dilations can attain a
diameter of 15�150 (�500) µm. This is reversible. HPS
(probably only type 1) can therefore completely recede
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after liver transplantation � analogous to the hepato-
renal syndrome. It remains uncertain, however, whether
the vascular changes imply dilated capillaries or opened
a.-v. anastomoses. • Anatomic shunts, which may be
intrapulmonary and portopulmonary as well as pleural,
are rare. In terms of haemodynamics, they have no note-
worthy effect. (9, 25, 26, 32, 42, 54, 55) (s. fig. 18.1)

3.3 Impairment in diffusion and perfusion

The pathogenesis of HPS has not yet been fully clarified.
Presumably, however, substances with vasodilator activ-
ity can bypass the liver through collateral vessels, thus
effecting vasodilation of the pulmonary vessels. There is
oxygen desaturation of the erythrocytes flowing centrally
through the dilated vessels (� increased distance from
vessel wall to vessel centre). Moreover, insufficient oxy-
gen saturation of the erythrocytes is induced by a hyper-
dynamic circulatory state (� reduced blood-oxygen con-
tact time) � giving rise to a diffusion-perfusion defect. As
a result, inadequately oxygenated or non-arterialized
blood reaches the pulmonary veins, leading to hypox-
aemia. (4, 24, 52, 56) (s. fig. 18.1)

3.4 Ventilation-perfusion distribution disorder

In poorly ventilated lung areas, perfusion is diminished
(� von Euler-Liljestrand reflex). This reflex is impaired
in liver cirrhosis. The decrease in or loss of hypoxia-
induced pulmonary vasoconstriction leads to the greater
perfusion of poorly ventilated lung areas; this results in
an increase in the intrapulmonary shunt volume and
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thus in a ventilation-perfusion distribution disorder
with hypoxaemia. (4, 15, 24, 32, 52, 54, 56) (s. fig. 18.1)

A particular pathophysiological finding with HPS is
a right shift of the oxyhaemoglobin dissociation curve.
The cause of this diminished affinity of haemoglobin
for oxygen is assumed to be the greater concentration
of 2,3-diphosphoglycerate found in erythrocytes. This
results in arterial hypoxaemia.

4 Clinical aspects

In most HPS patients, pulmonary discomfort or find-
ings generally remain absent for a long period of
time; the paO2 is still within the normal range (> 80
mm Hg). Some patients, however, display dyspnoea at
an early stage.

HPS becomes manifest 3�7 years after the development
of portacaval and/or splenorenal collateral vessels. In an
advanced, more or less rapidly progressing course of
disease, cyanosis (19) develops with even more pro-
nounced hypoxaemia (paO2 < 70 mm Hg). Both hypox-
aemia and dyspnoea generally worsen in an upright
position (see below) due to increased cardiac output
with shortened pulmonary transit time. Patients with
distinct spider naevi show noticeably more severe pulmo-
nary disorders than those where this skin stigma of liver
disease is absent or only developed to a minor degree.
Frequently, signs of respiratory alkalosis due to hyper-
ventilation can be found. There is a decreased diffusing
capacity for CO2. • Some 85�90% of HPS patients
show platypnoea (� clear improvement of dyspnoea
when the body position is changed from the vertical to
the horizontal) and/or orthodeoxia (� decrease in paO2

of > 3 mm Hg upon assuming an upright body posi-
tion); it is usually accompanied by aggravated dyspnoea.
(40) Orthodeoxia can be diagnosed by blood gas analysis
or pulse oximetry in the recumbent and standing posi-
tion. The cause of platypnoea and orthodeoxia is the
reinforced perfusion of the dilated pulmonary vessels in
the poorly ventilated basal lung areas in an upright
body position. This leads to an increased shunt volume
and hence to a deterioration of the ventilation-perfusion
disorder. Hour-glass nails and drumstick fingers are fre-
quently observed. (s. fig. 4.18) • There might even be a
connection with the formation of oesophageal varices.
(10) • Patients with functional shunts and impaired diffu-
sion and perfusion present significantly better values
regarding the arterial O2 partial pressure upon inspira-
tion of 100% O2 ; patients with anatomic shunts show no
improvement. • Tachycardia, higher cardiac output and
lower values of mean arterial pressure and peripheral
vascular resistance point to a hyperdynamic circulatory
condition. There is always a risk of bacterial infection
with a corresponding deterioration in prognosis. (4, 6, 9,
21, 28, 45)
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The chest radiograph usually shows reinforced basal,
interstitial vascular markings (bilateral, basilar, nodular
or reticulonodular opacities). (36) • Spirography yields
normal volumes and expiratory resistance. The detec-
tion of intrapulmonary shunts (23, 26, 54) is effected by
scintigraphy (99mTc-labelled macro-aggregated albumin);
tracer particles with a diameter of 20�60 µm are not
retained in the lung capillaries, but are directly passed
on through shunts and pulmonary vasodilations to the
brain, liver, kidney and other organs. (2, 27) By means
of contrast-medium echocardiography (generally using
oxypolygelatine solution), it is also possible to identify
intrapulmonary shunts. This procedure is deemed to be
the screening method for the diagnosis of HPS, prior
to the occurrence of alterations in blood gas. (3, 4, 27)
Angiography produces normal or reduced pressure
values in the pulmonary artery, diminished pulmonary
vascular resistance and increased cardiac output; a net-
like dilated vascular system is visible. • The ventilation-
perfusion status in the lung can be defined exactly by
means of the multiple inert gas elimination technique
(MIGET). At the same time, it is possible to differenti-
ate between intrapulmonary shunts and vasodilations.

One can differentiate between two distinct patterns of
HPS, whereby type 2 is only very rarely detectable:

Type 1: By means of angiography, minor to pronounced
vasodilations of speckled or sponge-like appearance
may be demonstrated. Additionally, spider-like vascular
ramifications are identifiable. Depending on the extent
of the vasodilations, marked or only slight improvement
in hypoxaemia may be observed in patients following
administration of 100% oxygen. Liver transplantation is
the most successful therapeutic approach in the treat-
ment of type 1. With a good response to the administra-
tion of 100% oxygen, regression of HPS is to be
expected after OLT.

Type 2: As a rule, only slight vascular changes resem-
bling a.-v. shunts or vascular malformations are iden-
tified by means of angiography. No hypervascular-
ization is found. There is no significant improvement in
hypoxaemia following administration of 100% oxygen.
Liver transplantation generally turns out to be unsuc-
cessful regarding HPS. • In the individual case, embol-
ization may be indicated.

5 Hypertrophic osteoarthropathy

Hypertrophic osteoarthropathy (hour-glass nails, club-
bed fingers) (s. fig. 4.18), which has been known since
1884, is not caused by hypoxia, as has been assumed up
to now. (18) The cause is to be found in the intrapulmon-
ary arteriovenous shunts: from the venous limb of the
pulmonary vessels, megakaryocytes and thrombocyte
aggregates pass directly through the shunts into the
arterial limb and hence (unfiltered, uncatabolized or not
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inactivated) into the circulation. These (and possibly
also other) substances are deposited in the acra; they
effect the release of the platelet-derived growth factor.
The PDGF induces nail bed oedema (� hour-glass
nails) and an increase in collagen synthesis by activating
the fibroblasts (� drumstick fingers). (14, 19, 50)

6 Therapy

Up to now, there is no satisfactory drug therapy for
HPS available. Spontaneous improvement of HPS after
recovery from an underlying liver disease has been
reported. Often HPS has deteriorated despite stable
liver function. Improvements in HPS with the help of
various substances, for which a certain therapeutic effect
was considered plausible, were only achieved in individ-
ual cases and for just a limited time. (4, 28, 45)

� By administering 100% oxygen (as long-term oxygen
therapy), a higher and nearly normal partial oxygen
pressure can be achieved in the dilated pulmonary ves-
sels (albeit only in some of the patients and just tempor-
arily). • Intravenous application of prostaglandin F2a has
produced some improvement in hypoxaemia. (48) With
the help of antibiotic therapy, which led to a reduction
in bacterial endotoxins in the intestines, it was possible
to improve the arterial hypoxaemia considerably. (5)
Indomethacin has likewise been effective. (48) By admin-
istering allium sativum (garlic) for a period of several
months, a significant improvement in arterial O2 satura-
tion could be achieved. (1) Only isolated cases involving
treatment with methylene blue (� inhibitor of NO-
related guanylate cyclase) have been reported. (41, 44) In
HPS due to multifocular nodular hyperplasia, glucocor-
ticoids and cyclophosphamides have been successful. (9)
Somatostatin antagonist, NO antagonist and almitrine bi-
mesylate have proved ineffective.

� Implantation of a TIPS has brought about a clear im-
provement in cases of hypoxaemia, probably due to a
decrease in endotoxinaemia and the resulting reduction
in the formation of nitric oxide. There was a rise in pul-
monary perfusion together with a marked decrease in
pulmonary vascular resistance. Consequently, placement
of a TIPS would serve to bridge the period of time until a
liver transplantation can be carried out. (4, 31, 39, 47)

� Liver transplantation: Like hepatorenal syndrome (s.
p. 330), HPS (probably only type 1) is, in principle,
reversible after transplantation of the liver. The post-
operative prognosis depends on the severity of hypox-
aemia prior to transplantation (postoperative lethality
is < 5% if preoperative hypoxaemia is > 50 mm Hg). An
increase in arterial pO2 when the patient is inhaling
100% O2 in a horizontal position is a good prognostic
sign for transplantation. It was possible to demonstrate
improvement and normalization regarding arterial
blood gas values and intrapulmonary shunt volumes as
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well as restoration of the responsive capacity of the von
Euler-Liljestrand reflex. HPS may prove reversible
within a few days of liver transplantation. However,
other studies have shown that the process of recovery
can last much longer (2�18 months). (15, 29�31, 34, 46)
• Embolization may be indicated in the individual case
of a.v. fistulas. (28, 37)

7 Portopulmonary hypertension

This clinical picture was described for the first time in
1951 by F. Mantz et al. (65) and confirmed in 1983 by P.J.
McDonnell et al. • Portopulmonary hypertension (PPH)
is defined as a secondary form of pulmonary hyperten-
sion with portal hypertension. Frequency in patients
with cirrhosis is given as 2�4%, in patients in an
advanced stage of cirrhosis (e. g. presenting for liver
transplantation) as 5�10% of cases. (s. pp 258, 735)

7.1 Definition, morphology and diagnosis

Definition: Characteristic criteria of PPH include (1.)
elevated pulmonary artery pressure (> 25 mm Hg), (2.)
increased pulmonary vascular resistance (> 120 dyne/
sec/cm�5), and (3.) normal pulmonary capillary wedge
pressure (< 15 mm Hg). An elevated transpulmonary
gradient (mean pulmonary artery pressure/pulmonary
capillary wedge pressure � > 10 mm Hg) is likewise used
as a diagnostic criterion. (62, 70) • The presence of portal
hypertension is considered as a prerequisite for the devel-
opment of PPH.

� The main difference between PPH and HPS is to be
seen in the fact that the latter reveals an impaired gas
exchange with hypoxaemia and a reduction in pulmon-
ary vascular resistance due to vasodilation. The coexist-
ence of these two pathological conditions (vasodilation
on the one hand and vasoconstriction on the other hand)
has recently become documented more often. Any ill-
nesses which lead to pulmonary hypertension must be
ruled out as part of the differential diagnosis.

Morphology: PPH is characterized by anatomically
fixed pulmonary vasoconstriction. Vascular changes are
brought about by (1.) vasoconstriction, (2.) structural
remodelling of the pulmonary arteries (intimal fibroela-
stosis, hyperplasia of the media), and (3.) formation of
microthrombi. In the further course, there is a prolifer-
ation of capillaries, followed by angioma-like changes
with fibrinoid necroses of the arterial wall (� plexogenic
arteriopathy). These findings are disseminated unevenly
throughout the lungs. Thus the histological changes of
PPH are similar to those of primary pulmonary hyper-
tension. (68) • Remarkably, the combined occurrence of
the primary antiphospholipid syndrome and PPH with
the presence of anticardiolipin antibodies and micro-
thrombi was observed. (58)
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Diagnosis: Clinical symptoms of PPH can appear
approximately 5 years after the diagnosis of portal
hypertension. At the beginning, patients have no com-
plaints regarding PPH. In the further course, however,
effort dyspnoea, syncope and chest pains may occur.
Occasionally, haemoptysis is observed. Additional find-
ings include a loud P2 heart sound, prominent central
pulmonary arteries on the chest roentgenogram and
changes on ECG (right ventricular hypertrophy, right
axis deviation, right bundle branch block). • An initial
diagnosis can be made using Doppler echocardiography.
This proved to be an excellent screening test for identi-
fying all patients with PPH before they presented for
liver transplantation. (59) Respiratory alkalosis on room
air arterial blood gas can be used as an adjunctive
screening test, whereby exaggerated values are indicative
of PPH. (63) Diagnosis is established using right heart
catheterization, which is considered as the “gold stand-
ard”. (s. fig. 35.15)

7.2 Endothelin and ET-receptor antagonist

Endothelin-1 was first isolated in 1988 by M. Yanagisawa

et al. from endothelial cells as a peptide comprising 21
amino acids linked through two sulphide bridges. In
1989 the same team discovered two further isoforms,
endothelin-2 and endothelin-3, also in endothelial cells
and smooth muscle cells. These endothelins closely
resemble the cardiotoxic poison, sarafotoxin, a potent
vasoconstrictor toxin found in the Israeli mole viper.
Endothelin-1 (ET) is the most important isoform in
humans. The two ET receptors, ETA and ETB, can be
detected on smooth muscle cells, in especially high
densities in the pulmonary and coronary vessels, and
produce intense vasoconstriction (T. Sakurai et al., 1992).
ETB receptors can likewise be found in large numbers
on endothelial cells. Activated under normal physiologi-
cal conditions, they stimulate the release of vasodilatory
substances (e. g. NO, prostacycline). Vasoconstriction is
predominant under pathological conditions. Some
results have shown that ETB receptors are upregulated
in certain diseases, such as liver cirrhosis. (71). ET has a
low plasma concentration and a short half-life of 4�7
minutes. It therefore acts as a local hormone rather than
a circulating endocrine hormone. Apart from immedi-
ately producing vasoconstriction (ET is one of the
strongest and slowest-acting endogenous vasoconstric-
tors), it stimulates numerous medium and long-term
pathophysiological effects. (66) (s. tab. 18.2)

Bosentan was first described as an ETA/ETB receptor
antagonist by S.M. Gardiner et al. in 1994. These two
receptors are features of the intense vasoconstrictory as
well as the proliferative and profibrotic effects of ET.
Pharmacological characterization was carried out in
1994 by M. Clozel et al. and in 1999 by S. Roux et al.

The effects of bosentan have since been confirmed in
numerous studies, and this substance was approved for
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use in the treatment of pulmonary arterial hypertension
(WHO classes III and IV) in 2001. (67) • This dual ET
receptor antagonist shows a number of important
properties. (s. tab. 18.3)

Acute effects � vasoconstriction
� inflammation
� volume retention
� platelet aggregation
� stimulation of RAAS
� stimulation of sympathetic nervous system

Chronic effects � fibrosis
� cell proliferation
� neuroendocrine activation
� mitogenic effects
� stimulation of growth factors

Tab. 18.2: Biological effects of endothelin

Reduction in vascular resistance
Antihypertrophic effects
Antifibrotic effects
Antiinflammatory effects
Buffering of other neurohormonal systems

Tab. 18.3: Main properties of bosentan

7.3 Prognosis and therapy

Prognosis: Prognosis is poor. The patients die of liver
insufficiency or right heart failure as well as from vari-
ous infectious diseases. The mean survival period after
diagnosis was 15 months, with a 6-month mortality of
50%.

Therapy: Up to now, no effective therapy is known. •
Inhaled nitric oxide as a specific pulmonary vasodilator
may be useful perioperatively with regard to liver trans-
plantation. In several studies, the use of nitric oxide as
well as calcium channel blockers only proved successful
in single cases and then just for a short time. • Epopros-
tenol is a potent vasodilator with a short half-life (3�5
min), so that a permanent supply is required; this is
made possible with the help of an indwelling i.v. catheter
attached to a continuous pump. (61) A significant
reduction in pulmonary hypertension could be achieved
following a 5-month period of application (8 ng/kg BW/
min). (60) Further studies have also shown an improve-
ment in haemodynamics and exercise tolerance as well
as prolonged survival in patients with PPH. (62, 63) It
was also shown that long-term administration of epop-
rostenol led to a remodelling of the right ventricle. • The
newly developed endothelin-receptor antagonist bosen-
tan has proved successful in the treatment of arterial
pulmonary hypertension. (67) As a last resort, a combi-
nation of bosentan and epoprostenol (or other pro-
stanoids) can also be recommended. As yet, there have
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only been isolated cases involving the use of bosentan
in PPH. • In the meantime, PPH is no longer considered
to be an absolute contraindication for liver transplan-
tation. The indication is given in cases involving a mild
or moderate course of the disease. (64, 69) A well-func-
tioning right ventricle is a prerequisite for liver trans-
plantation.
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19 Coagulopathy and haemorrhage

The leakage of blood from the blood vessels is
referred to as haemorrhage. Its causes include: (1.)
increased permeability of the vascular walls, (2.)
pathological blood vessel condition, and (3.) injury
to a blood vessel. • Generally, a haemorrhage may
become considerably more severe in the presence of
coagulopathy, i. e. clotting disorder. It is also quite
possible for a coagulation defect to arise as a separate
disorder even without existing tissue damage.

1 Coagulopathy

1.1 Forms of haemostasis

By means of the complex process of haemostasis, the
organism seeks to protect itself spontaneously against
bleeding and the corresponding loss of blood. • Three
components are available to this end: (1.) blood vessels
themselves (� vascular haemostasis), (2.) platelets and
endothelial cells (� cellular haemostasis), and (3.)
blood-clotting factors (� plasmic blood coagulation).

1. Vascular haemostasis comprises reflex contractions of the arter-
ies, reinforced by the release of vasoconstrictor substances from
the vessel walls (e. g. catecholamines, serotonin, thromboxane A2).

2. The cellular phase of the arrest of bleeding commences as so-
called primary haemostasis, during the course of which thrombo-
cytes, with the aid of von Willebrand’s factor, adhere to collagen
fragments released from the injured vascular endothelium. The dis-
charge of various factors from the thrombocytes then ensues. The
prostaglandin-thromboxane system is directly involved in the sub-
sequent aggregation of thrombocytes.

3. Plasmic coagulation is effected by a system of 15 coagulation
factors. (s. p. 104) (s. tab. 5.12) So-called secondary haemostasis
begins with the progressive activation of the plasmic coagulation
system. All the coagulation factors involved are proteins and for
the most part enzymatic. They are normally present in the plasma
in their inactive form, and with the initiation of plasmic coagu-
lation, they become successively activated. The clotting process (�
coagulation) has the function of converting soluble fibrinogen into
stable, insoluble fibrin. Procoagulation and anticoagulation factors
regulate the process of coagulation.

Exogenous activation is initiated by tissue thromboplastin (� tissue
factor) and the activated form of factor XII in the plasma. This
complex is enlarged by ionic calcium and platelet factor 3. As a
result, the activation of factors IX to IXa and X to Xa is triggered,
thus forming a cross-connection between the endogenous and the
exogenous system. (s. fig. 19.1)

Endogenous coagulation commences with the activation of factor
XII. Factor XIIa then catalyzes the conversion of prokallikrein to
kallikrein, plasminogen to plasmin and factor XI to XIa. The pres-
ence of factor XV is necessary for the activation of IX to IXa.
This creates a complex comprising IXa, VIIIa, calcium and phos-
pholipids, which then activates factor X to Xa. (s. fig. 19.1)
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Depending on the causative mechanism, either the exogenous or
the endogenous coagulation system is activated. These progress
differently until the activation of factor X, which then allows both
pathways to merge into a common final phase of coagulation. •
At this point, the activation of prothrombin II to thrombin by the
Xa/Va/calcium/phospholipid complex represents the final step of
both coagulation cascades. The prothrombin complex (factors II,
VII, IX and X) does not exist as such � it refers to various pro-
teins, the synthesis of which depends on vitamin K. Soluble
fibrinogen (I) is converted with the aid of thrombin into insoluble
fibrin, which infiltrates and thereby solidifies the thrombocytic
embolus. Thrombin simultaneously activates factor XIII to XIIIa
and protein C to protein Ca. The fibrin network is further
strengthened by factor XIIIa. The most effective inhibitors of co-
agulation are antithrombin III, α2-macroglobulin, C1-inactivator
and protein Ca as well as fibrinogen-fibrin degradation products.

1.2 Fibrinolysis

The minor coagulation processes constantly taking place
in the vascular system (whereby fibrin is deposited) are
counteracted by simultaneous fibrinolysis. Coagulation
and fibrinolysis are thus in continuous dynamic balance.
Plasminogen is converted to plasmin by activators such
as urokinase PA (isolated from urine) and tissue PA (iso-
lated from tissue). The effect of tissue PA is strongly
enhanced by the presence of fibrin. Fibrinolysis is stimu-
lated by protein C, while plasmin activity is maintained in
balance by inhibitors (e. g. α2-antiplasmin, α2-macroglo-
bulin). (s. fig. 19.1)

1.3 Vasopathies

Vasopathies may arise from direct injuries to the vessel
wall, but also from pathological changes in the vessel
wall or in the endothelium. It can be expected that vaso-
pathies will occur or become more severe during the
course of various liver diseases or with concomitant
coagulopathy.

The most common congenital vasopathy is the Osler-Rendu-Weber
disease (haemorrhagic telangiectasia). It is an autosomally
inherited structural defect of the blood vessels with accompanying
decrease in muscular and elastic fibres in the capillaries and
venules. Multiple telangiectases are most frequently found in the
upper body and in the mucous membranes. Severe bleeding may
occur from the nasal and pharyngeal passages as well as from the
gastrointestinal tract.

The most important acquired vasopathy is the Schoenlein-Henoch
disease (anaphylactoid purpura) due to toxic or allergic inflamma-
tory blood-vessel damage accompanied by immunological reac-
tions. Bleeding may be present in the skin, in the form of petechiae
or ecchymoses, or in the gastrointestinal mucosa.

1.4 Thrombocytopathies

Thrombocytopathies may arise in the course of a liver
disease and during the measures taken to treat it as well
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Fig. 19.1: Exogenous and endog-
enous plasmic coagulation
cascade (with inhibition by
antithrombin III and protein
Ca) and the fibrinolysis pathway
through plasminogen-plasmin.
Proteolytic plasmin principally
hydrolyzes the cross-linked
fibrin clot into high molecular
weight fragments and D frag-
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ment dimers (s. tab. 5.12)

as from complications. This can lead to serious disturb-
ances in haemostasis. Thrombocytic bleeding is typically
observed as punctate or petechial haemorrhaging in
mechanically stressed skin areas as well as in mucous
membranes. Ecchymosis is found less frequently. • A
leftward shift in the differential blood count may indi-
cate thrombocytopathy.

1. Thrombocytopenia may be caused by various metabolic disturb-
ances: (1.) synthesis disorders (e. g. medicaments, alcohol, folic acid
deficiency), (2.) replacement disorders (e. g. immunologically
derived degradation, consumption coagulopathy, loss of blood),
and (3.) distribution disorders (e. g. increased sequestration in the
enlarged spleen, involving up to 90% of the thrombocytes).

2. Thrombocytosis is a (generally temporary) rise in the thrombo-
cyte count. Thromboembolic complications may arise. This dis-
order occurs in hepatocellular carcinoma, for example, following
splenectomy or portosystemic anastomosis as well as after haem-
orrhage or cortisone therapy.

3. Thrombocyte dysfunction frequently emerges in the course of
liver diseases and their complications, especially in the case of
coagulation disorders and elevated fibrinolysis. Thus a decrease in
both thrombocyte aggregation and the release of platelet factor 3
may occasionally be witnessed in cirrhosis. In most cases, this is
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caused by medication (acetylsalicylic acid, non-steroidal antirheu-
matic agents, dextran, antibiotics, etc.).

1.5 Plasmic coagulation disorders

Defects in liver function are of fundamental significance
to the haemostatic system: (1.) almost all coagulation
and fibrinolytic factors are synthesized in the liver; (2.)
numerous pro- and anticoagulation factors must be
metabolically converted into their functionally active
forms in the liver, and (3.) various plasmic coagulation
and fibrinolytic factors are removed from the blood-
stream by clearance mechanisms in the liver. Conse-
quently, liver diseases can disrupt the haemostatic sys-
tem at various stages of coagulation or fibrinolysis and
with varying degrees of intensity. In this situation, it
is the severity of the liver disease which is of decisive
importance rather than its acute or chronic character
or its aetiology (with the possible exception of liver
carcinoma). Appropriate diagnostic tests are: thrombo-
cyte count, Quick’s value and AT III. Plasmic coagu-
lation defects in liver disease are derived from acquired
disorders in the synthesis of coagulation factors or from
their accelerated breakdown. (1, 3, 5, 6, 10, 13�16)
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In liver disease, procoagulation and anticoagulation
factors are generally decreased to the same extent, so
that haemostasis is kept in balance, albeit at a patho-
logical level. Thus the clinical significance of haemo-
static changes may be less serious than laboratory
findings would seem to indicate. This pathological
“equilibrium” is, however, extremely vulnerable and
may be quickly destroyed by diagnostic or invasive
procedures as well as by biochemical or toxic effects.

1.5.1 Synthesis disorders

The synthesis of almost all coagulation factors takes
place in the liver. In liver disease, several factors,
especially the vitamin K-dependent factors II, VII, IX
and X, are affected differently, depending on the severity
of the illness. Synthesis of non-functional coagulation
factors, particularly fibrinogen (dysfibrinogenaemia),
may also occur. Defects in factor activity become clinic-
ally manifest quite rapidly due to their short plasma
half-lives. (s. tab. 5.12) This is where Quick’s value, the
Colombi index and the AT III value, among others, play
their part as accepted clinical parameters of impaired
liver function. (s. p. 105) A decrease in fibrinogen is
observed only in severe liver damage, in consumptive
disease processes or in consumption coagulopathy. Plas-
minogen and factors XI, XII and XIII are likewise
reduced in cases of severe loss of liver function.

1.5.2 Clearance function disorders

The liver has the unique ability to differentiate between
inactive and active coagulation factors and to remove
the latter, along with plasminogen activators, from the
bloodstream. Cirrhosis greatly interferes with the clear-
ance of t-PA. The fibrinogen-fibrin degradation prod-
ucts, which act as thrombin inhibitors, are likewise elim-
inated by a healthy liver. In severe liver disease,
obstructive gall-bladder disorders, cholestasis or biliary
cirrhosis, the clearance function of the liver (s. p. 65) as
well as the elimination of coagulation factors (especially
factor XIII) and fibrin degradation products can be ser-
iously impaired. This disrupts the haemostasis system,
and fibrinolysis increases.

1.5.3 Increase in consumption

An increased consumption of coagulation factors is
found in extensive disseminated intravascular coagu-
lopathy. Secondary hyperfibrinolysis evolves. Simultan-
eous activation of the coagulation cascade or fibrino-
lysis system leads to the consumption of coagulation
factors as well as inhibitors.

� Haemostatic disturbances result in hypocoagulopathy
with a bleeding tendency (� haemorrhagic diathesis)
seen as manifest haemorrhage or in hypercoagulopathy
with a tendency to thrombosis (� thrombophilia) seen as
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manifest thrombosis. An imbalance in the physiological
equilibrium of the procoagulation and anticoagulation
factors of the coagulation and fibrinolytic systems is
invariably present.

1.6 Consumptive coagulopathy
1.6.1 Definition

Disseminated intravascular coagulopathy (DIC) is
due to enhanced formation of thrombi following an
activation disorder in either the extrinsic or intrinsic
coagulation cascades. Fibrin clots form in the small
blood vessels and capillaries. In response, fibrinolysis
increases, thus allowing large amounts of fibrin
degradation products to reach the bloodstream. In
the case of highly activated coagulation, platelets and
coagulation factors are consumed in such large
amounts that they cannot be adequately replaced. •
DIC may develop into consumptive coagulopathy.

Aetiology: This coagulation disorder may occur in the
course of a variety of diseases and clinical conditions.
Aetiopathological possibilities include infections, toxins,
endotoxins, dehydration, acidosis, antigen-antibody
complexes or stasis of the blood flow as well as the
tumour necrosis factor.

� Disseminated intravascular coagulopathy does not present a
clinical picture in its own right, but constitutes a severe patholog-
ical manifestation of an altered haemostasis system. Blood vessels,
thrombocytes and endothelial cells, the coagulation system,
fibrinolysis, inhibitors and activators as well as the kallikrein-kini-
nogen system are all involved in this disorder. The haemostasis
system is activated either exogenously by the release of tissue
thromboplastin and its homologues or endogenously by direct pro-
teolysis of one or several procoagulants. (1, 3, 6, 7, 14�15)

1.6.2 Clinical aspects

Clinical aspects and laboratory findings vary widely not
only from patient to patient, but also during the course
of DIC. Depending on the extent to which the coagu-
lation system is activated, either an acute or chronic
form develops. Furthermore, DIC may occur merely as
an additional complication in an existing illness, with-
out necessarily having serious consequences � or it may
culminate in a life-threatening condition.

In the initial stage of DIC, the haemostasis system is
activated via the exogenous and/or endogenous cascade.
This stage is characterized by a state of hypercoagu-
lability. There is consumption of thrombocytes and
coagulation factors as well as of procoagulants and
anticoagulants, with simultaneous intravascular release
of thrombin. The fibrinolysis system undergoes second-
ary activation. (s. fig. 19.2) (s. tabs. 5.12, 5.13)
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Fig. 19.2: Schematic course of consumptive coagulopathy

In the second stage, the intravascularly released throm-
bin begins to have an effect at various points in the
pathological process. Thus (1.) fibrinogen and fibrin are
converted into degradation products, (2.) factor XIII is
activated, (3.) factors V and VIII are altered to more
highly active forms with a fall in factor VIIIc, and (4.)
aggregation of thrombin and thrombocytes occurs. The
amount of monomeric fibrin rises, while the clearance
capacity of the RES becomes progressively strained at
the same time. Fibrin D fragments increase, as do fibrin-
fibrinogen X, Y and E fragments. The monomers disin-
tegrate into aggregates and, together with the thrombo-
cytes, begin to form microthrombi and fibrin clots in the
terminal vessels. Circulatory disorders arise with blood

Normal range Compensated /de-
compensated DIC

Thrombocytes 150,000�380,000 ����
Bleeding time 2�5 min ����

Quick’s value (% TPT) 70�120% �����
Fibrinogen (clottable) 1.8�3.5 g/l �����
Antithrombin III (AT III) 70�120% �����
Partial thromboplastin time (PTT) 28�40 sec ����
Plasma thrombin time (TT) 17�22 sec ����
Factor XIII 70�120% ����

Fibrin monomers (soluble) < 15 mg/l ����
(� hypercoagulability)

Fibrinogen degradation products (serum) < 1 mg/l ����
D-dimer 20�400 µg/l ����
(� hyperfibrinolysis)

Thrombin-antithrombin-III complex 1�4.1 µg/l ����
(TAT) (� chronic DIC)

Tab. 19.1: Haemostasis parameters showing the
normal range and corresponding changes in the
course of hepatogenic consumption coagulo-
pathy up to decompensation (s. tab. 5.12)
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stasis, hypoxia and acidosis. These result in endothelial
damage, involving cell destruction to the point of organ
failure. Further consumption of coagulation factors
leads to a state of hypocoagulability with a tendency
towards bleeding, which is dramatically intensified by
reactive hyperfibrinolysis and a growing AT III deficit �
a consequence of the irreversible binding to thrombin
as well as to factors IXa, Xa, XIa and XIIa. (2, 4, 5, 8,
10, 12, 13�16, 18�20) (s. fig. 19.2) (s. tab. 5.13)

Latent and compensated forms of consumptive coagulo-
pathy frequently occur in the course of severe acute or
chronic liver disease. In 80�85% of cirrhosis patients,
the values of at least one basic test (thrombocytes,
Quick’s value, fibrinogen, AT III, bleeding time) are
pathological. In 15�30% of cases, clinically relevant
haemorrhagic diathesis evolves.

It is often extremely difficult to draw up a differential
diagnosis in a short time in order to distinguish con-
sumptive coagulopathy from DIC; this is only possible
by implementing a closely woven series of laboratory
tests. Plasma thrombin time or reptilase time (in the
event of concurrent heparin therapy) are appropriate
parameters to determine the transition into reactive
hyperfibrinolysis. (s. tab. 19.1) The diagnosis is compli-
cated by the fact that laboratory values typical for dis-
seminated intravascular coagulopathy might also be due
to the reduced synthesis of blood-clotting factors. Like-
wise, evidence of fibrinogen-fibrin degradation products
is not necessarily conclusive, since the diminished clear-
ance capacity associated with the underlying liver mal-
function may often preclude an adequate elimination of
these substances. It may thus prove difficult in individual
cases to distinguish between a synthesis disorder and the
consumption of coagulation factors as possible causes of
haemorrhagic diathesis or haemorrhage.
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An evaluation of the dynamics of clotting disorders
or the development of DIC as well as the further
course of disease is only possible by monitoring the
changes in the various laboratory parameters. Fre-
quently repeated controls are far more important
than determining each and every variable. (s. tab.
19.1)

The threshold between an inactive and an active
coagulation system may be overcome abruptly at
times by small stimuli, and haemostasis can then
break down quite unexpectedly.

1.7 Therapy of haemostatic disorders

It is only possible to treat haemostatic disorders in
liver disease symptomatically. In most cases, therapy
also has to be adjusted to the individual patient. A
causative effect on the haemostatic disorder can only
be expected in the long term once liver function has
improved.

1.7.1 Prophylactic measures

Basic laboratory parameters concerning the haemostatic
status should exceed a minimum level before any diag-
nostic or therapeutic procedure is initiated. The follow-
ing values may be taken as a guideline (although in cer-
tain instances, some values may lie below those given):
thrombocytes > 80,000, Quick’s value > 40%, fibrinogen
> 1.5 g/l, AT III > 40%, normal bleeding time.

Prevention of haemorrhage is always of particular im-
portance. In view of the highly unstable nature of the
haemostasis system, which � even though still in equi-
librium � has a generally reduced factor level, the inser-
tion of catheters (e. g. stomach probe, urinary bladder)
is only carried out if particularly stringent indications
are given. (6) Likewise, the administration of any medi-
cation which might affect the haemostatic system (e. g.
acetylsalicylic acid, certain antibiotics, antihistamines,
antirheumatic agents, clofibrate, dextran, diuretics, glu-
cocorticoids, cardiac and psychotropic drugs, nitrofu-
rantoin and radiological contrast medium) should be
carefully evaluated. Even traces of acetylsalicylic acid,
which may be “hidden” in some medicaments, can
severely disrupt haemostasis and precipitate the collapse
of the painstakingly maintained equilibrium. Applica-
tion of H2-receptor antagonists or omeprazole may prove
to be a helpful preventive measure in controlling gastro-
intestinal haemorrhaging. Infection-limiting measures
can also serve to prevent haemorrhage. Intestinal cleans-
ing (purgation) using poorly absorbable antibiotics (e. g.
neomycin, paromomycin) and/or lactulose to suppress
gram-negative flora and diminish the danger from endo-
toxins is of vital importance. (s. pp 277, 278, 280)
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If no haemorrhagic diathesis is present or when no
invasive measures or techniques which might possibly
distress the patient are planned, coagulation disor-
ders generally require no treatment. The equilibrium
between haemostasis and fibrinolysis, which is based on
lower clotting factor levels, is indeed somewhat un-
stable, yet it does not normally lead to spontaneous
haemorrhaging.

Should substitution of haemostatic factors become
necessary prior or subsequent to invasive procedures,
fresh plasma is the agent of choice, since it contains not
only a balanced mixture of procoagulant and anticoagu-
lant factors, but also fibronectin, which serves to rein-
force RES clearance. However, relatively large quantities
of fresh plasma are required, and it is important that
individual volume limits are adhered to for haemody-
namic reasons. Preventive administration of vitamin K
(10 mg/week), subcutaneously injected if oral applica-
tion is considered inefficient or an intramuscular injec-
tion appears too risky, is recommended in the case of
suspected vitamin K deficiency. This measure can also
be used prior to treatment with cephalosporins, in par-
ticular β-lactam antibiotics, or if the intestinal flora is
affected.

1.7.2 Pharmacological therapy

The treatment of haemostasis disorders is indicated in
cases of acute liver failure or when a necrotic episode
occurs during the course of cirrhosis, even if no haemor-
rhagic complications have been observed. There are two
reasons for this: (1.) an elevated risk of haemorrhage
must be anticipated in the event of acute liver dysfunc-
tion and (2.) extensive liver necrosis leads to the release
of thromboplastic compounds, accompanied by a de-
terioration in the microcirculation and additional
haemostatic disturbances. In this situation, an early and
optimized correction of the coagulation and fibrinolysis
parameters is thus essential. (1, 9�11, 13, 17) (s. tab. 19.2)

� Haemorrhage-related lethality of 20�30% (and
more) has to be expected in the event that acute liver
failure leads to acute haemostasis disorders. The follow-
ing courses of treatment are recommended:

(1.) Fresh frozen plasma (FFP)*: 250 ml at six-hour
intervals (10�20 ml/kg BW � 1,000�1,500 ml/day).
Administration of 10 ml/kg BW (about 600�1,200 ml)
serves to elevate the concentrations of coagulation fac-
tors and inhibitors by 15�20%. The half-life of factor
VII is only 6 hours, which is why dosage intervals of 6
to 12 hours must be maintained. IgA deficiency is a
known contraindication. Adverse transfusion reactions
may occur with a frequency of 1�5% of cases. Improve-
ment in coagulopathy generally lasts 1 to 2 days. • Cau-
tion is called for, since accentuated coagulation entails
the danger of thrombosis (if necessary, AT III replace-
ment of up to 60�80%), and an overload of the intra-
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vascular volume must be avoided (monitoring of
CVP!). (21)

(2.) Antithrombin III concentrate*: 1,000�2,000 U/day
until the plasma AT III value exceeds 70%.

(3.) Desmopressin acetate*: This vasopressin derivative
(DDAVP) acts as an antidiuretic and antihaemorrhagic
agent. It increases the turnover of factors VII, VIII, IX
and XII and also shortens the bleeding time. The recom-
mended dosage is 0.3�0.4 µg/kg BW as an i.v. infusion.
This substance is contraindicated in the case of a throm-
botic status. Further contraindications include ischaemic
heart disease, cardiac arrhythmias and seizure disorders.

(4.) Vitamin K*: 10 mg, subcutaneous administration,
to be repeated for 3 to 7 days until the prothrombin
time has been corrected. Be careful when using the
intravenous route due to the risk of anaphylaxis and
hypotension. Onset of action is within 6�12 hours, full
impact is at 24 hours, subsequently lasting up to 7 days.
An overdose should be avoided as it can cause a (sudden
and dangerous) drop in Quick’s value resulting from the
formation of vitamin K oxide.

(5.) Heparin*: Heparin was recommended as early as 1963 for the
prevention of consumptive coagulopathy in cirrhosis patients. The
interruption of intravascular thrombin coagulation by heparin has
been confirmed in animal experiments. Soluble, circulating fibrin
aggregates into microthrombi (within a few hours of the coagu-
lation system being activated); heparin, however, cannot prevent
this. The efficacy of heparin is dependent on normal AT III values.
• Heparin is no longer recommended as a prophylactic or therapeutic
agent for DIC.

(6.) PPSB*: Should Quick’s value remain below 20%
after treatment with fresh plasma, administration of
1,000�3,000 U/day is indicated (1 unit PPSB activates
coagulation by 1�2%). This treatment should always be
carried out in combination with fresh plasma and AT
III concentrate to avoid the danger of thrombosis or the
manifestation of DIC. It must also be borne in mind
that PPSB (prothrombin [II] / proconvertin [VII] /Stuart-
Prower factor [VIII] / antihaemophilic globulin B) may
induce an increase in intravascular consumption in the
presence of hypercoagulability, and indeed trigger
haemorrhaging.

� Treatment of haemorrhagic complications in acute or
chronic liver disease initially focuses on the site of bleed-
ing, i. e. in the upper or lower gastrointestinal tract.
Mechanical, thermal and sclerotic measures are of
prime importance.

Systemic clotting dysfunction is a potential contributory
factor in more than 30% of cirrhotic patients with
gastrointestinal bleeding. The seriousness of the haem-
orrhage depends to a great extent on the severity of the
haemostatic disorder. Localized treatment must there-
fore be supplemented by additional corrective thera-
peutic measures, especially since a deterioration of the
haemostatic potential in a haemorrhagic patient may
occur rapidly and with serious consequences. The prep-
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arations listed above are also of value here, depending
on the respective individual findings. (s. tab. 19.2)

(1.) Thrombocyte concentrates*: Administration of
thrombocyte concentrates may be advisable when values
lower than 30,000/µl are present, but this must be
specifically indicated (e. g. thrombocyte deficit due to
sequestration in the spleen, increase in consumptive
coagulopathy, potential antibody formation).

(2.) Fibrinogen*: Doses of 2�4 g (i.v.) at six to eight-
hour intervals are recommended. Where haemorrhaging
occurs, simultaneous administration of even small
amounts of heparin is strongly contraindicated, particu-
larly as the patient’s heparin sensitivity may be highly
elevated in this condition as well as after the adminis-
tration of AT III. The use of heparin in such a situation
thus involves very high risks. (s. tab. 19.2)

(3.) Factor XIII*: The administration of factor XIII for
fibrin stabilization (1,250 U, i.v. until cessation of bleed-
ing) is worthy of consideration.

1. Local measures to arrest the bleeding
2. Correction of haemostasis disorders*

� antithrombin III concentrate
� desmopressin acetate
� factor XIII
� fibrinogen
� fresh plasma/fresh blood
� thrombocyte or erythrocyte concentrate
� vitamin K

Tab. 19.2: Therapy of haemostasis disorders

*) The manufacturer’s recommendations regarding application
and dosage must be followed.

� It is not possible to draw up a “treatment sched-
ule”, since each individual case, including the finan-
cial status, calls for careful and critical evaluation of
the respective measures. • The potentially deleterious
countereffects produced by the haemostatic and
fibrinolytic systems must be considered before
administering any medication.

2 Upper gastrointestinal haemorrhage

2.1 Definition

Upper gastrointestinal (GI) haemorrhages comprise
any bleeding occurring between the nasopharynx and
the duodenojejunal fold (Treitz’s arch), i. e. proximal
to the duodenojejunal flexure. • Such haemorrhages
are especially problematic in cases where liver disease
is also present.
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2.2 Forms

Acute gastrointestinal haemorrhage is the most frequent
life-threatening emergency situation in gastroenterology.
Incidence is as high as 50�100/100,000 population. In
85�90% of cases, upper gastrointestinal bleeding is
involved. (31, 44) Differentiation can be made by apply-
ing various criteria relating to the haemorrhage, such as
its course, extent, type and localization, as well as by
classifying the bleeding activity. (s. tab. 19.3)

1. Course of haemorrhage
� acute or chronic

2. Extent of haemorrhage
� severe or slight bleeding
� seeping bleeding

3. Type of haemorrhage
� arterial, venous or capillary

4. Source of haemorrhage
� petechiae, bleeding erosions, mucosal fissures,

ulcer, variceal bleeding
5. Classification of the bleeding activity of an ulcer

(J. A. H. Forrest et al., 1974)
I lesion with active bleeding
Ia spurting arterial bleeding
Ib seeping bleeding
II lesions with signs that bleeding has occurred
IIa visible vascular stump
IIb clot formation
IIc haematemesis
III lesions without the above criteria,

but with positive bleeding anamnesis

Tab. 19.3: Forms and classification of upper gastrointestinal
haemorrhage

2.3 Causes

Gastroduodenal ulcers account for 45�55% of cases of
upper gastrointestinal bleeding, gastric or duodenal ero-
sions for 25�35%, and oesophageal or fundus varices
for the remaining 15�25%. Portal hypertensive gastro-
pathy is frequently found together with portal hyperten-
sion. (24, 33, 39�41, 43, 49�51) Extensive haemorrhaging
can often be observed in cases where a clotting dysfunc-
tion occurs simultaneously. • The spectrum of possible
causes is exceptionally wide, particularly since manifest
bleeding may originate from a combination of various
(subthreshold) factors in individual cases. • Actually, ca.
5% of all cases of upper gastrointestinal haemorrhage
remain aetiologically unresolved. (s. figs. 19.3�19.5) (s.
tab. 19.4)

2.4 Diagnostics

Upper gastrointestinal bleeding may be either chronic
or acute. It becomes manifest as severe or slight
haemorrhages of arterial, venous or capillary origin. (s.
tab. 19.3) Elimination of the blood is effected by vomit-
ing or in the stool.

348

1. Oesophageal, gastric and duodenal varices (18�25%)

2. Angiodysplasia (1%) (s. fig. 19.5)
3. Boerhaave’s syndrome
4. Bouveret’s syndrome (34)
5. Clotting defects (s. fig. 19.4)
6. Dieulafoy’s bleeding
7. Duodenal ulcer (25�30%)
8. Erosions (10�15%) (s. fig. 19.3)
9. Gastric ulcer (20�25%)

10. Haemobilia
11. Malignancies (3�5%)
12. Mallory-Weiss syndrome (5�8%)
13. Oesophagitis/reflux oesophagitis (8�10%)
14. Osler-Rendu-Weber’s disease (44)
15. Peptic jejunal ulcer
16. Portal hypertensive gastropathy

or gastric antral vascular ectasia (GAVE) (24)
17. Watermelon stomach (38)

Tab. 19.4: Causes of upper gastrointestinal bleeding (with some
references and frequencies)

Fig. 19.3: Haemorrhagic erosions in the stomach as the cause of
bleeding

Fig. 19.4: Haemorrhagic gastritis in thrombopenia

Haematemesis: If bloody vomiting occurs immediately
upon the onset of bleeding or if there is a deficiency
of gastric hydrochloric acid or insufficient time for the
formation of haematin, the vomited blood appears
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Fig. 19.5: Angiodysplasia in the duodenum

bright red and is not foamy. After somewhat longer
periods in the stomach, the blood becomes dark red to
brown or black (so-called coffee ground vomitus).

Melaena: A recognizable elimination of blood from the
intestine takes place when more than 60�70 ml have
accumulated in the lower intestine. As a result of bac-
terial and chemical action (lasting several hours), the
stool becomes black in colour, so that a so-called tarry
stool is observed. As a rule, the source of bleeding lies
above the duodenojejunal flexure (ca. 90%). Melaena (s.
p. 366) may, however, also arise from bleeding in the
ileum or right colon � as could be demonstrated by the
collection of blood in the caecum during appendectomy.
The presence of larger amounts of blood in the intestine
leads to an accelerated passage with diarrhoeal elimin-
ation.

Occult blood: Blood volumes of < 50 ml are not gen-
erally recognizable by discolouration of the stool, but
must be demonstrated by special testing (e. g. test strips).
(s. p. 366)

Diagnostic goals: The diagnostic procedure for upper
gastrointestinal bleeding is largely standardized and has
three main aims:

1. Estimation of the haemorrhagic activity
2. Quantification of the blood loss
3. Identification of the source of bleeding

Circulatory parameters: The determination of circula-
tory parameters allows a rough calculation of the
amount of blood already lost as well as optimizing the
subsequent diagnostic and therapeutic measures. Loss
of more than 800�900 ml blood (or less in older
patients and in cases of anaemia) causes circulatory
symptoms: tachycardia, fall in blood pressure, decrease
in both cardiac output and venous return to the heart.
A central venous pressure (CVP) of < 5 cm H2O sug-
gests an unfavourable prognosis. The Allgoewer-Burri
index has proved to be a useful, objective parameter:
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Allgoewer-Burri index
heart rate : systolic RR � index
index: 0.5 � normal; 1.0 to 1.5 � impending shock with

circulating blood decreased by about 30%;
exceeding 1.5 � circulating blood decreased by
about 50%

Venous entries: Venous access points (one or possibly
two) must be created as quickly as possible and kept
open. Circulatory stabilization by means of volume sub-
stitution, at best with monitoring of the central venous
pressure, is crucial. Diagnostic or therapeutic endoscopy
is only possible once the circulation has been adequately
stabilized and any necessary fresh blood has been admin-
istered.

Loss of blood: The blood loss should be quantified by
repeated determination of the haemoglobin and haema-
tocrit values, because � depending on the severity of the
bleeding � significant changes in these (and other)
values only become evident after 2 to 4 hours due to the
gradual flow of tissue fluid into the circulatory system.

Laboratory parameters: Once the initial blood sample
has been taken to assess the blood loss, the following
values must be determined immediately: blood group,
thrombocyte count, Quick’s value, electrolyte profile and
creatinine as well as fibrinogen and AT III levels.

Endoscopy: It is essential that an endoscopic examin-
ation of the oesophagus, stomach and duodenum is car-
ried out as quickly as possible under intensive care con-
ditions with monitoring and pulsoximetry. The term
“emergency endoscopy” is in fact misleading because
upper gastrointestinal bleeding always constitutes an
emergency and calls for immediate hospitalization and
rapid diagnostic clarification.

� The primary objectives of initial endoscopy are: (1.) accurate
identification of the location of the bleeding, (2.) evaluation of the
bleeding activity, (3.) assessment of the danger of recurrent bleed-
ing, and (4.) collection of coexisting findings. Endoscopy is
90�95% reliable in clarifying these questions (if necessary,
repeated within a period of 12 to 24 hours). The secondary objec-
tive is to decide on the therapeutic consequences, such as conserva-
tive and/or local treatment, or surgical intervention. To this end,
the use of endoscopy with the possibility of simultaneous therapy
is the method of choice, for which there is no viable alternative.

The grounds for the primary use of endoscopy to clarify upper (and
lower) gastrointestinal bleeding are: (1.) endoscopy is acknow-
ledged as the procedure which reveals the most conclusive infor-
mation; (2.) this diagnostic procedure also provides the oppor-
tunity of using various endoscopic techniques to effect local
haemostasis; (3.) endoscopic techniques are more likely to be read-
ily available than scintigraphy or selective angiography; (4.) endo-
scopy is significantly more economical in terms of time and cost
than scintigraphy or arteriography; (5.) endoscopy is less stressful
for the patient and less invasive than angiography.

Complications cannot be attributed to endoscopy itself, but to the
pre-existing conditions: localized perforations, risks associated
with aspiration, cardiac problems, lowered blood pressure, etc.
Premedication may therefore be inappropriate in individual cases,
and endotracheal intubation or endotracheal anaesthesia is then
indicated.
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Stomach tube: Use of a double-lumen stomach tube may
be justified by several factors: (1.) detection of blood in
the stomach, (2.) assessment of haemostasis, (3.) irri-
gation of the stomach to improve visibility during sub-
sequent endoscopy, and (4.) permanent drip for clearing
blood residues from the intestine to prevent the develop-
ment of hepatic encephalopathy. (s. p. 277)

Scintillation scanning: In cases of intermittent haemorrhagic
lesions or subacute bleeding, valuable diagnostic data are yielded
within a period of 24�36 hours by the use of scintillation scan-
ning, employing 99mtechnetium-labelled erythrocytes. The sensi-
tivity of detection of bleeding is 93%, the specificity 95%, with an
overall accuracy of 94%. Verification of bleeding by scintillation
scanning is thus not only more reliable than arteriography, but is
also far less invasive. (23)

Angiography: Selective angiography (coeliac artery, superior mes-
enteric artery) may be attempted if the haemorrhage site could not
be localized by means of endoscopy and scintillation scanning.
Angiography is also of intraoperative benefit. However, it is only
possible to draw diagnostic conclusions with bleeding rates
exceeding 0.5 ml/min. In individual cases, the administration of
vasoconstrictor substances or an attempt at therapeutic emboliza-
tion are rendered possible by using an in-situ angiography catheter.

2.5 Prognosis

Spontaneous haemostasis: Some 60�80% of all upper
gastrointestinal haemorrhages cease spontaneously.
Early diagnosis with simultaneous stabilization of the
circulation facilitates such spontaneous haemostasis
without further therapeutic measures being called for.
In 10�15% of cases, the bleeding persists.

Risk factors: Several risk factors have a decisively nega-
tive influence on the prognosis. High-risk patients
require particularly close observation. The necessity for
surgical intervention may arise rapidly and often unex-
pectedly in such patients. Treatment is thus also directed
at maintaining the patient in a permanent condition of
operability. A new endoscopic index might possibly pre-
dict first bleeding from the upper gastrointestinal tract
in patients with cirrhosis. (52) There is an almost linear
correlation between the risk factors (s. tab. 19.5) and a
negative prognosis or lethality. Larger vascular stumps
at the base of ulcers (Forrest IIa, IIb) also show a tend-
ency towards recurrent bleeding within 48 hours in 50%
of cases. The risk remaining subsequent to the cessation
of bleeding drops to less than 5% after 3 days and less
than 1% after 7 days. (30, 35, 44, 45, 52)

Surgical measures: Surgical intervention is necessary in
5�25% of cases.

Lethality: Figures for lethality rates vary between 5�8%
(and up to 30%). When no blood transfusion is neces-
sary, the rate lies below 4%; when more than 6 units of
blood have to be transfused, it rises to 50%.

Decisive factors influencing the prognosis of acute GI
bleeding include: (1.) immediate stabilization of circu-
lation, (2.) prevention of aspiration, (3.) type of bleeding
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(varicose, arterial, diffuse), (4.) intensity of bleeding and
blood loss, (5.) age and possible comorbidity of the
patient, (6.) success of the treatment, and (7.) recurrent
bleeding. (s. tab. 19.5)

1. State of shock in the hospitalized patient
2. Initial Hb value <7 g/dl or haematocrit <30%
3. Forrest state Ib/II
4. Insufficient circulatory stabilization despite optimal volume

replacement
5. Consumption of >6 units of blood per 24 hours
6. Advanced age of patient, depending on biological aging
7. Concomitant illness: chronic liver, cardiac, pulmonary or

kidney disease; diabetes mellitus; etc.
8. Short-term recurrence of bleeding
9. Ulcer patients after unsuccessful conservative therapy,

possibly over an extensive period of time, and now requiring
subsequent surgery

Tab. 19.5: Significant negative prognostic risk factors in upper
gastrointestinal bleeding

� In extensive bleeding from the larger arteries (e. g.
gastroduodenal artery), surgery should be carried out
immediately as opposed to losing valuable time with
pointless endoscopic treatment.

2.6 Therapy

With the coexistence of liver disease, upper gastroin-
testinal bleeding poses special problems, either due to
haemorrhagic complications or existing haemostatic
disorders. • Therapy is initially determined by the
form, location and classification of the bleeding. (s.
tab. 19.3) The causes of bleeding will also have a sub-
stantial influence on the therapy to be implemented
� depending on the respective underlying disorder.
(s. tab. 19.4) Risk factors that have a negative effect
on the prognosis will likewise have to be considered
in any decision regarding therapy, which is why
standard therapeutic procedures are justifiably varied
in individual cases. A bacterial infection is another
important risk factor, so that the administration of
antibiotics (e.g. norfloxacin) is recommended. (s. tab.
19.5) (s. fig. 19.12)

2.6.1 Basic therapy

Volume replacement: Adequate volume replacement,
when possible through two venous entry points, is
initially of utmost importance. A central vein entry
point is strongly recommended to facilitate the constant
monitoring of pressure changes (CVP).

(1.) Crystalloid i.v. solutions, such as Ringer’s solution,
should only be used if the blood loss is relatively small
(< 1 litre), since only 25�30% of the crystalloid i.v.
solution has an effect on the volume. If administered in
excessive amounts, this can lead to an undesired
decrease in the colloidal pressure of the plasma. Crystal-
loid i.v. solutions, often containing glucose as a principal



Coagulopathy and haemorrhage

energy source, also serve as carriers for any medic-
aments which may have to be added to the drip in-
fusion. HES is an acceptable plasma substitute. • The
use of fructose, xylose and lipid solutions, high concen-
tration glucose (� rise in portal pressure) or dextran
products (� inhibition of thrombocyte aggregation) is
generally not advisable.

(2.) Human albumin solution has proved extremely
reliable, especially when used in conjunction with crys-
talloid infusions. (Synthetic iso-oncotic colloids should
be avoided as far as possible because of their negative
effects on coagulation and kidney function.)

(3.) Packed red blood cells are indicated when the blood
loss is > 25% (Hb < 7�8 g/dl). In this event, at least 3
or 4 units of blood should be readily available, and suf-
ficient reserves must be on hand. An Hb value of 10�11
g/dl is considered to be an adequate transfusion target.
Degradation of the citrate normally present in con-
served blood is delayed in the case of cirrhosis, so that a
substitution of 10 ml calcium per 4 units of erythrocyte
concentrate is advisable. In order to avoid transfusion
acidosis (pH < 7.2), 40 mval bicarbonate are adminis-
tered for every (4 or) 5 transfusions.

(4.) Frozen fresh plasma is used in cases of higher blood
losses (> 50%), or even earlier if necessary (e. g. in the
presence of concomitant coagulation defects). (s. p. 346)

Oxygen supply: Supplementary oxygen supply via a
nasal tube is recommended. The air passages must be
kept unobstructed, if necessary by intubation.

Gastrolavage using a double-lumen tube may be of both
diagnostic and therapeutic value in upper gastro-
intestinal haemorrhage. • Endobronchial intubation is
strongly recommended for disturbances of conscious-
ness.

Bowel purgation: In cases of gastrointestinal haemor-
rhage, large quantities of plasma proteins infiltrate the
intestine. This results in an abundance of protein deg-
radation products, which may cause hepatic encephalo-
pathy in the presence of sustained failure regarding the
detoxification function of the liver. In addition, the
breakdown of intestinal blood releases a large amount
of ammonia stored in the erythrocytes for systemic
transport, thereby considerably accentuating the danger
of HE. • Blood must therefore be removed as rapidly as
possible from the gastrointestinal tract! To this end, a
gastric tube is used (during endoscopy) to aspirate
blood from the stomach. A swift and thorough intes-
tinal purge is achieved by administering a 10% mannitol
solution or Golytely solution through nasal intubation
until a state of haemostasis is assured. Residual blood
may also be flushed from the lower colon by additional
high enemas with 300 ml lactulose (plus 700 ml water).
This intensive intestinal purgation is followed by further
treatment with lactulose. An additional infusion of orni-
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thine-aspartate concentrate may be advisable for the pre-
vention or treatment of HE. (s. p. 279)

2.6.2 Endoscopic haemostasis

A possible spontaneous haemostasis, which is found
without active therapy in about half the cases of upper
gastrointestinal bleeding, should on no account encour-
age the assumption of a passive approach with the post-
ponement of suitable therapeutic procedures. There is
an enormous danger of massive renewed haemorrhage
as well as of the development of complications within a
few hours following spontaneous haemostasis. (s. fig.
19.12)

� The development of effective procedures for endo-
scopic haemostasis � as well as the use of TIPS (48) �
has significantly broadened the spectrum of treatment
in cases of non-varicose, upper gastrointestinal bleed-
ing. Endobronchial intubation is strongly recommended
for disturbances of consciousness. In patients with acute
upper GI bleeding, infusion of erythromycin (3 mg/kg
BW over 30 minutes) before endoscopy improves the
removal of blood and water from the stomach. Erythro-
mycin is a motilin agonist and, as such, produces this
favourable gastrokinetic effect. (29) These procedures
have also improved the results achieved in differential
therapy. In Forrest I and II a, endoscopy is of prime
importance. Three groups of endoscopic methods are
available: (1.) topical procedures, (2.) thermal methods,
and (3.) local injection techniques.

1. Topical procedures: Various compounds may be applied under
endoscopic observation to the site of non-varicose bleeding or
bleeding ulcerations following sclerotization. • The experience
obtained with adhesive fibrin or thrombin is encouraging. This is
also true of their application in hypertensive gastropathy and in
gastric antral vascular ectasia (GAVE). Argon-plasma coagulation
(and possibly laser procedures) may also be used. Angiodysplasia
is best managed using heat treatment, especially in the case of
argon plasma coagulation.

2. Thermal methods: Various thermal methods may be employed
successfully in clearly defined instances of non-varicose bleeding
of the upper gastrointestinal tract:

(1.) The heater technique (R. L. Protell et al., 1978) involves the use
of a plastic-coated metal probe, the tip of which is heated by means
of a wire. Definitive haemostasis may be attained in 90�95% of
cases. The heater probe has proved easy to operate and is free of
complications. (27, 37)

Whereas the heat of the heater probe is directly transferred to
the site of bleeding, in the following types of probes, the electri-
cal energy is transferred by high frequency diathermy.

(2.) The monopolar probe (C. R. Youmans et al., 1970) has a small
differential electrode inside a catheter, which may be routed to the
site of bleeding through the endoscope. At the same time, the non-
differential electrode surface is fastened to one of the patient’s
extremities. Highly concentrated electrical energy is emitted from
the probe and effects deep tissue coagulation. Primary haemostasis
was achieved in 79�91% of the reported cases; recurrent bleeding
only occurred in 6�8%. (30)

(3.) The bipolar probe (D. C. Auth et al., 1980) has no non-differential
electrode, both electrodes being built into the tip. In the most
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widely used BICAP (� bipolar circumactive probe), a circular
arrangement of several adjacent electrode pairs is incorporated
into the probe tip. This limits the depth to which the electrical
pulse penetrates the tissue. (30, 36, 46)

(4.) The electrohydrothermoprobe (EHT) (W. Matek et al., 1983) is a
refinement of the monopolar probe. It allows a stream of water to
be directed through the probe: the site of bleeding can thus be
irrigated and rendered more easily visible, and at the same time,
charring of the tissue in contact with the probe is prevented. In
92% of reported cases, definitive haemostasis was achieved, with
recurrent bleeding in 11% of patients.

(5.) The high energy neodymium YAG laser (yttrium-aluminium
garnet) has been used to treat bleeding gastrointestinal lesions (G.
Nath et al., 1976). This method ensures deep tissue penetration of
the energy, yet entails the disadvantage of a greater risk of perfora-
tion or ulceration. As with the monopolar probe, the tangential
approach to the site of bleeding raises technical problems. On
average, primary haemostasis was achieved in 90% (87�100%) of
patients and definitive haemostasis in 43�90%. Complication rates
of up to 4% have been reported. (42, 46)

Analysis of the literature reveals no significant differences
between electrocoagulation and (very expensive) laser treatment
procedures in terms of primary or definitive haemostasis. With
laser therapy, the complication rate (0�4%) lies above that of
electrocoagulation (0%). Heat and bipolar probes may be
regarded as the most “tissue-friendly”, an inference supported
by the results of animal experiments, while laser and monopolar
probe methods are more “aggressive”. The electrohydrothermal
probe offers a compromise. An additional consideration is that
electrocoagulation and EHT procedures are technically uncom-
plicated, locally applicable and lower in cost compared to
laser methods.

3. Local injection techniques: Differentiation must be made
between the use of local injections in the therapy of non-varicose
bleeding in the upper gastrointestinal tract and the treatment of
bleeding oesophageal varices. (26, 30, 32, 42, 47)

Local injection treatment methods for non-varicose bleeding have
proved uncomplicated, quick to carry out, independent of
location, extremely reasonable in terms of cost and also very suc-
cessful. • Absolute alcohol, adrenaline, polidocanol and hyper-
tonic sodium solution are among the active substances used. (26)
A combination of suprarenin and polidocanol has meanwhile been
established as first choice: adrenaline (0.005�0.01%) is injected
into the mucous membrane surrounding the lesion in order to
induce vasoconstriction. Directly afterwards, polidocanol (1%) or
a hypertonic NaCl solution may be injected at the edges of the
lesion, resulting in local oedema with vascular compression and
thrombosis. The reported effectiveness of this method for primary
haemostasis is 83�100%, and definitive haemostasis is attained in
91�94% of cases. The complication rate is <1%.

If a blood clot is found at the bleeding site, it should be
removed with the help of a probe or loop. This is followed by
endoscopic therapy. In this way, the risk of rebleeding can be
markedly reduced.

The spectrum of local injection treatment in gastrointestinal bleed-
ing has been expanded and the results improved by the introduc-
tion of N-butyl-2-cyanoacrylate (J. P. Gotlib et al., 1981). This “fluid
tissue glue” polymerizes instantly on contact with blood and
rapidly forms an embolus-like occlusion at the site of bleeding. (s.
p. 356) In addition, fundus and stomach as well as duodenal varices
(K. Ota et al., 1998), which cannot be adequately assessed using
standard sclerotization techniques, have become easier to treat.
Tissue glue is still a possible therapy option.

4. Haemoclips: Employment of clips in cases of bleeding ulcers can
be problematic, since precise application is often unsuccessful in the

352

presence of severe bleeding or when the ulcer has undergone defor-
mation through scarring. Nevertheless, clips are nowadays regarded
as the first-choice alternative if other forms of therapy fail.

Good results have meanwhile been achieved using haemoclips:
recurrent bleeding was reduced to <10%. When this technique was
combined with subcutaneous injection of hypertonic sodium solu-
tion or adrenaline, the rate of recurrent bleeding dropped to <3%.
(32) The clips do not destroy the tissue, and the ulcer healing pro-
cess is not impaired. If the ulcer base is too firm, it becomes more
difficult to attach the clips and it may not be possible to use them
at all. They are particularly suitable for dealing with Mallory-
Weiss bleeding and Dieulafoy’s ulcer. It should be mentioned that
such clips are still relatively expensive. (26, 27, 32, 37)

2.6.3 Drug-controlled haemostasis

The use of particular substances may be considered in
concordance with the existing haemorrhage situation.
(s. tabs. 19.3�19.5) These may constitute either an adju-
vant therapy to endoscopic haemostasis or be used
when endoscopic or surgical measures are not indicated
or not possible. (22, 25, 28, 29, 40, 43, 51)

Application of pharmacological substances in existing
portal hypertension is aimed at reducing both the portal
pressure and the hyperdynamic circulatory status as well
as improving the microcirculation in the gastrointestinal
mucosa. • It also opens the door to the possibility of
correcting the secretory and motor function status of
the gastrointestinal tract in order to diminish the overall
vulnerability of the gastric mucosa. • The instability of
the clotting system is controlled by the administration
of fresh plasma. These measures improve primary and
definitive haemostasis as well as reducing the prob-
ability of any complications or recurrence of bleeding.

� Proton pump inhibitors
� Sucralfate
� Antacids, H2-receptor antagonists
� Propranolol and its derivatives
� Vasopressin derivatives
� Somatostatin or octreotide
� Fresh plasma

3 Bleeding oesophageal varices
3.1 Oesophageal varices as collateral circulation

A serious consequence of portal hypertension is the
formation of collateral circulatory systems with charac-
teristic haemodynamic circulation. (s. pp 253, 737) An
awareness of these possibilities heightens the under-
standing of the typical complications and provides
grounds for the application of medicinal or invasive
therapy for portal hypertension in the presence or
absence of a haemorrhage. Enhanced inflow of blood
from the splanchnic area into the portal vein or
decreased resistance in the arterial splanchnic circu-
lation (e. g. due to glucagon) will, however, increase por-
tal hypertension. (s. p. 244) (s. tab. 14.8) (s. fig. 14.6)
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� Oesophageal varices, like cardia varices and fundus
varices, arise from a regional stasis of submucosal
perioesophageal and paraoesophageal veins. • These
varices are supplied by the left gastric vein and pos-
terior gastric vein, while stomach varices are
additionally served by the branches of the splenic
vein and short gastric veins. Fundus varices may also
receive a direct supply via a.v. shunts in the stomach
wall. Neither the formation nor the presence of oeso-
phageal varices shows any clinical signs. The develop-
ment of Cruveilhier-von Baumgarten syndrome may
protect cirrhotic patients from the risk of oeso-
phageal varices forming and bleeding. (75) • Elevated
portal pressure is usually responsible for the formation
of oesophageal varices. (s. figs. 14.8�14.10)

3.2 Frequency and risks

Approximately 60�80% of all patients with portal
hypertension develop oesophageal varices at some stage
of their lives, half of them within 2 years and up to 90%
within 10 years of the initial diagnosis. Retrogression or
spontaneous disappearance of oesophageal varices has
been observed in less than 1% of patients within one
year, mostly in the wake of extended and strict abstin-
ence in cases of alcoholic cirrhosis. In 90�95% of cases,
the varices are localized in the middle and lower third
of the oesophagus (“junction zone”, i. e. in the area 2�6
cm above the oesophagogastric junction), and in 5�10%
of cases, they are found in the area of the stomach
fundus. Approximately 15% of patients have both oeso-
phageal and stomach varices; these patients are particu-
larly at risk with regard to haemorrhaging.

About 30�50% of oesophageal varix patients suffer
from variceal bleeding during the course of their lives. •
The risk of initial haemorrhage in a control group of
untreated cirrhosis patients is approx. 20% per year
(about 30% within three years). Most episodes of bleed-
ing occur within the first year; altogether 70�90% occur
within the first two years of observation. Some 20�30%
cease spontaneously. The rate of recurrent bleeding
(without prophylactic measures) is about 70% after the
initial haemorrhage; the probability of a relapse is high-
est during the first week (75%), but is still relatively high
after 3 months (30%). The prognosis is very poor in the
event of early recurrent bleeding (more than twice
within 2 days). (146, 190)

Primary oesophageal bleeding proves fatal in 30�40%
of cases, despite adequate conservative treatment or
emergency intervention. In general, 60�80% of pa-
tients survive longer than one year. Some 20�25% of
all cirrhosis patients die as a direct result of bleeding
oesophageal varices. • The lethality rate for each haem-
orrhage episode varies among the Child groups (A �
10%, B � 30�40%, C > 70%).
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3.3 Predictive haemorrhagic factors

The timing, degree of severity and frequency of haemor-
rhage depend on numerous predisposing factors, which
cannot, however, be used either as sole criteria or in
individual cases to predict the respective risk of bleed-
ing. Full awareness of such established risk factors (s.
tab. 19.6) would be an important aid in defining pre-
viously non-haemorrhaging risk groups, affording the
possibility of primary prophylactic measures. Severe
splenomegaly and thrombopenia are also considered as
risk factors. This aim has not become reality as yet. (137,
146, 147, 170)

� Bleeding oesophageal varices may be triggered by
three pathogenetic mechanisms: (1.) critical pressure
increase in the varices, especially when it is sudden (�
explosion hypothesis), (2.) occurrence of flow turbu-
lences with bidirectional blood flow in the varices (�
circulation hypothesis), and (3.) inflammatory lesion at
the varix surface with the formation of thin spots (�
erosion hypothesis).

3.3.1 Increase in pressure

Oesophageal varices do not occur when the portal pres-
sure lies below 10�12 mm Hg. It has been established
that the risk of bleeding increases significantly in accor-
dance with (1.) size of the portohepatic pressure gradient,
(2.) rise in the oesophageal varix pressure (62, 148), and (3.)
subsequent growth in size of the varices. The danger of
recurrent bleeding also rises in relation to the variceal
radius. A temporary elevation of the intravaricose pres-
sure and the resulting increase in vessel wall tension may
derive from one of several factors: the circadian rhythms
(increase in nocturnal/early morning pressure), food
intake, intra-abdominal pressure increase (from cough-
ing, lifting heavy loads, choking, etc.) and even deep
breathing as well as forceful respiratory movement. These
may cause a sudden variceal rupture in isolated cases. (93,
144, 149, 162, 167, 169, 196) • An upright posture helps to limit
the blood flow to oesophageal varices and hence reduces
the risk of haemorrhage (110).
The pressure gradient (HVPG) between the portal vein and the
inferior vena cava (measured as the difference between WHVP and
FHVP) is regarded as a more meaningful criterion than the simple
portal pressure, which may be influenced by a variety of factors. •
(Portal vein pressure [P] � portal blood flow rate [F] x transhepatic
vascular resistance [R]) • Measurement of the blood flow in the
azygous vein by means of thermodilution reveals a strong correla-
tion between the oesophageal varix pressure and the varix size,
but no correlation with the risk of bleeding. The verification of a
hepatofugal blood flow in the portal vein, splenic vein or superior
mesenteric vein by duplex sonography predicts a limited risk of
haemorrhage. The sonographic determination of a hepatopetal
blood flow in the coronary veins correlates with a decreased ten-
dency towards haemorrhaging. (219)

3.3.2 Endoscopic evaluation

In view of the methodological difficulties involved in the
(direct or indirect) identification of relevant indicator
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levels, endoscopy is the only proven method available
for identifying meaningful parameters concerning var-
ices and hence for estimating the risk of haemorrhage. •
The various criteria to be assessed in each endoscopy
may also be of individual relevance for prognosis:

1. Size of varices: The determination of the size of
varices is of fundamental significance in assessing the
haemorrhage risk. This has to be done according to dif-
ferent criteria: grade I � 1�3 mm (small), visible, or
visible under strain; grade II � 3�5 mm, visible
(medium-sized) twisted, solitary or corkscrew-like;
grade III � 6�10 mm (large), lumen-occluding; grade
IV � > 10 mm (very large), lumen-occluding, red
patches, thin spots.

2. Localization of varices: The identification of their
location may likewise be useful for evaluation purposes:
those in the lower oesophagus and in the cardia area
are more likely to rupture. The simultaneous presence
of oesophageal and fundus varices (10�15%) carries an
increased risk of haemorrhage.

3. Surface of varices: An assessment of the appearance
of the variceal surface provides valuable criteria. The
colour may be classified on a scale from (connective tis-
sue-like) white to (blood clot-like) blue. Occasionally,
there may be circumscribed red patches or stripes, cor-
responding to blocked and dilated vessels in the mucosa
or submucosa. These are accompanied by an abnormal
elevation of oesophageal varix pressure. They may be
classified as small, cherry-red spots (A. E. Dagradi et al.,
1966), red wall markings in the form of stripes or haemo-
cystic spots of over 4 mm in size resembling blood-filled
blisters (K. Beppu et al., 1981). Diffuse red areas may sig-
nify thin patches on the varical wall. • Under conditions
of elevated pressure in the varices, the growing increase in
wall tension and decrease in wall thickness culminate in
the formation of so-called thin spots, which are significant
indicators of the risk of haemorrhage. Varices with red-
coloured signs are subject on average to about 40%
more pressure than those without such signs, and haem-
orrhage occurs two or three times more frequently in
such cases.

� The site of bleeding can be located with precision in
about 90% of cases. Haemorrhage may occur as seeping
bleeding or as bright-red, spurting bleeding; there is
often a “pulsation”, synchronous with respiration. An
inactive haemorrhage site may occasionally be observed
in the form of a coagulate or as a whitish thrombocytic
embolus located at the point of rupture.
White nipple sign: No confirmation could be given of the findings
reported by R. S. Chung et al. (1984) that a white nipple sign (�
fibrin embolus) on a varicose node (� Mount St. Helen’s sign)
pointed to an unfavourable prognosis and recurrent haemor-
rhage. (195)

3.3.3 Sonographic evaluation

Endosonography may be regarded as a diagnostic
improvement over sonography. (147, 155, 167, 184) (s. fig.
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19.6) The recognition, diagnosis and sclerosing of vari-
ces is more reliably achieved by endosonography than
by conventional endoscopy. (227) • A better evaluation
of the risk of recurrent haemorrhage is also afforded by
duplex sonography. (186)

Fig. 19.6: Endosonographic detection of fundus varices

3.3.4 Child-Pugh criteria

Child-Pugh stage C (ascites, icterus, encephalopathy,
albumin deficiency, drop in Quick’s value) and regular
alcohol abuse increase the frequency of haemorrhage and
worsen the prognosis. Coagulopathy and hyperfibrinolysis
are also considered to be additional risk factors, espe-
cially since higher fibrinolytic activity has been demon-
strated in the mucosa of oesophageal varices. A correla-
tion between the appearance of large spider naevi (> 15
mm in diameter) on the skin surface and the onset of
bleeding oesophageal varices was established by B. Varela

Funtes et al. (1950). • A change in body position (e.g. bend-
ing over, lying down), cardia insufficiency, oesophagitis
and gastro-oesophageal reflux have no influence on the
tendency towards variceal bleeding.

3.3.5 CT and MRI

In some cases, it may be helpful to use CT with gastric
varices (183, 224) or MRI with oesophageal varices (140),
portal biliopathy (78) and bleeding of gall-bladder var-
ices. (79)

3.4 Clinical aspects

Haematemesis: Oesophageal bleeding usually begins
unexpectedly and without any characteristic preliminary
signs. The onset is frequently in the evening, during the
night or in the morning � possibly relating to the circa-
dian rhythm of the portal pressure increase, vascular tone
or clotting factors. (93, 144, 196) The haemorrhage often
presents as surging haematemesis, and volumes of
500�1,000 ml of blood are vomited. The renewed accu-
mulation of blood in the stomach may give rise to further
surging haematemesis after a certain “pause in bleeding”.
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� Endoscopic findings: An endoscopic diagnosis of the
haemorrhaging should be undertaken as a matter of pri-
ority as quickly as possible after the circulation has been
sufficiently stabilized. This has three objectives: (1.)
exact localization of the source of bleeding, (2.) determin-
ation of the haemorrhage criteria, and (3.) assessment
of coexistent findings. Additional, nonvariceal sources
of haemorrhage occur in up to 30% of cases in the pres-
ence (and even absence) of varices. (s. fig. 19.7) Decisive
therapeutic consequences can be derived from this.

Fig. 19.7: Fresh bleeding of the oesophageal varices (first bleeding)

In the evaluation of the various risk factors hitherto dis-
cussed, which have also been expressed as quantifiable
scores (NIEC score, München score), a simplified and
practicable scheme may prove useful. (s. tab. 19.6)

Parameter Low risk / I High risk / III

1. Varix size small (3�5 mm) large (> 6 mm)
2. Fundus varices absent present
3. Red-coloured signs slight strong
4. Variceal pressure < 15 mm Hg > 16 mm Hg
5. Localization mid-oesophagus lower oesophagus

6. Alcohol abstinent habitual user
7. Hyperfibrinolysis no yes
8. Thrombopenia no / slight strong
9. Splenomegaly slight strong

10. Child-Pugh stage A ���� B C

Tab. 19.6: Relevant parameters as distinct risk factors for assessing
the haemorrhagic tendency of oesophageal varices

Circulatory disturbance: There is great variation in the
effects of oesophageal bleeding on the circulation,
depending on individual circumstances. Sometimes,
only slight tachycardia and hypotension are presented
despite extensive bleeding, whereas in other cases, a crit-
ical state of shock is rapidly induced, often leading to
death. Sudden, unexpected transitions from an appar-
ently compensated circulatory condition to a deleterious
haemorrhagic shock must always be anticipated. The
monitoring and evaluation of circulatory parameters are
thus of utmost importance. (s. p. 349)
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Complications: The possible outcome of oesophageal
haemorrhage can take the following forms: (1.) haemor-
rhagic shock, (2.) acute liver or kidney failure, (3.) hepatic
encephalopathy (culminating in hepatic coma), (4.) con-
sumptive coagulopathy, and (5.) aspiration pneumonia.

3.5 Conservative therapy
3.5.1 Basic therapy

The basic treatment of bleeding oesophageal varices is
carried out under intensive care conditions. It essentially
corresponds to the procedures for upper gastrointestinal
haemorrhage. (s. pp 350, 351) The therapy has three
main objectives:

1. Volume replacement for circulatory stabilization
2. Gastrointestinal irrigation to prevent hepatic

encephalopathy
3. Monitoring of haemostasis to prevent coagulopathy

Volume replacement should not increase the CVP
beyond 4�5 cm H2O or the haematocrit beyond 35%,
since there is a danger of recurrent bleeding from the
oesophageal varices in the event of overcompensation.
Haemostasis parameters (e. g. thrombocyte count,
Quick’s value, fibrinogen, AT III) must be continually
monitored, so that any need for volume replacement is
recognized immediately. • A torsade de pointes (special
form of ventricular tachycardia) may arise in the case
of an electrolyte imbalance combined with vasopressin
and neuroleptics. (88) (s. fig. 19.8)

3.5.2 Sclerotherapy

� The sclerosing of bleeding oesophageal varices was first carried
out by C. Crafoord et al. (1939). They injected the agent quinine-
uretan (used at that time to sclerose haemorrhoids) into the varices
(82) via an oesophagoscope applying their own customized needle.
This method was taken up by E. Wodak in 1958 and subsequently
recommended for the periodic treatment of bleeding oesophageal
varices. Positive clinical results employing a paravaricose sclerosing
technique were likewise reported by H. Denk (1963).

Primary haemostasis: According to many publi-
cations, this highly effective method has a success rate
of 80�90% (60�100%) for establishing primary
haemostasis in all patients.

Definitive haemostasis: Definitive haemostasis can
only be considered as “certain” after the complete
sclerosing of oesophageal varices carried out during
several (in general 4 to 6) days of treatment within a
period of 6 to 8 weeks.

The sclerosing of oesophageal varices has become
standardized routine procedure over the past 20 years.

Methods: Many technical modifications in the field of sclerother-
apy have been reported and evaluated in a variety of publications.
Variations in method include the range of instruments, injection
technique, amount and concentration of the sclerosant per punc-
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ture as well as over the whole treatment period, needle gauge and
time lapse between treatments. The results achieved are none-
theless largely identical. The method selected ultimately depends
on the experience of the physician involved and, in individual
cases, on the particular clinical picture. (181, 199)

� Endoscopic sclerosing is normally carried out under i.v. sed-
ation, employing flexible instruments with a wide suction channel.
General anaesthesia is recommended in difficult cases of severe
bleeding. • The use of a rigid oesophagoscope may be advantageous
for endotracheal anaesthesia in special circumstances (com-
pression of strongly bleeding varices, localized focusing on varicose
nodes within the endoscope aperture, improved aspiration of
blood). Such a technique is, however, in itself more difficult.
Adequate experience in “rigid” methods is without doubt extremely
advantageous in intensive care situations.

� Intravascular, paravascular (submucosal) or combined injection
techniques may be employed. • An intravaricose injection results in
immediate thrombosis and subsequent fibrosis of the varices. • The
paravaricose technique facilitates first the compression of the
haemorrhaging varices and then the (submucosal) formation of
coarse scar tissue, which prevents variceal rupture and maintains
the collateral integrity of the venous lumen at the same time.
Replacement of the entire oesophageal mucosa by a connective
tissue lining may be necessary to allow the complete eradication
of varices. Paravascular injection often results in the sclerosing of
varices. No significant differences between the efficacy of each of
the two methods have been demonstrated. Moreover, the usual
“free-hand” nature of clinical treatment renders any strict differen-
tiation between intra- and paravascular methods very difficult. •
Preference is thus given to the combined injection technique (N.
Soehendra et al., 1981), especially since the sclerosing of varices is
more rapidly achieved by this method and rebleedings or the
appearance of new varices are more seldom. • It is important for
successful treatment that sclerosing begins at the gastro-oesopha-
geal junction and proceeds proximally.

� The following sclerosants are generally applied: polidocanol
(0.5%�3.0%), ethanolamine oleate (5%), sodium morrhuate
(2.5�5.0%), aqueous phenol solution (3%), sodium tetradecylsul-
phate (1�3%), ceplacolin (95%), phenolic almond oil (5%) and
ethyl alcohol (45%). • Polidocanol (hydroxypolyethoxydodecane)
is the most frequently used. The higher the concentration of the
sclerosing agent, the greater is the frequency of side effects. How-
ever, the sclerosing impact is far more reliable, including the
“desired” local inflammation with scar formation. The most effec-
tive sclerosant (within ca. 20 seconds) is N-butyl-2-cyanoacrylate
(0.5 ml � 0.7 ml lipiodol), which may only be injected into the
varicose vein! (198) It is already used widely as a method of choice.
Technical speaking, an endoscopic operation is time-consuming
and calls for perfect teamwork if tissue damage and clogging of
the instrument are to be avoided. Possible risks for the patient
include mediastinitis, local ulcerations and systemic embolisms.
(86, 90, 133, 151) (s. p. 352) • The combined use of butylcyano-
acrylate and ethanolamine oleate has also been reported. (207)

Injection volumes of 1�2 ml per paravascular technique and 3�5
ml per intravascular technique are recommended, with a maximum
of 30 ml per day. A total of ten injections may be required for each
treatment session.

A one-week interval between treatment sessions (about 3 to 7 days
for paravascular injection, at least 7 days for intravascular injec-
tion) has proved to be effective for obliteration of varices by means
of repeated sclerosing (usually a total of 5 to 6 sessions).

Advantages: There are obvious advantages in using
sclerotherapy: (1.) high effectiveness, (2.) low compli-
cation rate, (3.) no deleterious effects on haemodynamics
or liver function, (4.) simplicity of use, (5.) patient accept-
ance, and (6.) well-balanced cost-benefit ratio.
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Complications: The frequency of complications fluctu-
ates considerably, and thought must be given to the great
differences between the various haemorrhage patients.
Generally, complicative developments can be anticipated
in 10�20% of cases (when flexible instruments are used).
Serious complications occur in 1�3% of cases. Lethality
has been reduced to 1%. (60, 118, 135, 143, 187) • Approxi-
mately 40 different types of complications have been
reported: radiologically demonstrable thoracic findings
(80�85%) (189), oesophageal strictures (10�15%) (127),
thrombosis of the subclavian vein, bleeding from scleros-
ing ulceration (5�10%) (188, 226), perforation of the
oesophagus (1�2%), broncho-oesophageal fistula,
mediastinitis, infection or bacteraemia (105, 175) including
pyogenic meningitis and cerebral abscess (222), formation
of haematoma (179), gastro-oesophageal reflux (see
below) (121), pleural effusion (59), chylothorax (73) and
other pleuropulmonary complications (189), pericarditis
or pericardial effusion (124), arrhythmias and myocardial
ischaemia, peritonitis (203), ascites, thrombosis of the
portal vein (129), development of squamous cell carci-
noma (68, 98, 113, 128), etc. • The use of polidocanol can
lead to considerable cardiodepressive effects. The poten-
tial danger of embolism, particularly of cerebral embo-
lism, has been mentioned in connection with butyl-
cyanoacrylate application. Disseminated coagulopathy
has been described following repeated injections of etha-
nolamine oleate. • Life-threatening ventricular arrhyth-
mias, so-called torsade de pointes, have been observed
subsequent to the application of neuroleptics or vaso-
pressin as well as in the case of electrolyte imbalances. (88)
(s. fig. 19.8)

Fig. 19.8: Torsade de pointes: The QT interval represents the phase
of myocardial spread of stimulus and repolarization. Excessive QT
lengthening may be caused by certain drugs or electrolyte imbal-
ance. In addition, a U wave can occur, whereby its amplitude ex-
ceeds the T wave in V4�V6. Subsequently, a potential life-threaten-
ing arrhythmia of type torsade de pointes may develop. Clinical
symptoms include vertigo and syncopes. This arrhythmia can
spontaneously disappear, but also pass into ventricular fibrillation
and thus end fatally

Side effects: Side effects such as erosions, superficial
ulceration or mucosal necrosis can be expected in > 80%
of cases. Sucralfate, cimetidine, ranitidine and omepra-
zole (116) as well as fibrin adhesive have been used both
for prevention and to promote healing. From a morpho-
logical viewpoint, these inflammatory tissue reactions
are to a certain extent necessary to induce thrombosis
and vessel wall fibrosis. Fever, leucocytosis, chest pain
and tension occur as frequent yet usually insignificant
concomitant reactions. Dysphagia or dysfunction of the
oesophagus are of no clinical significance. The develop-
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ment of a gastro-oesophageal reflux is the subject of
some controversy.

Indications: The use of sclerosing therapy � which has
been widely replaced by banding therapy! � is based on
three indications (s. fig. 19.12):

1. in acute bleeding of oesophageal varices
2. for preventing the recurrence of bleeding
3. as a preventive measure against primary

haemorrhage

� Primary haemostasis: Acute sclerosing is generally
performed during the first endoscopic examination. The
rate of haemostasis is 70�95(�100)%. The frequency of
(early and late) recurrent bleeding has been reduced to
30�50%, most effectively after several months when all
varices have been obliterated. Nevertheless, an annual
risk of recurrent bleeding of 10�20% remains due to
newly formed varices, especially in the stomach fundus.
Inpatient mortality is about 20%. However, more ways
are being found to improve the life expectancy of the
patient.

If acute sclerosing is not possible or has failed due to
massive haemorrhaging, the balloon tamponade may be
used to provide temporary relief until the circulation has
stabilized sufficiently. (s. p. 358) However, this is only
effective (about 80%) for a limited period of time. •
Adjuvant medicinal therapy to reduce portal pressure is
helpful. (s. p. 360) • At this stage, elective sclerosing can
generally be performed with better visibility and circu-
latory conditions. In approx. 70% of cases, primary
haemostasis can be achieved by means of acute or elect-
ive sclerosing. It is seldom necessary to perform portal
vein surgery. (58, 61, 65, 83, 90, 91, 94, 96, 97, 103, 104, 106,
115, 123, 130, 139, 143, 157, 163, 164, 190, 192, 194, 199, 200, 201,
204�207, 209, 210, 214, 216, 217, 221)

The sclerosing of acutely bleeding fundus or stomach
varices is more difficult from a technical point of view.
(120, 183, 198, 224) In this respect, the use of butylcyano-
acrylate is a genuine step forward. (84, 86, 90, 133, 151)
More effective haemostasis and a lower rate of late
recurrent bleeding (about 8%) may also be achieved in
sclerosing oesophageal varices using this substance,
which is only administered intravascularly! Adverse
effects include delayed rejection of the plastic-like plugs
(after 6 to 8 weeks) and protracted healing of the defect.
(s. p. 356) • Pregnancy does not preclude successful
sclerotherapy. (111, 126) • Nutrition has no influence on
the complication rate of sclerotherapy.

� Interval sclerosing: There is recurrence of bleeding in
30�40% of patients within the first 5 or 6 days. The pre-
vention of a relapse is the most important consideration
in the weeks following the successful treatment of pri-
mary haemorrhage. This secondary prophylactic measure
made it possible to reduce the rate of potentially fatal
recurrent bleeding from 70�80% to 30�40% over an
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observation period of 1 to 4 years as compared with a
control group. The importance of acute sclerosing for pri-
mary haemostasis and of interval sclerosing for the pre-
vention of relapses as well as in a long-term prophylactic
strategy is undisputed. • The next sclerosing step is per-
formed within the first 3 to 7 days and repeated at weekly
intervals until the varices have been completely obliter-
ated. Interval sclerosing, each time lasting 1 or 2 days, is
undertaken during a hospitalization period. Endoscopic
follow-up is carried out at 2 to 3-month intervals, with
further sclerosing in the event of any recurrence of
varices. • During the bleeding interval, the following pro-
cedures are available: (1.) programmed sclerosing or liga-
ture treatment, (2.) supplementary drug therapy, and (3.)
portosystemic shunting. These three procedures must be
employed consistently in accordance with the specific
conditions of each case.

Prognosis: The renewed formation of collateral varicose
lesions appears in 40�60% of patients within 2 years
following the eradication of varices, although these
patients tend to suffer fewer relapses of bleeding than
those without these new shunts. Fundus varices are
found in 2�7% of cases. The question of a prognosis
quoad vitam cannot be resolved simply in terms of the
technical success of sclerosing, but is also substantially
influenced by the prevailing liver function and by portal
hypertension. In the first year, the survival rate in the
Child A group proved to be significantly higher
(80�95%) than in the Child C group (40%). Meta-
analyses confirm the superiority of acute and interval
sclerosing over non-endoscopic procedures not only
with respect to primary haemostasis and the prevention
of bleeding, but also regarding the improvement of sur-
vival time. The prognosis for fundus varices, which are
physically less accessible to therapeutic measures, is gen-
erally not so favourable. (77, 101, 106, 178, 201, 220)

Gastric varices are found in the fundus or in the region
of the cardia. They have a lower rate of bleeding than
oesophageal varices (5�10% of all acute variceal bleed-
ing), but a higher lethality. Due to their deeper location
in the submucosa in comparison to oesophageal varices,
common sclerotherapy or banding is generally ineffec-
tive and may even aggravate the bleeding. Isolated gas-
tric varices are mainly found in splenic vein thrombosis.
Therapy is based on direct injection of N-butyl-2-cyano-
acrylate into the lumen of the varices (56, 84, 86, 120, 133,
151, 183, 224), balloon tamponade (156) or balloon-
occluded retrograde transvenous obliteration. (122, 191)
(s. fig. 19.9)

Duodenal varices are rare. Consequently, their frequency
is poorly documented. They are present predominantly
in patients with prehepatic portal hypertension. Possible
therapy options include banding and medication (terli-
pressin, octreotide, later on β-blockers, etc.) or place-
ment of a TIPS (provided there is no portal thrombo-
sis). (63, 117)
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Fig. 19.9: Large varix in the gastric fundus with erosion

3.5.3 Endoscopic variceal ligation

� Following the propagation of rubber band ligation for haem-
orrhoids by J. Barron (1963), oesophageal varix ligation was
later introduced by G. Van Stiegmann et al. in 1986.

Method: After sucking a varicose cord into a chamber at the
tip of the endoscope, a rubber ring is applied around the
respective varix in order to strangulate the bleeding varicose
nodule. Between 6 and 10 varices can be ligated during one
session (� speedband). An application set is available for clin-
ical use. The multiligator top can carry as many as 6 to 8 rings.
As a rule, 4 or 5 sessions are held at weekly intervals. • A rare
complication, with lethal outcome in one case, is oesophageal
perforation. This event can presumably be attributed to the
entrapment of the oesophageal mucosa in the 6 mm aperture
between endoscope and conductor, with subsequent rupturing
upon further penetration of the piloting tube. Another rare
complication is cerebral artery air embolism.

The reported advantages over sclerotherapy are (1.)
lower rate of complications (2% vs. 22%), (2.) reduced
occurrence of strictures or oesophageal dysphagia, (3.)
swift and efficacious placement, (4.) lower frequency of
recurrent bleeding (36% vs. 48%), (5.) ligation-related
ulcerations are flatter and their healing is more rapid,
(6.) fewer sessions are required, and (7.) mortality rate
is lower (28% vs. 45%). The prerequisite is that the
method is applied in such a way as to ensure precise
placement. This form of therapy has proved successful
and even superior to sclerotherapy. The ligation set, how-
ever, reduces the field of vision by about 30%, and aspir-
ation of blood is hence rendered more difficult. At the
Child A stage, this method is very efficient; in Child B,
it is only indicated under certain conditions. This
applies both to the treatment of acute variceal bleeding
and secondary prophylactic strategy. • After many years
of experience, rubber-ring ligation has become the method
of choice. However, an initial rubber-ring ligature fol-
lowed by sclerotherapy is also recommended. Mean suc-
cess rate is 90�92%. (96, 97, 103, 106, 130, 133, 134, 139, 160,
162, 177, 182, 185, 190, 194, 202, 204, 214, 218, 225, 226)

358

3.5.4 Balloon tamponade

Massive bleeding can be effectively controlled by mech-
anical compression of bleeding oesophageal or fundus
varices, yet only for a limited period of time. Unless the
bleeding is life-threatening, it is necessary to carry out
a preliminary endoscopic examination in order to
localize the source of bleeding for ensuring accuracy in
the selection and placement of the tube. (s. fig. 19.12)

The use of balloon tamponades in the form of the Seng-
staken-Blakemore tube or Linton-Nachlas tube consti-
tutes rapid and highly effective emergency treatment;
this technique is initially necessary in some 10�15% of
cases of acute bleeding. It guarantees primary haemo-
stasis in about 80% (75�100%) of cases. Care should
be taken in choosing a suitable balloon tube for each
individual case. This method is indicated in cases of
massive bleeding where no specific sclerotherapy or rub-
ber-ring ligation is feasible because of greatly impaired
visibility. The balloon tube may also be indicated in
massive bleeding to bridge the time span until the circu-
lation has been stabilized and the planned measures can
be applied (even during transportation of the patient).
It should also be possible to insert a balloon tamponade
under intensive care conditions as and when required.
As regards other causes of upper gastrointestinal bleed-
ing, the balloon tamponade method is not appropriate,
except under special circumstances. (92, 114, 156, 157)

The Sengstaken-Blakemore tube (s. fig. 19.10) is the most widely
used type. It comprises 4 channels : gastric tube, gastric balloon
tube, oesophageal balloon tube, and tube for aspiration from the
oesophagus via the tamponade. The tube is lubricated (by means
of glycerine or liquid paraffin) and introduced through the nose
(or if necessary through the mouth). The correct position of the
tube in the stomach can be checked by auscultation when blowing
air is blown through the lumen or by X-ray. The gastric balloon is
inflated with 150�250 ml air (secured with 2 clamps) and carefully
fixed to the nose (or the mouth). It is not recommendable to
weight down the tube. After the balloon has been appropriately
positioned in the fundus, the oesophageal tube is inflated under
manometric control to a pressure of about 40 mm Hg (generally,
the oesophageal varix pressure does not exceed 30 mm Hg). At
intervals of approximately 2 hours, the tube should be unblocked
for 10 to 15 minutes to maintain the mucosal blood flow. It is
imperative to keep the patient and the endoscopic technique under
continuous surveillance. Should the aspiration controls via the gas-
tric and oesophageal tubes indicate a satisfactory degree of haemo-
stasis, the oesophageal balloon is deflated, while leaving the gastric
balloon inflated in the same position. After a further period of 6
to 8 hours without recurrence of bleeding, the gastric balloon is
likewise unblocked and the Sengstaken tube removed. The patient
is kept in a head-up position throughout the whole procedure. • A
different model, known as the Minnesota tube, is equipped with an
additional feature to allow aspiration of the oesophageal contents
above the balloon.

The Linton-Nachlas tube (s. fig. 19.11) has 3 channels : gastric tube
with several lateral openings, tube for the pear-shaped gastric bal-
loon, and oesophageal tube with lateral openings for aspiration.
The gastric balloon is inflated with 350�500 ml air (depending on
the physical stature of the patient) and drawn into the fundus and
cardia area as well as into the lower oesophageal section by weight
traction (500�750 g). This ensures good compression of the var-
ices. As a rule, the tamponade can be maintained for 36 hours,
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Fig. 19.10: Sengstaken-Blakemore tube (R. W. Sengstaken, A. H.
Blakemore, 1950): 1. oesophageal tube, 2. gastric tube, 3. gastric
balloon tube, 4. oesophageal balloon tube

Fig. 19.11: Linton-Nachlas tube (R. R. Linton, 1953; M. M. Nachlas,
1955; L. Bertrand, H. Michel, 1969): 1. oesophageal tube, 2. gastric
tube, 3. balloon tube
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with no intermittent unblocking. After this period of time, the
weight for traction is removed, yet the position of the tube remains
unchanged for a further period of 12 hours. Hourly lavage and
aspiration yield reliable information on the therapeutic results. In
order to prevent nasal ulcers, pressure and rubbing should be
avoided as far as possible. It is imperative for the patient to main-
tain a supine position with the head raised and secured by means
of sandbags. • The tube currently in use was developed by L. BER-

TRAND and H. MICHEL (1969).

Complications: In 15�20% of patients, aspiration pneu-
monia, ulceration, oesophageal rupture or asphyxia
occur as a result of the dislocation of the tube. There-
fore, the range of indications for endotracheal intubation
should be kept narrow. The overall duration should not
exceed 6 to 12 (to 24) hours. The use of the tube is
rather unpleasant for the patient. Care of the patient as
well as medicotechnical measures are rendered difficult
by the indwelling tubes. After the balloon tube has been
removed, recurrent bleeding can be expected in 30�50%
of cases. This may necessitate another tamponade;
alternatively, endoscopic procedures or medication for
haemostasis might now be employed. • In cases of
adequate therapeutic success, further measures for a
definitive haemostasis of bleeding oesophageal varices
must now be initiated without delay.

3.5.5 Prevention of primary bleeding

K.J. Paquet (1982) suggested the sclerosing of varices as a
preventive measure and put forward a system of grading
to assess risk patients for primary prophylactic pro-
cedures. Even though the size of the varix (degrees III
and IV) generally correlates with the risk of bleeding,
the compiling of a prognostic index proved unreliable,
since it is virtually impossible to estimate the danger of
haemorrhaging in the individual. This applies especially
to the risk associated with prophylactic sclerotherapy
and shunt operations. The results made available in the
meantime have proved to be variable and controversial,
for which reason primary sclerosing is not recom-
mended as a preventive measure. Nevertheless, accord-
ing to a meta-analysis, primary prophylactic measures
using polidocanol were significantly more effective in
improving the survival time when compared to a refer-
ence group, particularly in patients with a greater risk
of bleeding. (54, 89, 136, 176, 180, 182, 213, 215) • Preventive
variceal ligation is as effective and safe in patients with
Child-Pugh A and B, especially in combination with
nadolol, and in fact offers a greater chance of survival
than do β-blockers. (108)

Prophylactic medication consists of β-blocking agents
(propranolol, timolol, nadolol). (s. p. 323) The risk of pri-
mary bleeding could be reduced by about 50%. (69, 80, 145,
165, 168, 176) • Parallel treatment with isosorbide mononi-
trate, molsidomine and spironolactone is recommendable
from a pharmacological point of view. Portal venous
pressure should be 20�30% lower. • Previous studies have
shown that all patients with cirrhosis and oesophageal
varices should be given primary prophylactic medication.
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Alcohol, acetylsalicylic acid and NSAIDs should be
avoided. There is no advantage to be gained from not
consuming certain foods (such as spices) or from the
long-term intake of H2 blockers.

3.5.6 Medicinal treatment

In bleeding oesophageal varices, adjuvant medication
therapy is advisable for reducing portal hypertension.
This can be achieved by (1.) lowering vascular resist-
ance with the help of vasodilators, (2.) cutting down the
blood flow into the oesophageal collaterals with the
help of substances which restrict the arterial splanchnic
circulation, or (3.) applying a combination of these two
therapeutic procedures. (61, 83, 100, 150, 160, 190)

In 1956 vasopressin was recommended for the first time to treat
bleeding oesophageal varices (J. H. Kehne et al.). Acute bleeding is
temporarily arrested within a few hours in 50(�70)% of patients
(0.4�0.8 U/min, i.v.). In addition to the pressure reduction in the
splanchnic vascular bed (20�30%) and in the varices (ca. 15%),
there are, however, also occurrences of coronary spasms, ventricu-
lar arrhythmia (88), hypertension, colicky abdominal pain and
ischaemic organ lesions. By combining vasopressin with glyceryl
trinitrate (0.4 mg, sublingually or i.v.), the frequency of side effects
can be reduced (31%) and the elevated portal pressure lowered.
Vasopressin has largely been replaced by its synthetic derivative
terlipressin.

� Terlipressin has been used for bleeding oesophageal
varices since 1975 (K. F. Aronsen et al.). This “prodrug” is
converted by enzymatic splitting off of the three glycine
residues into active lysovasopressin, which results in an
even distribution in the plasma and a prolonged effect
(half-life of 3 or 4 hours). Terlipressin is administered
at 4 to 6 hour intervals (1�2 mg in 10 ml isotonic NaCl
solution). Following a bolus injection of 2 mg, the intra-
varicose pressure is reduced by about 30% within 2 min-
utes, and HVP is significantly reduced over a period of
4 hours. Haemostasis was achieved in 60�90% of cases.
Terlipressin can be successfully combined with a nitro-
vasodilator, whereby the side effects of the vasoconstric-
tors are decreased. The combination of terlipressin and
nitrates is the most beneficial drug regimen for bleeding
oesophageal varices. Comparative studies on balloon
tamponade, sclerotherapy and somatostatin have also
demonstrated the efficacy of terlipressin. (57, 85, 91, 92,
109, 161, 193, 197) (s. p. 863)

� Somatostatin has been recommended as medication
for bleeding oesophageal varices since 1979 (L. Thulin et
al.). It lowers the elevated portal pressure and reduces
the blood flow in the azygous vein. The ideal dosage is
250 µg as an i.v. bolus administered immediately after
emergency admission, followed by 250 (�500) µg/hour
as i.v. infusion. The arterial splanchnic blood flow is
decreased by 20�30% with unchanged systemic pressure.
This facilitates sclerotherapy and at the same time
improves therapeutic efficacy. In the presence of diabetes
mellitus, it is advisable to check the blood glucose levels
repeatedly, since there may initially be a reduction and
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later an increase in blood glucose. Somatostatin probably
antagonizes the effect of glucagon. The haemostatic
effect of somatostatin is well documented (64% vs. 41%)
(72, 99); the drug has proved to be almost equivalent to
terlipressin, but superior as vasopressin. Comparative
studies with balloon tamponade or sclerotherapy also
indicated that the results achieved with somatostatin were
virtually identical in terms of primary haemostasis in
80% of cases. (58, 72, 114, 164, 192) Somatostatin may also
be indicated as concomitant treatment after sclerother-
apy and ligation for 5 to 7 days, since the danger of recur-
rent bleeding is particularly great during this period of
time. (65, 115, 161) (s. p. 863) • The synthetic derivative
octreotide has a good effect (reduction in mesenteric per-
fusion, HVWP, blood supply into the azygous vein and
intravaricose pressure) in 80�85% of cases and possesses
a much longer half-life than somatostatin (1�2 hours vs.
2 minutes). A dosage of 25�50 µg/hr is recommended as
a continuous i.v. infusion. Octreotide has only few side
effects. Recent results favour octreotide over vasopressin/
terlipressin. (81)

Initial Maintenance Duration
bolus dose of therapy

Terlipressin*) 2 mg i.v. 1�2 mg/4 hr i.v. 2 days
Somatostatin 250 µg i.v. 250 µg/hr i.v. 5 days
Octreotide 50 µg i.v. 25�50 µg/hr i.v. 5 days

*) in combination with glyceryl trinitrate (20 mg/24 hr
transdermally, or 40�70 µg/min i.v.)

� Losartan is an antagonist of angiotensin-II receptor.
With oral administration (25 mg/day), portal hyperten-
sion could be significantly reduced. Side effects were
not observed.

� Metoclopramide reduces the intravaricose pressure by
restoring the normal tone to the lower oesophageal
sphincter. The use of metoclopramide for the prevention
and treatment of oesophageal varix bleeding is thus
another pharmacological alternative. The haemody-
namic effects of portal hypertension are not influenced.

� Nitrates were used to produce a favourable effect on
portal hypertension: isosorbide dinitrate, isosorbide
mononitrate (55, 69, 134, 136, 145, 217, 218) and glyceryl trini-
trate (92, 149). Glyceryl trinitrate can easily be controlled
owing to its short half-life of 5 minutes. It is also effective
upon transdermal application (10 mg/day).

Molsidomine (L.R. Del Arbol et al., 1989) diminished the
hepatic venous wedged pressure and the hepatic venous
pressure gradient as a acute effect. Furthermore, in long-
term oral treatment (3 to 6 months), the variceal pressure
decreased by 28% and the hepatic venous pressure gradi-
ent by 25%, with a simultaneous reduction in the size of
varices of about 17%. (107) A dose of 2 mg proved ade-
quate. Orally applied molsidomine can thus be recom-
mended for long-term prophylactic medication. • In fur-
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ther studies, octreotide or the balloon tamponade were
found to be superior to the combined application of
nitroglycerin � terlipressin or nitroglycerin � vasopres-
sin. (193) • The combination of nitrates with β-blockers has
proved to be more effective than monotherapy in reduc-
ing portal hypertension. (217)

� Propranolol was used for the first time as a β-blocking
agent for prophylactic measures with regard to bleeding
oesophageal varices (D. Lebrec et al., 1980). By dilating the
splanchnic vessels, it leads to a lower blood flow into the
portal vein and thus a decrease in portal hypertension of
20�30%. This effect is only maintained when the intake
is regular, although careful monitoring of the cardiac
and circulatory function is still necessary, with particu-
lar attention being paid to a potential reduction in the
cardiac output. In some patients, portal pressure cannot
be diminished even with an adequate dosage of pro-
pranolol (non-responders). The frequency of side effects
(such as hypotension, dizziness, Raynaud’s syndrome,
bradycardia, bronchoconstriction, impotence) can be
kept well below 20%. • Propranolol can be used success-
fully as a prophylaxis for both oesophageal and fundus
varices. The dosage (twice daily) should be continued
until the pulse rate is reduced by approx. 25% of the
initial value (generally down to 55�60/min); the blood
pressure should not fall below 90 mm Hg. (100, 168) •
According to previous experience, the risk of primary
bleeding seems lower when propranolol is applied as a
primary prophylactic measure in patients with medium-
sized or large varices and “red-coloured signs”. (54, 80,
165) • Long-term treatment with propranolol may be suc-
cessful in certain situations as a secondary prophylactic
measure in order to prevent recurrent bleeding. (64, 136,
206, 216) This is particularly true of simultaneous interval
sclerotherapy. (182, 185) The gastric mucosal blood flow
was slowed down in portal hypertensive gastropathy; the
serum gastrin level remained unaffected. • A combina-
tion of propranolol and molsidomine is considered to
be efficient. • Nadolol has also been used with success
as a β-blocking agent � in combination with nitrate �
for the prevention of primary bleeding and relapses. It
is only administered once daily; its elimination is
predominantly renal. Side effects are markedly fewer
(< 5%) than with propranolol. (69, 134, 145, 217, 218)

3.5.7 Bacteraemia

Clinically relevant bacteraemia is seen in 5�15% of
patients who undergo emergency sclerosing of oeso-
phageal varices. Prophylactic treatment with poorly
absorbable antibiotics led to a reduction in the fre-
quency of bacteraemia and infections. The risk of
rebleeding is increased above all by a bacterial infection.
Thus it was possible to reduce the frequency of rebleeding
significantly by administering an antibiotic prophylaxis
for a period of 3�7 days. In this connection, the use of
norfloxacin (2 � 400 mg/day for about 1 week) or oflox-
acin proved beneficial. (67, 105, 166, 175) (s. p. 304)
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Synopsis

Primary prophylactic measures such as the adminis-
tration of propranolol or nadolol and, if necessary,
combined with isosorbide mononitrate, molsidomine
and spironolactone as well as sclerotherapy (54, 89, 166,
180, 213) or banding ligation (108, 136, 182) may be in-
dicated in cirrhosis patients who present major risk
factors for primary oesophageal bleeding. (s. tab.
19.12)

The various conservative methods used in the treat-
ment of bleeding oesophageal varices have been
investigated in a number of clinical studies. It might
well be difficult to assess the results � often varying
and occasionally controversial � since the individual
findings within the frequently heterogeneous patient
groups rarely permit any comparability between the
studies. • Subsequent to the endoscopic confirmation
of the diagnosis � which may only be omitted under
exceptional circumstances � the decision must not
only focus on the treatment procedures to be
implemented, but on a flexible, sequentially struc-
tured process. This means using suitable, clinically
well established procedures which have been selected
from the entire scope of conservative treatment.

For primary haemostasis, sclerotherapy or varix liga-
tion are considered to be the methods of choice. •
Should sclerotherapy or ligation not be feasible (as yet)
for primary haemostasis, medication therapy (first pri-
ority) with terlipressin and octreotide may be applied
as an alternative � with the aim of carrying out sub-
sequent sclerosing or ligation as soon as possible. •
Should it be imperative to control massive bleeding
without delay, the balloon tamponade method can be
applied for a limited period of time. Here, too, the aim
must be early sclerotherapy or ligation.

As a secondary prophylactic step against recurrent
bleeding, eradicating sclerotherapy or ligation are the
methods of choice. At the same time, β-blocking
agents and nitrates may be given both as adjuvant
treatment and subsequent long-term therapy. Further-
more, spironolactone and/or molsidomine are also
suitable in such cases.

The question concerning the use of semi-invasive or
surgical measures arises once definitive haemostasis
has been achieved. This depends on the liver function
in each case and a careful review of the individual
risk factors and behaviour as well as an assessment
of the indications. • Variceal bleeding that has proved
to be unresponsive to haemostatic efforts over a
period of time exceeding 2 days (with a daily appli-
cation of more than four units of packed red blood
cells) in spite of all conservative measures must be
subjected to semi-invasive or surgical therapy. This
also applies to an early recurrence of bleeding.
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3.6 Semi-invasive treatment

3.6.1 Transhepatic embolization

The transhepatic embolization of bleeding oesophageal varices,
which was first used by A. Lunderquist et al. (1974), is only of minor
clinical importance today. With this procedure, a vascular catheter
is introduced via the percutaneous transhepatic route into the portal
system, and the convolute of varices is selectively thrombosed. (87)

3.6.2 TIPS

From a haemodynamic point of view, the transjugular
intrahepatic portosystemic stent shunt (TIPS) constitutes
a portacaval side-to-side anastomosis in the form of a
nonsurgical link between the portal vein and the hepatic
vein. The TIPS can be closely compared with the portaca-
val interposition shunt, because the pressure reduction
also depends on the shunt lumen. Stent placement leads
to a permanent decrease in portal pressure; in 60�70% of
cases, it was possible to achieve the desired reduction in
pressure to almost 12 mm Hg. In addition, the splanchnic
blood pool decreased, the cardiac output increased, the
RAAS was deactivated and renal function improved. (70)
(s. pp 259, 314, 329)

� This procedure, which is well documented in animal experi-
ments, was introduced into clinical practice by R. F. Colapinto et al.
in 1983. A self-expanding Wall stent with a width of 8 to 10 mm
or a Palmaz metal stent (J. C. Palmaz et al., 1985), which can be
expanded up to a maximum of 16 mm, is applied. The latter was
first used in clinical practice in 1989 (G. M. Richter et al.). • With
this method, a catheter is inserted into a right liver vein through
the internal jugular vein. The portal vein is punctured near the
bifurcation by means of a needle inserted through the catheter, and
a guide wire is introduced to an adequate extent into the portal
branch. The liver tissue between the liver vein and the portal vein
is predilated by means of a balloon catheter via the guide wire,
and the Palmaz stent is subsequently inserted. • The problem of
stenosis or re-stenosis of the stent can be largely prevented with
the help of a newly developed stent type. (s. fig. 16.15)

Indications: The indications are: (1.) bleeding from
oesophageal or gastric varices (acute, non-controllable
bleeding, prophylactic measures against rebleeding, var-
iceal embolization) (48, 63, 66, 94, 95, 117, 138, 142, 185), (2.)
relapsing haemorrhage in hypertensive gastropathy, (3.)
refractory ascites, (4.) Budd-Chiari syndrome, (5.) hepa-
togenic hydrothorax, (6.) hepatorenal syndrome, (7.)
portal thrombosis, and (8.) bridging the period of time
preceding liver transplantation. (70, 172, 174, 211)

Results: The results of this semi-invasive procedure are
convincing: successful insertion of a TIPS by an experi-
enced team could be achieved in 88�100% of cases,
with a survival rate of 85% after 1 year and 78% after 2
years. The frequency of rebleeding was lowered to about
10%. The functionality of the TIPS could be maintained
for 4 years. (138, 142, 211, 223)

Mortality: Mortality during the application of TIPS is
1%, early mortality within the first 4 weeks amounts to
approximately 2%, and in the case of an emergency
TIPS, the rate is about 20%.
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Complications: The application of a stent rapidly effects
the formation of pseudointima. Through increased
thrombosis development, this may even culminate in
stent occlusion (4�22%), which could cause rebleeding.
However, there is the possibility of placing a new stent.
The reported frequency of hepatic encephalopathy is
20�30%. Haemobilia was observed in 4�5% and liver
haematoma in 4% of cases. In view of such a high rate
of hepatic encephalopathy, the subclinical stage should
also be diagnosed (s. pp 203, 275) and systematically
treated until the time is appropriate for the implemen-
tation of a TIPS. (s. p. 278) During the following period,
all possible dietary and medicinal measures should be
taken to avert the frequent, albeit unexpected occur-
rence of serious hepatic encephalopathy.

The first liver transplantations after the positioning of a
TIPS were performed by E.J. Ring et al. (1992). (172)
Meanwhile, other good results have also been presented.
(138, 173) For transplantation purposes, a preceding
TIPS is of decisive advantage as compared to a conven-
tional shunt operation, since the extrahepatic vessels
and the liver hilus remain intact. Therefore, TIPS is the
method of choice when the time period preceding a
transplantation has to be bridged for patients with
stages Child B and C. (s. fig. 19.12)

3.7 Surgical treatment
As long ago as 1874, G. Banti attempted for the first time to
reduce the portal volume by means of splenectomy. In 1894 he
developed this procedure further by carrying out the simul-
taneous resection of the short gastric veins in order to cut off
the blood flow into the oesophageal collaterals. During the
course of the past 100 years, countless surgical procedures and
modifications for the treatment of portal hypertension and
bleeding oesophageal varices have been published.

� The tabular list presented here consisting of more
than 50 surgical procedures cannot be considered as
complete or even totally accurate. • These multiple and
ingenious efforts undertaken by surgeons to control the
most frequent and most life-threatening bleeding event �
bleeding from oesophageal varices with portal hyperten-
sion � are worthy of admiration and respect. • The diver-
sity of the methods might, however, also reflect critical
dissatisfaction on the part of the individual surgeon
with the clinical results hitherto achieved. • It is very
interesting to compare this tabular overview of the surgi-
cal treatment of bleeding oesophageal varices (s. tab.
19.7) with the list of operative approaches for eliminating
refractory ascites. (s. tab. 16.18)

3.7.1 Indications

Should it be necessary to consider surgical treatment for
acute gastrointestinal bleeding, the decision depends on
(1.) cause of bleeding in each case, (2.) bleeding intensity,
and (3.) possibility of surgical elimination of the source of
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bleeding. The decision for operative intervention is taken
in line with the following criteria:

1. Spurting arterial bleeding (Forrest Ia)
2. Volume replacement of > 2 litres/day without

definitive circulatory stabilization
3. Consumption of > 5�6 units of blood/day without

definitive haemostasis
4. Unfeasibility and inefficacy of conservative thera-

peutic measures in bleeding oesophageal varices or
in hypertensive gastroenteropathy

5. Elective surgery for the elimination of persistent
recurrent bleeding from oesophageal and fundus
varices (with strict adherence to the selection cri-
teria)

6. Ulcer patients with risk factors (initial Hb value
< 7 g/dl, Forrest stages Ib/II, signs of recurrent
bleeding)

7. Secondary prophylactic measure at the request of
the patient following objective presentation and
discussion of the prevailing findings

Close cooperation with the surgeon is imperative for
optimum treatment results in gastrointestinal bleed-
ing. (s. fig. 19.12)

3.7.2 Surgical methods

Of the many surgical methods used in the treatment of
bleeding oesophageal varices, only two groups are of
relevance: (1.) block surgery and (2.) pressure-reducing
shunt procedures. (s. tab. 19.7)

I. Nonsurgical methods

1. Local haemostatic methods
� Varicosclerosation (Crafoord, C., 1939)
� Tamponade with gauze and thrombin (Barnett, C.B.,

1949)
� Sclerosing of the oesophageal wall (Wodak, E., 1956)
� Transhepatic sclerosing (Lunderquist, A., 1974)

II. Surgical methods

1. Mediastinal tamponade
� upper and lower mediastinal tamponades (Som, 1947)
� gauze tamponade (Harlock, 1950)

2. Varicotomy
� total oesophagogastrectomy (Phemister, D.B., 1949)
� subtotal oesophagogastrectomy (Baranofsky, I.D., 1949)
� total small intestinal interposition (Meredino, K.A., 1950)
� total prosthetic interposition (Nachlas, M.M., 1956)
� total colon interposition (Koop, 1959)

3. Purse-string ligation of varices
� abdominal/thoracic/subdiaphragmatic (Henschel, C.,

1938)
� laparogastroscopic varicosclerosation (Lund, 1939)
� transthoracic/transoesophageal (Boerema, I., 1949)
� transabdominal (Welch, C.S., 1953)
� transthoracic/perioesophageal (Nissen, R., 1954)
� oesophageal dissection ligation (Vossschulte, K., 1957)
� transthoracic/oesophageal (Hartenbach, W., 1963)
� oesophageal dissection ligation (Boerema, I., 1967)
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4. Provocation of additional collaterals
� omentopexy (Talma, S., 1898)
� displacement of the spleen into the abdominal wall

(Holman, 1950)
� splenopneumopexy (Nylander, E.E., 1950)
� hepatopexy (Rousselot, L.M., 1959)
� transthoracic displacement of the spleen and pole

resection (Bourgeon, 1961)

5. Reduction in portal venous volume
� splenectomy (Banti, G., 1874)
� ligation of the left gastric artery and right gastro-

epiploic artery (Flerow, 1926)
� ligation of the hepatic artery (Berman, E.J., 1950)
� ligation of the splenic artery (Blain, A.W., 1950)
� small intestine resection (Laufmann, 1954)
� thoracic lymph fistula (Dumont, A.E., 1964)
� laterolateral lymphovenous anastomosis (Defni, M.,

1965)
� terminolateral cervical lymphovenous anastomosis

(Schreiber, H.W., 1968)

6. Interruption of afferent collaterals
� resection of the short gastric veins by splenectomy

(Banti, G., 1894)
� ligation and resection of the coronary vein of the sto-

mach (Rowntree, G., 1929)
� subcardia gastric dissection (Tanner, N.C., 1950)
� subtotal oesophageal resection (Cooley, D.H., 1954)
� oesophageal transsection (Walker, R.M., 1960)
� cardia reimplantation (Schmitt, W., 1963)
� submucosal transsection (Stelzner, F., 1963)
� circular subcardia gastric dissection (Schreiber, H.W.,

1964)
� decongestion of the oesophagus and stomach

(Hassab, M.A., 1967)
� two-stage oesophageal dissection (Sugiura, M., 1973)
� fundectomy (Hunt, H.A., 1964; Stelzner, F., 1975)
� subcardia staple suture (Rinecker, H., 1975)

7. Shunt operations
� Portacaval anastomosis

� end-to-side (Vidal, M., 1903; Whipple, A.O., 1945)
� side-to-side (Rosenstein, P., 1912)
� crossed (double end-to-side) form (McDermott,

W.V., 1960)
� interposition shunt (Sarfeh, I.J., 1986)

� Splenorenal anastomosis
� mesentericocaval side-to-end anastomosis

(Marion, P., 1953; Valdoni, P., 1954)
� laterolateral form (Cooley, D.A., 1954)
� distal form (Warren, W.D., 1967)
� end-to-end anastomosis (Hivet, M., 1967)
� proximal (central) form (Linton, R.R., 1974)

� Coronariocaval anastomosis (Gütgemann, A., 1961)
� Renomesenteric renosplenic anastomosis (Erlick, D.,

1964)
� Saphenoumbilical anastomosis (Piccone, V.A., 1967)
� Mesentericocaval side-to-side anastomosis (Maillard,

J.N., 1970; Moreaux, J., 1972)
� Mesentericocaval interposition shunt (Reynolds, T.B.,

1951; Drapanas, T., 1972)
� Splenocaval side-to-end shunt (Peiper, H.J., 1973)

Tab. 19.7: An overview of semi-invasive and surgical procedures
for bleeding oesophageal varices and portal hypertension in
chronological order (1874�1994). For reasons of simplification,
only the first authors are named in each case. (s. also tab. 16.18!)

1. Block surgery: This surgical measure stops the venous flow to
the bleeding oesophageal collaterals. The disadvantage is that por-
tal hypertension is not influenced, so that there is a possibility of
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the collaterals and varices reforming and hence a danger of recur-
rent bleeding (40�60%). However, block surgery also has major
advantages: (1.) it ensures rapid haemostasis, (2.) the duration of
surgery is relatively short, (3.) the strain imposed on the patient
by surgery is limited, (4.) the procedure is technically simple when
using a stapler suture, (5.) liver perfusion is maintained, and (6.)
there are no surgical problems with a subsequent shunt operation
or liver transplantation. • Consequently, block surgery is per-
formed as an emergency measure, particularly in cases of portal
thrombosis. This intervention is sometimes combined with splen-
ectomy. (s. tab. 19.7)

Oesophageal transsection, as with the two-stage technique (Sugi-

ura), and devascularization (Hassab, Paquet) have proved to be
most valuable in cases of severe oesophageal bleeding which can-
not be controlled by conservative measures. This is particularly
true of high-risk patients. Haemostasis is guaranteed, recurrent
bleeding is rare, and the frequency of encephalopathy is lower.
Block surgery must be followed by systematic prophylactic meas-
ures against relapse. The indication for an elective shunt operation
should be considered during the bleeding-free interval. Omepra-
zole and sucralfate have been used successfully in treating post-
operative ulceration. (102, 141, 153, 210)

2. Shunt operations: Anastomoses are created in the portosystemic
vascular area by way of this surgical method; they lead to a distinct
and persistent reduction in pressure in the total portal system. An
operative shunt is therefore the most effective method for attaining
haemostasis and for the prevention of recurrent bleeding. How-
ever, mortality is high: regarding the selective shunt, surgical
lethality is 4�16% and late lethality 21�52%, whereas the respect-
ive rates for the total shunt are 4�13% and 18�69%. Before per-
forming a shunt operation, indirect splenoportography and CT
portography are the major examination methods. No shunt oper-
ation should be performed with a Quick’s value of <40%. (119,
154, 158, 159, 212)

The classical form is the portacaval end-to-side anastomosis (lat-
erolateral), applied for the first time in a dog by N. W. von Eck

in 1877. Nevertheless, this was still a long way from clinical
applicability. Not until 1901 was a clinical attempt made by R.
Lenoir, yet without success. A renewed attempt to use this (end-
to-side) shunt procedure undertaken by M. Vidal (1903) proved
to be satisfactory. The first successful portacaval (side-to-side)
anastomosis was reported by P. Rosenstein in 1912. Extensive
clinical use of the portacaval shunt was encouraged by the
studies of A. O. Whipple and A. H. Blakemore (1945). • The fol-
lowing years saw the development of a large number of varying
shunt techniques and their modifications. (s. tab. 19.7)

� The complete shunt involves a total bypassing of the
portosystemic circulation. The liver blood flow is con-
fined to the hepatic artery. This category includes the
portacaval end-to-side shunt.

� The incomplete shunt only effects a moderate
reduction in pressure in the portal system, but residual
mesentericoportal hepatic perfusion is generally main-
tained, which can be seen as a great advantage. This
type of shunt includes: (1.) portacaval side-to-side, indi-
cated particularly in ascites, (2.) mesentericocaval inter-
position, (3.) portacaval interposition, (4.) laterolateral
(proximal) splenorenal side-to-side, and (5.) proximal
splenorenal end-to-side, with splenic extirpation.

Deterioration of liver perfusion may possibly be prevented by
arterialization of the portal vein stump (A. H. Hunt, 1952). Various
arterialization techniques, including those which are pressure-
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adapted, have been tried out (D. Burlui et al., 1968; J. N. Maillard et
al., 1970; U. Matzander, 1974; and others). • The technical advantages
of a mesentericocaval anastomosis can be seen in the simplified
access to the superior mesenteric vein and the easier decompen-
sation of the anastomosis in a liver transplantation later on.

� Disadvantages include the twofold anastomosis and the use of
a plastic vascular prosthesis with the associated higher rate of
thrombosis of 15�30%.

A selective decrease in pressure coupled with the simultaneous
maintenance of portal liver perfusion permits a distal splenorenal
anastomosis (Warren shunt). Decompression is then selectively
limited to the gastrosplenic tract. Yet, this low-pressure area can
only be maintained with an extensive surgical uncoupling of the
circulation area of the splenic vein from the portal vein. Complete
splenopancreatic disconnection comprising the left and right gas-
tric veins as well as the epiploic veins is therefore necessary. Bene-
fits include the much improved hepatic haemodynamics and the
preserved clearance function. However, this shunt is technically
more difficult and more time-consuming to implement, wide-
lumen vessels are required, and the rate of thrombosis can be as
high as 50%. Moreover, due to the use of new venous links to the
gastrosplenic area, the selectivity of the shunt is not guaranteed in
the long term. Splenoadrenal shunt utilizing a left adrenal vein is
deemed to be an excellent option in selected cases.

From a haemodynamic point of view, both the complete
and incomplete shunts are regarded as “complete
shunts” because they lower portal pressure and decrease
liver perfusion, albeit to varying degrees � depending
on the technique and on subsequent structural changes
to the liver or portal system. The portal perfusion rate
in cirrhosis is reduced on average to approximately 30%,
generally with arterial compensation and increased car-
diac output. Cirrhosis patients show a stagnating or
retrograde portal flow in 8�30% of cases. Shunt-associ-
ated deficiency of the hepatic blood flow would entail less
serious consequences than total (or near total) failure
of the liver as the major clearance organ.

3.7.3 Timing of shunt operation
When considering the ideal time point for a shunt oper-
ation, a distinction is made between (1.) emergency
shunt, (2.) early elective shunt, and (3.) elective shunt.

� The emergency shunt may be indicated in variceal bleeding that
cannot be controlled by conservative measures. It is either per-
formed as an immediate shunt, i. e. without previously attempted
sclerosing, or as a rescue shunt, i. e. after unsuccessful sclerotherapy
or ligation. Owing to the high rate of surgery-associated lethality
(approx. 40%), the emergency shunt is generally used as a rescue
shunt. With respect to this, the portacaval end-to-side shunt is the
most appropriate shunt form by virtue of its benefits: (1.) it is
technically more simple to perform, (2.) the duration of the oper-
ation is relatively short (60�90 minutes), (3.) haemostasis is
achieved rapidly, reliably and definitively, (4.) portal pressure is
lowered swiftly and persistently, and (5.) with regard to the emer-
gency situation, the surgical procedure is relatively well tolerated
by the patient. Perioperative mortality is about 10% in Child A,
20�30% in Child B and over 50% in Child C. Moreover, this shunt
entails the haemodynamic and functional late sequelae of a total
shunt. The selective distal splenorenal shunt has also proved useful
as an emergency measure, although the technique is more difficult
and time-consuming, with greater operative lethality. If these
emergency shunts are not feasible angiologically or for reasons
pertaining to surgical techniques, a machine-performed block
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operation or oesophagogastric decongestion with splenectomy
should be considered. (76, 112, 119, 125, 131, 152, 171, 200, 205,
212)

� An early elective shunt is created after initial haemostasis within
one or two days if there are major grounds for immediate operative
procedures. In principle, sclerotherapy or ligation should be con-
tinued for as long as possible, and thus early elective shunts are
only rarely indicated.

� An elective shunt should be considered in situations where no
definitive haemostasis was achieved (20�30% of cases) despite a
sufficiently long sclerotherapy period and where there is still a
danger of severe rebleeding. Here the choice of the most favourable
shunt procedure should be made with due consideration of the
individual case; there is no real answer to this issue, particularly
as regards the decision in favour of a total or selective shunt, since
the study data available can hardly be generalized (and are barely
comparable). However, preference is given to the distal renosplenic
shunt and the mesentericocaval interposition shunt. (53, 74, 131,
132, 154, 158, 159, 208, 212, 221)

3.7.4 Prognosis

The frequency of recurrent bleeding is 0�19% with
elective shunts and 53�75% with sclerotherapy. Yet it is
not possible to come to a universal decision in favour

Fig. 19.12: Flow diagram: thera-
peutic spectrum for acute upper
gastrointestinal bleeding, in-
cluding bleeding oesophageal
and gastric varices
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of a specific procedure. As a matter of principle, all pos-
sibilities to prevent relapse that are afforded by conserva-
tive procedures should be fully exhausted. (95, 104, 123,
163, 200)

Operative lethality can be reduced to about 10% and
the rate of recurrent bleeding to < 10%. With careful
internal treatment, the frequency of encephalopathy can
be substantially diminished to 5�10% (from the pre-
vious rate of 20�30%). The survival rate (between 2 and
10 years) is 80�40% and can be decisively influenced
by the patient’s lifestyle, particularly as regards alcohol
abstinence. Important selective criteria include: (1.) liver
blood flow between 1,000 and 2,500 ml, (2.) selective
portal blood flow of 15�40%, and (3.) timing of oper-
ation during the bleeding-free interval (elective) with
careful pre- and aftertreatment.

3.8 Liver transplantation

Liver transplantation is the only way of ensuring the
elimination of the underlying liver disease with portal
hypertension � and thus also the eradication of the pre-
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dominant and life-threatening complex of collateral cir-
culation with its recurrent incidences of bleeding. A
transplant operation is technically feasible both after a
TIPS and following block surgery. A mesentericocaval
shunt is the surgical procedure of choice when a trans-
plantation is planned at a later date. By contrast, the
distal splenorenal shunt entails problems with operative
techniques as well as haemodynamic difficulties. The
four-year survival rate of patients who merely under-
went sclerotherapy was 17%, whereas with an additional
transplantation at a later date, a frequency of 73% was
recorded. In appropriate cases, liver transplantation is a
well-established therapeutic measure, equally suitable
for the management of bleeding oesophageal varices.
(119, 173)

4 Lower gastrointestinal haemorrhage

Lower gastrointestinal haemorrhage shows a frequency
of 10�15%; some 3�5% develop in the small bowel.
Intestinal bleeding as a result of liver disease is rare.
The initial problem consists in the fact that (1.)
numerous and different causes of bleeding must be
clarified by differential diagnosis and (2.) severe blood
loss together with a concurrent liver disease is always
particularly hazardous.

4.1 Definition

In lower gastrointestinal haemorrhage, the bleeding
site is distal to the duodenojejunal ligament (Treitz’s
ligament) or the duodenojejunal recessus (i. e. the
passage of the duodenum retroperitoneally and its
transition to the intraperitoneal jejunum).

4.2 Forms

Lower gastrointestinal bleeding is subdivided into the
same forms as upper gastrointestinal bleeding: acute or
chronic bleeding, minor or major bleeding, arterial or
venous bleeding. (s. tab. 19.4) The intensity of bleeding
may vary between acute or even life-threatening bleed-
ing and chronic or occult loss of blood in the stools.
Acute bleeding lasts < 3 days. Occult bleeding is the
most common form � in fact, the screening of symp-
tom-free elderly people for occult blood in stools yielded
positive results in 3% of cases. As regards the nature
of bleeding, distinction must be made between melaena,
reddish-brown stool, haemochezia and occult bleeding.

Melaena (tarry stool) (s. p. 349) is defined as tarry,
sticky stools resulting from the decomposition of blood
by intestinal bacteria. The occurrence of melaena
depends on the amount of blood and the time of gastro-
intestinal passage. Usually, melaena is only to be
expected in lower gastrointestinal bleeding with a bleed-
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ing site in the upper part of the transverse colon. How-
ever, it may also be observed in the case of massive
bleeding from the upper gastrointestinal area. • Melaena
may likewise be simulated by the intake of iron (iron
preparations, black pudding), charcoal tablets, bismuth,
liquorice, blueberries, etc.

Reddish-brown stool is generally encountered in chronic
recurrent lower gastrointestinal bleeding, mostly below
the right part of the colon.

Haemochezia (bloody faeces) is defined as the discharge
of fresh blood or small blood clots in the stools. This
may be recognized as blood on the surface of a formed
stool (especially with bleeding from the rectal or anal
area) or admixture of blood in the stool (generally with
a bleeding site in the upper sections of the colon). Major
amounts of blood may greatly accelerate the gastroin-
testinal passage, which is why massive oesophageal or
gastric bleeding can appear as a form of haemochezia.

Occult blood is defined as traces of blood in the stool
which are not perceptible to the naked eye. Usually, the
passage of blood into the intestinal contents amounts
to around 2 ml/day. Proof of occult blood is obtained
by chemical testing (e. g. peroxidase reaction), although
it is only possible to detect amounts of blood in excess
of 1.5�2.0 ml/100 ml stool or to demonstrate them by
means of an immunological rapid diagnostic test with a
specificity of virtually 100%. The test usually comprises
three specimens collected at different points in time. (s.
p. 349)

4.3 Diagnosis

Lower gastrointestinal bleeding is less frequent than
upper gastrointestinal bleeding (15�20% vs. 80�85%).
Consequently, the presence of upper gastrointestinal
bleeding has to be excluded first � even in the case of
severe anal passage of blood and/or in cases of haemo-
chezia. (230, 238, 240, 247, 254)

Inspection: Inspection of the stool facilitates an initial
rough assessment of the nature of the gastrointestinal
bleeding.

Laboratory parameters: Like in the upper GIB, certain
parameters are initially important, such as haemogram,
haematocrit, blood group, coagulation values, electro-
lytes, plasma urea, creatinine, Allgöwer-Burri index. (s.
p. 349)

Rectal examination: Rectal examination by way of
inspection and palpation of the anus and rectum
(especially after straining) is imperative. The presence of
haemorrhoids should not be accepted as a potential
source of bleeding without further diagnostic clarifi-
cation.

Endoscopy: Fundamentally, we consider intestinal endo-
scopy (rectosigmoidoscopy, coloscopy, enteroscopy) to
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be the examination method of choice. With a massive
passage of blood, the examination is naturally very diffi-
cult; it requires optimum intestinal cleansing before and
during the examination as well as expertise in managing
the required techniques. Due to the multiplicity of the
potential causes of bleeding, endoscopy should always be
used as a primary diagnostic method. With the help of
push enteroscopy, it is possible to assess about 60 cm of
the proximal jejunum. In this way, previously undetected
sources of bleeding can be localized. (233) The so-called
wireless capsule endoscopy will improve endoscopic diag-
nosis of the small bowel considerably. The use of this cap-
sule is currently limited to clarifying cases of intermittent
bleeding. (228, 229)

Fig. 19.13: Colonic varices in alcohol-toxic cirrhosis

Scintigraphy: Scintigraphy (e.g. with 99mTc-labelled
erythrocytes) is the method of choice if endoscopy fails
because of severe discharge of blood or due to technical
difficulties, or if it yields no diagnosis. Amounts of
blood exceeding 0.05�0.12 ml/min. are demonstrable.
With an accuracy rate of 94%, the overall reliability is
higher than for angiography. One disadvantage is the
imprecise localization of the bleeding source. (230, 238,
254)

Angiography: Strong lower gastrointestinal bleeding can
also be confirmed and possibly localized (in up to 70%
of cases) by selective angiography of either the coeliac
trunk or the (superior or inferior) mesenteric artery. A
prerequisite condition for this is a bleeding rate in excess
of 0.5 ml/min. By using anticoagulants to provoke
bleeding, it was possible to raise the positive bleeding
rate from 32% to 65%. (239) Arteriography may also
contribute to the differential diagnosis of lower gastro-
intestinal bleeding (e. g. diverticular bleeding, vascular
anomaly, tumour). (230, 236, 238, 247, 254)

X-ray examination: An antegrade contrast-medium enema into the
small intestine might be indicated in the case of suspected bleeding
in this area. • A contrast X-ray of the colon using barium is only
indicated in isolated cases.
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All these diagnostic measures, when implemented
specifically and step-by-step, yield a reliability of over
90% in lower gastrointestinal haemorrhage.

4.4 Aetiology

Numerous diseases of the lower gastrointestinal tract
may be accompanied by bleeding. The aetiological spec-
trum is wide; the percentage frequency depends on the
age distribution of the respective patients. Men are more
frequently affected than women. At an advanced age,
diverticulosis (overall frequency of bleedings about 50%,
in old age about 40%) and angiodysplasia (overall fre-
quency 1�3%, in old age about 30%) as well as haemor-
rhoids are the primary causes of bleeding. Furthermore,
anal fissures, enterocolitis, polyps as well as benign and
malignant tumours are worthy of mention. • Among the
rare causes observed were proctitis, infections, para-
sitoses, endometriosis, collagenoses, congenital diseases
(e. g. Meckel’s diverticula, Osler-Rendu-Weber’s disease)
and mesenteric infarction. Some 80�85% of cases cease
spontaneously. Lethality is 2�3%. (230, 247, 255)

Lower gastrointestinal bleeding due to liver disease is
very rare. The sources of bleeding develop in the course
of portal hypertension. Intestinal erosions constitute the
predominant mucosal changes in portal hypertensive
vasculopathy in the gastrointestinal tract. They are usu-
ally responsible for the frequency of occult intestinal
bleeding in cirrhosis patients. (232, 245)

During portal hypertension accompanied by the devel-
opment of collaterals, varices also occur in the area of
the duodenum, small intestine, colon (242, 243, 245, 248)
and rectum. (231, 232, 234�236, 241, 250, 251) Very severe,
even life-threatening variceal bleeding may appear. (234,
237, 242, 249, 251, 252)

4.5 Therapy

The therapeutic measures for lower gastrointestinal
bleeding correlate with the basic therapy for upper
gastrointestinal bleeding with respect to volume replace-
ment, circulatory stabilization, restoration of the elec-
trolyte balance and intestinal cleansing.

Depending on the respective findings, endoscopic
sclerotherapy, the banding ligation of varices or the clip
technique (225) is carried out. (240, 251, 253, 255) The pres-
ence of portal hypertension is generally an indication
for drug-induced pressure reduction. This may be neces-
sary as a situation-related primary measure as well as in
the form of adjuvant treatment with endoscopic tech-
niques or the performance of TIPS. (231, 244, 246)

In the case of bleeding due to benign or malignant pro-
liferation as well as in upper gastrointestinal bleeding,
thermic haemostatic procedures are indicated.
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Medicinal therapy is similar to that used for upper GIB,
e. g. vasopressin, FFP, PPSB, fibrinogen (s. p. 351) and
octreotide. (248)

In cases of bleeding which cannot be stopped endoscop-
ically or conservatively, interventional radiology is indi-
cated before any surgical measures can be taken. Exact
localization of the source of bleeding is absolutely essen-
tial.
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Lémann, M., Bouhnik, Y., Valleur, P.: Erythromycin improves the qual-
ity of EGD in patients with acute upper GI bleeding: a randomized
controlled study. Gastrointest. Endosc. 2002; 6: 174�179

30. Cook, D.J., Guyatt, G.H., Salena, B.J., Laine, L.A.: Endoscopic ther-
apy for acute nonvariceal upper gastrointestinal hemorrhage: A
metaanalysis. Gastroenterology 1992; 102: 139�148

31. Fleischer, D.: Etiology and prevalence of severe persistent upper gas-
trointestinal bleeding. Gastroenterology 1983; 84: 538�543

32. Gevers, A.M., Goede, E.D., Momoens, M. Hiele, M., Rutgeerts, P.: A
randomized trial comparing injection therapy with hemoclip and with
injection combined with hemoclip for bleeding ulcers. Gastrointest.
Endosc. 2002; 55: 466�469

33. Gostout, Ch.J., Viggiano, Th.R., Balm, R.K.: Acute gastrointestinal
bleeding from portal hypertensive gastropathy: prevalence and clinical
features. Amer. J. Gastroenterol. 1993; 88: 2030�2033

34. Heyd, R.L., Solinger, M.R., Howard, A.L., Rosser, J.C.: Acute upper
gastrointestinal hemorrhage caused by gallstone impaction in the duo-
denal bulb. Dig. Dis. Sci. 1992; 37: 452�455

35. Kuntz, H.D., Burghof-Kozianka, G., May, B.: Upper gastrointestinal
bleeding and prognosis. Retrospective analysis of clinical findings.
Med. Welt 1986; 37: 970�972

36. Laine, L.: Multipolar electrocoagulation in the treatment of acute
upper gastrointestinal tract hemorrhage. A prospective controlled trial.
New Engl. J. Med. 1987; 316: 1613�1617

37. Lin, H.-J., Hsieh, Y.-H., Tseng, G.-Y., Perng, C.-L., Chang, F.-Y., Lee,
S.-D.: A prospective, randomized trial of endoscopic hemoclip versus
heater probe thermocoagulation for peptic ulcer bleeding. Amer. J.
Gastroenterol. 2002; 97: 2250�2254

38. Ma, C.K., Rosenberg, B.F., Wong, D., Behrle, K.M., Zonca, M.C.,
Ansari, M.R.: Gastric antral vascular ectasia: the watermelon stomach.
Surg. Pathol. 1988; 1: 231�239

39. Ohta, M., Yamaguchi, S., Gotoh, N., Tomikawa, M.: Pathogenesis of
portal hypertensive gastropathy: a clinical and experimental review.
Surgery 2002; 131 (Suppl.): 165�176
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20 Acute and chronic liver insufficiency

1 Definition

The term “liver insufficiency” denotes a breakdown in
the functions of the liver. The syndrome of functional
liver failure covers a wide spectrum of clinical, bio-
chemical and neurophysiological changes. In principle,
liver insufficiency can occur without previous liver
damage as well as with already existing liver disease. It
is characterized by a deterioration in the synthesizing,
regulatory and detoxifying function of the liver. This
final stage of liver disease terminates in hepatic coma.

2 Systematics

2.1 Partial and global insufficiency

Serious liver disease can affect the 12 main metabolic
functions of the liver, with their 60�70 even more import-
ant partial functions, to widely differing degrees. (s. tab.
3.1) The result is either global insufficiency or partial
insufficiency, each with very varied clinical and biochem-
ical symptoms. The failure of certain metabolic functions
is responsible to a greater or lesser extent for the develop-
ment and intensity of liver insufficiency. Impairments in
the functions of detoxification and protein metabolism
are particularly significant in this respect.

2.2 Compensation and decompensation

The compensated stage does not usually display any
signs of liver insufficiency (except possibly jaundice),
nor are there any typical ailments. Functional param-
eters that can be quantified in routine laboratory tests
(such as cholinesterase, albumin, Quick’s value, bile
acids) may still be normal or only minimally impaired
in the individual instance. In contrast, liver tolerance
tests (galactose, indocyanine green, etc.) demonstrate a
reduction of liver function which is already quite con-
siderable.

The decompensated stage, i. e. manifest liver insuffi-
ciency, can present as cellular decompensation (e. g. in the
case of acute liver failure due to toxic or inflammatory
mass necrosis) or be expressed only in the form of portal
decompensation (e. g. in cases of postsinusoidal intra-
hepatic portal hypertension). • As a rule, chronic liver
insufficiency is accompanied by a combined decompen-
sation with a loss in function of the liver cells and, at
the same time, the sequelae of portal decompensation
(collateral varicosis, encephalopathy, ascites, hepato-
renal syndrome, variceal bleeding). (see chapters 15�19
and 35)
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2.3 Acuteness and chronicity

Depending on the time period involved in the course of
the disease, acute liver failure without pre-existing liver
disease can initially be differentiated by massive liver
cell disintegration due to a variety of causes. • In con-
trast, chronic liver insufficiency with pre-existing liver
disease is mostly found in advanced liver cirrhosis with
a progressive loss of function. • A sudden necrotising
episode is also able to precipitate the change from
chronic and still compensated liver insufficiency into
acute liver failure (“acute on chronic”) in the same way
that acute liver failure which has been overcome can
develop into chronic liver insufficiency.

2.4 Hepatic coma

Hepatic coma can be subdivided according to its aeti-
ology as follows: (1.) hepatocyte disintegration coma (�
endogenous coma as a result of the loss of parenchyma),
(2.) liver cell failure coma (� exogenous coma as a result
of metabolic disorders, almost always in the presence of
cirrhosis), (3.) electrolyte coma (� so-called “false”
coma due to dyselectrolytaemia, almost always iatro-
genic), and (4.) mixed forms of coma. (s. pp 214, 276,
381) (s. tab. 15.5)

3 Acute liver insufficiency
� J. W. Morgagni (1761) was probably the first to describe acute
yellow atrophy of the liver, i. e. hepatic coma. Acute liver failure
can be seen as identical to the “acute yellow atrophy” described
by K. Rokitansky in 1842. This acute and severe clinical picture
was subsequently termed “bilious dyscrasia” (P. J. Horaczek,
1844), “icterus gravis” (C. Ozanam, 1849), “acholia” (F. Th.
Frerichs, 1858), “hepatolysis” (R. Ehrmann, 1922), “hepatodys-
trophy” (G. Herxheimer, 1935) or “liver dystrophy” (R. Böhmig,
1949). The terms “hepatargia” (H. I. Quincke, 1899) and “hepatic
coma” were used to denote the final stage, which usually sets
in at the end of acute or chronic liver failure. • Acute liver
failure in the course of acute viral hepatitis was termed “fulmi-
nant hepatitis” by W. Lucké et al. (1946), who also defined a sub-
acute form with a less severe course. (35)

3.1 Definition

Acute liver failure (ALF) is defined as an acute clin-
ical picture with jaundice due to a most severe disor-
der in the liver function and/or massive liver cell
necrosis which, without any pre-existing liver disease,
culminates in hepatic coma (� endogenous coma)
within 8 weeks. Potentially, the condition is fully
reversible (C. Trey et al., 1970). • In addition, coagulo-
pathy must also be present (D.F. Schafer et al., 1989).
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Courses of disease

Clinically, there are three different courses of disease
following the onset of jaundice: (1.) fulminant or hyper-
acute liver failure (� occurrence of hepatic encephalo-
pathy in the 1st week), (2.) acute liver failure (� occur-
rence of hepatic encephalopathy between the 2nd and 4th

week), and (3.) subacute liver failure (� occurrence of
hepatic encephalopathy between the 5th and 8th week).
• Surprisingly, however, it could be shown that 30�40%
of the hyperacute forms survived in spite of the develop-
ment of hepatic coma and cerebral oedema. As opposed
to this, the subacute forms displayed a survival rate of
only 10�20%, despite a lower frequency of cerebral
oedema and better liver function. (s. tab. 20.1)

Hyperacute Acute Subacute
liver failure liver failure liver failure

Encephalopathy �� �� ��
Duration of 0�7 8�28 29�72
icterus in days
Cerebral oedema �� �� (�)
Quick’s value � �� �
Bilirubin N-� �� ��
Prognosis favourable poor poor
Survival rate 30�40% 5�10% 10�20%

Tab. 20.1: Characteristics and prognosis of acute liver failure and
its subtypes (modified according to J. G. O’Grady et al., 1993)
(N � normal)

3.2 Morphology

In the pathological-anatomical context, hepatomegaly
due to hyperaemia is often found at the outset. During
the further course of disease, this can develop into liver
atrophy as a result of parenchymal loss.

� Histologically, acute liver failure shows a wide range of unchar-
acteristic changes. (1.) Depending on the underlying cause, the
morphological picture of acute necrotizing hepatitis can be wit-
nessed with extensive confluent cellular destruction. The extent of
necrosis, measured by way of the morphologically evidenced
hepatic volume fraction of the still functioning liver parenchyma,
yields relatively reliable information on the chance of survival (J.
Scotto et al., 1973). Given a normal value of 85% hepatic volume
fraction (HVF) of intact liver cells for each volume unit of the
total liver, a decrease to <30% (threshold 28�35%) would possibly
mean that the patient is unlikely to survive. (2.) In acute liver
failure caused by toxins or hypoxia, massive fatty degeneration of
the hepatocytes can vary substantially. In diffuse fatty degener-
ation featuring minute vacuoles and damage to the organelles, liver
cell necrosis cannot, as a rule, be detected (e. g. acute fatty liver
during pregnancy, Reye’s syndrome, in association with tetracy-
cline or valproic acid). (3.) Between these two “classical” morpho-
logical manifestations, there are also compound forms, i. e. courses
of disease with a variety of histological changes of different inten-
sities and combinations. On occasions, it is also possible to identify
histological findings which point to a certain cause of the disease.
(40, 57)

From a morphological point of view, acute liver failure is
potentially reversible, so that even complete regeneration
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can be attained. Precursory cellular necrosis is hence less
of a determinant than the capacity to regenerate.

There have been reports on the transition from virus-
induced acute liver failure to chronic hepatitis. As the
final stage of fulminant viral hepatitis (also known as
acute liver dystrophy or submassive hepatitic necrosis),
a postdystrophic scarred liver (“potato liver”) can de-
velop. (s. fig. 35.14) Cicatricial distortions with a con-
tinuing effect, regenerative processes, intrahepatic vas-
cular disorders and hypoxia-related damage lead to the
conclusion that a posthepatitic, postdystrophic scarred
liver may well be a special form of cirrhosis.

Neither the functional state of liver insufficiency nor
hepatic coma can be recognized histologically.

3.3 Pathogenesis

The common target structures for the various causes of
acute liver failure are usually the cellular and subcellular
biomembranes of the hepatocytes. Among other things,
any damage to these biomembranes causes a massive
inflow of calcium into the liver cells, which results in
a severe disorder of the cell milieu and ultimately in
cell death.

In cases of oxygen deficiency, the oxidative stress is mainly local-
ized in the extracellular spaces. This is where the Kupffer cells and
neutrophils are involved in complex self-stimulating mechanisms,
which can lead to the formation of inflammatory mediators and
cytotoxic substances. • An important pathogenetic aspect is the
extent of the “priming effect”, which generally results in the
increased production of oxygen radicals. The complex process of
lipid peroxidation likewise effects massive liver cell damage in the
form of self-perpetuation. • Excessive immunological reactions,
which occur in acute liver failure due to viral hepatitis, halothane
hepatitis, etc., are of great significance. There are also isolated
cases in which biotoxometabolites are produced and may act as
neo-antigens. (s. fig. 3.11)

� Consequently, severe damage to liver cells and wide-
spread necrosis are usually the result of a network of
altered cellular and humoral reactions, which for their
part are often the initial cause of acute liver failure due
to their synergistic and interactive effects (H. Popper et al.,
1986). Systemic reactions are responsible for the fact that
other organs and functional sequences are equally
affected, thus creating a wide spectrum of clinical find-
ings and complications.

3.4 Frequency and causes

Acute liver failure is a rare occurrence. It is estimated
that approx. 5 cases are found out of 6,000 hospital
admissions (in the USA a total of ca. 2000 patients per
year, in Germany ca. 150). However, there can be wide
variations in frequency due to the effect of regional dif-
ferences on the individual aetiology of this disease. The
causes of acute liver failure are numerous and multi-
form. Diabetes mellitus is an extremely high risk factor
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in this respect. • Primary or secondary hepatitis viruses
are deemed to be a frequent cause, although there are
regional and individual variations (e. g. drug depend-
ence, pregnancy) with regard to the predominant virus
type. • A further common cause (ca. 20%) are medica-
ments (particularly paracetamol often taken with suici-
dal intent, and halothane), followed by mycotoxins,
alcohol and carbon tetrachloride (such as can be found
in cleaning agents or solvents, and also with “glue snif-
fers”), heat-stroke (up to 10% of cases), Ecstasy, and
vascular diseases. (8, 13, 66, 77) (s. tab. 20.2)

1. Primary hepatotropic viruses
HAV (0.2�0.3%) (6, 37), HBV (1�2%) (6, 39, 59, 65, 81),
HCV (ca. 1%) (30, 65, 67, 80), HDV superinfection
(ca. 20%), HEV (10�20%) (6, 30), HBV mutants, HCV �
HAV (30�40%) (70)

2. Secondary hepatotropic viruses
adenoviruses, Coxsackie (73), cytomegaloviruses, Epstein-
Barr (20), herpes simplex (type 1,2) (69), herpesvirus-6 (1),
parainfluenza virus, paramyxoviruses, parvovirus B19,
varicella zoster virus, yellow fever, dengue fever

3. Bacteria and parasites
leptospira, listeria (68), malaria, M. tuberculosis (25, 29),
rickettsia

4. Chemical substances
carbon tetrachloride (52), chloroform, nitropropane (26),
trinitrotoluene, yellow phosphorus (s. tab. 30.3)

5. Fungal poisons
Amanita phalloides (27, 48, 109, 120), lepiota (49)

6. Toxins
B. cereus emetic toxin, microcystins of cyanobacteria

7. Medicinal agents
allopurinol, amiodarone, antiretroviral agents,
carbamazepine, cotrimoxazole (3), cyproterone, dapsone,
didanosine, disulfiram, Ecstasy (110, 113), enflurane,
flutamide, glitazone, gold, halothane, hydroxychloroquine,
interferon, isoflurane, isoniazid, kava-kava, ketoconazole,
lisinopril, methotrexate, methyldopa, mono-amine oxidase
inhibitor, nilutamide, nimesulide, ofloxacin, omeprazole,
paracetamol, phenhydane, phenothiazine, phenytoin,
pirprofen, propylthiouracil, rifampicin, sulphasalazine,
tetracycline, valproic acid. (s. tab. 29.4)

8. Alcohol
9. Metabolic causes

acute fatty liver in pregnancy (44), α1-antitrypsin
deficiency, erythropoietic protoporphyria, hereditary
fructose intolerance, galactosaemia, HELLP syndrome,
Reye’s syndrome, tyrosinaemia, Wilson’s disease

10. Ischaemia
Budd-Chiari syndrome, heatstroke, ligature of the hepatic
artery, shock liver, veno-occlusive disease

11. Malignant infiltration
leukaemia (4), massive formation of metastases,
Hodgkin’s disease (16), melanoma, non-Hodgkin’s
lymphoma (5, 54, 78), renal cell carcinoma (19),
hepatocellular carcinoma (36)

12. Autoimmune hepatitis (43)
13. Septic cholangitis
14. Heart failure (75)
15. Jejuno-ileal bypass (12)

Tab. 20.2: Various causes of acute liver failure (with some
references)
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Paracetamol: The first report on acute liver failure due
to paracetamol poisoning was published in 1966 (D.G.D.
Davidson et al.). Due to induced CYP II E2, paracetamol
is metabolized to the extremely reactive molecule N-ace-
tyl-p-benzoquinone-imine (NAPQI). This binds cova-
lently to cellular proteins. A small amount of NAPQI is
neutralized by glutathione; however, with a larger quan-
tity of NAPQI (following an intake of > 10 g paraceta-
mol), the hepatic glutathione supplies are used up, so
that the NAPQI becomes highly toxic. (s. fig. 20.3)
There is hence a direct correlation between the degree
of glutathione consumption and the severity of liver cell
damage. The loss of glutathione can be compensated
by i.v. administration of the glutathione precursor N-
acetylcysteine. (s. p. 383)

Amanita phalloides: Mycotoxins, especially α-amatoxin,
are extremely hepatotoxic as a result of the inhibition
of mRNA polymerase B and the blocking of RNA syn-
thesis. The lethal dose is approx. 0.1 mg amatoxin/kg
BW (1�3 fungi � 10�50 g), depending on the patient’s
age and state of health as well as the respective degree
of intestinal absorption and diffusion in the tissue. The
heat-resistant mycotoxins (amanitines) are capable of
enterohepatic recirculation. (s. pp 383, 571)

3.5 Clinical findings

The overall picture of acute liver failure is first and fore-
most determined by the clinical findings. The symptoms
are dramatic and subject to swift change. The course of
disease can advance within a matter of days or, in a
subacute form, take several weeks. (7, 8, 13, 56, 60, 66, 77)

General symptoms: The acute clinical picture develops
swiftly with conspicuous symptoms, such as fatigability,
loss of appetite, nausea, weakness, lassitude, meteorism,
apathy and disruption of the circadian rhythm.

Encephalopathy: Rapidly, often within 1 or 2 days, there
is evidence of dysarthria, muscle tremor, finger tremor,
lack of concentration and asterixis. Restlessness, hyper-
kinesis and hallucinatory experiences are evident. Even
screaming attacks have been observed. These symptoms,
which can still be classified under stages I and II, are
fully reversible. Nevertheless, lethality of 30�35% must
be anticipated in stage II. In contrast, stage III is clearly
less reversible. Somnolence, stupor with confusion, devi-
ant behaviour, hyperreflexia, Babinski’s reflex, clonus
and spasticity as well as nystagmus are now observed.
There is usually still a response to acoustic stimuli. The
EEG shows a slowing down of basic activity (0.5�3.0/
sec.) together with mainly biphasic and triphasic poten-
tials. Lethality rises to over 50%. In stage IV, the patient
is in a deep coma. There is evidence of areflexia, an
absence of any corneal reflex and loss of tonicity; the
brain waves flatten out to an isoelectric line. Irrespective
of therapy, lethality is 80�90%. (s. tab. 15.5)
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Cerebral oedema: As from coma stage III, cerebral pres-
sure can increase (75�80% of cases) owing to water reten-
tion and/or vasodilation with hyperaemia, yet with a sub-
sequent reduction in cerebral perfusion and hypoxia.
Intracranial cerebral compression is > 20 mm Hg. Cere-
bral oedema is vasogenetic and/or cytotoxic, the latter
feature appearing to predominate. Clinical symptoms
include disorders in the respiratory rhythm (in particular
tachypnoea), hypertension and bradycardia as well as
increased muscular tonus. Singultus suggests damage to
and impending constriction of the brain stem. The pupils
are dilated due to the pressure on the oculomotor nerve.
Occasionally, chemosis develops, which is a fatal prog-
nostic sign. (2) Intracranial blood circulation sinks
rapidly. In 30�60% of cases, cerebral oedema is fatal. (10,
11, 38, 62, 64, 74, 76)

Jaundice: With the foudroyant disintegration of liver
cells, a comatose condition can set in within a few
hours, even before jaundice is identified. In most cases,
however, jaundice is already present. The intensity and
time of onset vary. Severe jaundice (> 20 mg/dl) is con-
sidered to be a poor prognostic sign.

Hepatic foetor: The sweet aromatic smell of the exhaled
breath (mercaptan derivatives) is accepted as a reliable
sign of acute liver failure, but it is not always present.
The administration of poorly absorbable antibiotics
(e. g. paromomycin) usually improves the condition of
hepatic foetor or even eliminates it temporarily. (s. pp
87, 267)

Fever: Fever often occurs; for the most part, it remains at
38 °C, but septic temperatures are possible. • In some
cases, this may well be a question of aetiocholanolone
fever, whereby aetiocholanolone can also be quantified in
the serum. • Bacterial infections are likewise a cause of
fever and require appropriate treatment. Toxins may also
be responsible for the febrile condition (tissue toxins,
endotoxins). (s. p. 738)

Liver size: The liver may have normal size or it can be
enlarged due to hyperaemia or massive fatty infiltration.
A rapid shrinking of the liver to less than 1000 ml in
volume (“dystrophy”, “acute atrophy”) � requiring
sonographic or CT monitoring at the bedside � is
deemed to be a poor prognostic sign.

3.6 Laboratory parameters

At present, there is no specific laboratory investigation
which facilitates the diagnosis of acute liver failure. In
view of the severity of this clinical picture, there are,
however, a number of laboratory parameters which
show marked pathological changes and thus require full
diagnostic clarification. Activin A serum levels were ele-
vated, especially in patients with acute liver failure, due
to a paracetamol overdose. This did not affect the final
outcome, but was possibly a factor in the inhibition of
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liver regeneration. Serum follistatin was also increased
in patients with fulminant liver disease. (28) Further-
more, the laboratory values allow an assessment of the
complications involved and an evaluation of the progno-
sis. (7, 8, 13, 14, 56, 60, 66, 77)

� Various laboratory values are indicative of severe
complications and thus considered to be criteria point-
ing to a poor prognosis. (s. tab. 20.3)

Decrease in cholinesterase <500 U/l
Decrease in factor V <20%
Fall in Quick’s value <20%
Group-specific component protein <34 µg/ml
Hyperkalaemia due to renal failure
Hypoalbuminaemia <2.5 g/dl
Hypocalcaemia due to pancreatitis
Hyponatraemia <120 mval/l
Hyponatriuria <10 mmol/l
Lactatacidosis >3.5 mmol/l
Phosphataemia >2.5 mg/dl
Rapid drop in transaminases subnormal values
Rise in bilirubin over 20 mg/dl

Tab. 20.3: Criteria for a poor prognosis in acute liver insufficiency

1. GPT, GOT, GDH, LDH: These enzymes are greatly elevated in
accordance with cell destruction (GOT � GPT). A decrease in
enzyme values during the further course of disease can be a sign
of regressing cell necrosis, marked parenchymal loss or a disorder
in enzyme synthesis. A rapid drop in the initially elevated enzyme
values is considered to be an unfavourable prognostic sign.

2. Bilirubin: Serum bilirubin shows a pronounced and varied
increase, although the conjugated bilirubin does not rise at all, or
only minimally, since uptake and conjugation remain intact for a
considerable period of time.

3. Quick’s value: A drop in the coagulation factors II, V, VII, IX and
X is a reliable indicator of the still remaining liver function. Factor
VIII increases. With massive liver cell destruction, a dangerous
decrease in factors V and VII is witnessed within 1 or 2 days (corres-
ponding to the half-life of the factors) together with a reduction in
Quick’s value and Colombi’s index (<60�80%). (45, 47, 71) (s. p.
105)

4. Cholinesterase: During the further course of disease, cholin-
esterase decreases in relation to its longer half-life and likewise
allows a reliable assessment to be made of the remaining liver func-
tion. (s. p. 103)

5. Electrolytes: There is evidence of hyponatraemia (� dilutional
hyponatraemia or reinforced natriuresis) as well as hypokalaemia
(� inadequate supply, intensified kaliuresis, outflow of potassium
into the body cells due to i.v. glucose infusions). The serum values
of magnesium, phosphate and zinc are also lower as a rule.

6. Group-specific component protein: This substance (� α2-globu-
lin) is synthesized in the liver and binds actin. GCP is released
upon hepatocyte decay; its pronounced reduction in the serum
results from the decrease in synthesis in acute liver failure.

3.7 Complications

� The course taken by acute liver failure varies in each
case as a result of the respective complications, which
also decidedly worsen the prognosis. Close-meshed and
targeted laboratory investigations can usually identify
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complications early enough, so that successful therapy
might still be possible.

Coagulation disorders: Some 35�55% of patients with acute liver
failure are in danger of suffering from serious gastrointestinal
bleeding. Extensive cutaneous haemorrhages also occur frequently.
In addition, disseminated intravascular coagulation (DIC) some-
times develops. As a result, bleeding and coagulation disorders
number among the most frequent causes of death (20�25%).
Pathophysiology is based on the diminished synthesis of coagula-
tion and fibrinolysis factors and inhibitors as well as a decrease
in the breakdown of activated factors, a functional disorder of
thrombocytes or thrombopenia, and latent consumptive coagulo-
pathy. It is of great help to determine PTT and factor V. A high
level of the thrombin-antithrombin III complex (TAT) points to a
poor prognosis. The simultaneous development of portal hyperten-
sion in individual cases promotes a tendency towards nasopharyn-
geal and gastrointestinal bleeding. (47, 71)

Renal failure: In about 50% of patients with acute liver failure,
renal insufficiency develops. This can be expressed in three forms:
(1.) prerenal kidney failure due to hypovolaemia, (2.) acute tubular
necrosis, mainly secondary as a result of circulatory hypotension
with cylindruria, a higher concentration of sodium in the urine
(50�70 mmol/l) and a reduced urine creatinine/serum creatinine
quotient (<20) or urine urea/serum urea quotient (<3), or (3.)
hepatorenal syndrome. (41) (s. tab. 17.3)

Respiratory insufficiency: In general, respiratory alkalosis (pCO2 <
30 mm Hg, pH > 7.5) is initially present, triggered by intensified
respiration and tachypnoea. Despite this hyperventilation, there is
evidence of hypoxia, which is largely due to a disorder in oxygen
diffusion. The causes for this are microthromboses, interstitial for-
mation of oedema and increased peripheral vasotonia. Central
biochemical mechanisms together with an inadequate cerebral
blood circulation as a result of a reduction in pCO2 reinforce the
respiratory insufficiency. Approximately 80% of patients in coma
stages III and IV require artificial respiration. A total collapse of
the pulmonary function can be occasioned by pneumonia (ca. 50%
of cases) as well as by the leakage of fluid and/or bleeding in the
lung area.

Acid-base disorders: Initial metabolic alkalosis (resulting from
decreased urea synthesis with reduced bicarbonate consumption)
may be superimposed by respiratory alkalosis as an outcome of
disorders in lung function. During the further course, metabolic
acidosis (with renal insufficiency) and respiratory acidosis (with
pulmonary insufficiency) can be expected. In advanced or severe
stages of the disease, lactate acidosis may develop in some 50% of
all comatose patients owing to restricted gluconeogenesis.

Circulatory disorders: In general, acute liver failure is initially
accompanied by hyperdynamic circulation. During the further
course, approx. 80% of patients develop hypotension, which above
all results in a considerable reduction in hepatic, cerebral and renal
perfusion. At the same time, peripheral vasodilation is usually wit-
nessed. Bradycardia, generally resulting from cerebral oedema,
worsens the cardiovascular conditions and is considered to be a
poor prognostic sign. Ultimately, the patient does not respond to
volume expansion and catecholamines.

Hypoglycaemia: In 25�40% of cases, hypoglycaemia develops and
can all too easily be overlooked. The cause is seen to be a reduced
glycogen content in the liver, diminished glycogen synthesis and
gluconeogenesis as well as hyperinsulinaemia due to reduced
degradation of insulin in the liver. (21) It is often difficult to elim-
inate such hypoglycaemia, even with i.v. glucose infusions. •
Furthermore, there is a danger of hypokalaemia and even
hypophosphataemia, necessitating phosphate substitution with con-
tinuous monitoring of the serum values of phosphate and calcium
(reactive hypocalcaemia is dangerous).
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Pancreatitis: The frequency of hyperamylasaemia is reported to
be 55% of patients with acute liver failure; in 20�30% of cases,
pancreatitis could be identified clinically and sonographically. The
cause is multifactorial.

Infections: Because of their greater susceptibility, about 80% of
patients with acute liver failure are subject to the threat of bacterial
infection, which in 10% of cases is also the reason for their death.
The typical signs of an infection, such as fever or leucocytosis, are
often absent. However, increased levels of procalcitonin (>0.58 ng/
ml) are deemed to be a valid marker of bacterial infection. The
respiratory tract and the urinary passages are most frequently
affected. Regular bacteriological examinations (sputum or urine as
well as catheter after removal) should therefore be carried out.
Haemocultures have to be checked for both aerobians and anaero-
bians. Multiple serological tests may be necessary for aetiological
clarification. There is also a risk of fungal infections. (50)

3.8 Prognosis

The survival rate in acute liver failure is given as
10�40%. This rate varies widely owing to a number of
reasons. There is a better prognosis for poisoning from
paracetamol or Amanita phalloides, for example, since
successful therapy procedures have already been estab-
lished for these forms of intoxication. Younger patients
(10 to 40 years of age) generally have a better prognosis.
This also applies to HAV infection. A poor outcome can
be expected in Wilson’s disease or Budd-Chiari syn-
drome and in coma stages III and IV (lethality over
80%) due to the development of complications (in par-
ticular bleeding, renal or respiratory insufficiency, infec-
tion) � especially with younger (< 10 years) or older
patients (> 40 years). Acute liver failure which is due to
halothane, the application of various medicaments or
viral hepatitis (delta superinfection, HEV in pregnancy)
likewise has a less favourable prognosis. • Laboratory
parameters such as serum bilirubin, coagulation factors
(PTT, factor V, Quick’s value), galactose test and cholin-
esterase have proved to be most helpful in assessing the
course of disease, the liver function and hence the prog-
nosis. (14, 18, 23, 42, 45, 57, 60, 77)

3.9 Regeneration

The regenerative ability of the liver is of utmost im-
portance for overcoming such a severe disease. (40)
After a regeneration period, an intact cell mass
(hepatic volume fraction) of > 45% is required for
survival. (40) Various factors are indicative of good
regeneration: rising values of α1-foetoprotein (and also
γGT), HGF, EGF, THFα, TNFα and interleukin-6 as
well as a decline in serum phosphorous levels. (14)
It was possible to improve regeneration by means of
hepatotropic substances, such as insulin and glucagon
(G. Starzl et al., 1975), so that these substances are also
referred to as “goodies” for the liver (S. Sherlock, 1976).
Subsequent investigations proved to be contradictory.
(24, 79) An increase in the regeneration rate of the
liver cells can possibly be achieved either by hepatic
arterial infusion of PGE1 (55) or by silymarin through
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stimulation of RNA synthesis (J. Sonnenbichler et al.,
1976). (s. pp 40, 867) (s. fig. 3.5)

4 Chronic liver insufficiency

4.1 Definition

Chronic liver insufficiency is due to the progression of
an already existing chronic liver disease. This generally
tends to be advanced cirrhosis of varied aetiology.
Basically, however, any liver disease can be a poten-
tial cause of chronic liver insufficiency. Alcohol and
infections as well as certain medicaments are also
deemed to be common causes. A great number of
substances and events can trigger liver insufficiency.

The clinical picture of chronic liver insufficiency com-
prises both a compensated and decompensated form.
These two stages of manifest chronic liver insufficiency
affect the hepatocellular area or the portal system either
exclusively or predominantly (� cellular or portal com-
pensation or decompensation); mostly they occur as a
combined form of disease. The resulting spectrum of
clinical and laboratory findings will reflect either a
global or partial insufficiency of the liver. (s. p. 376)

4.2 Clinical findings

General manifestations of the disease: The clinical pic-
ture of chronic liver insufficiency is characterized by
general symptoms such as fatigue, apathy, lack of appe-
tite, lack of concentration, infirmity, sensation of reple-
tion and meteorism.

Clinical findings: Organ-related so-called “minor signs”
of liver insufficiency can be observed over a certain
period of time. (s. tab. 20.4)

1. Gastrointestinal tract
� meteorism

2. Dermis and mucosa
� itching
� skin stigmata of liver disease
� tendency to “bruise”
� nasal haemorrhage and ulorrhagia
� tongue changes

3. Stools
� intermittent acholic stool

4. Urine
� intermittent dark urine

5. Changes in the blood count
� anaemia � thrombopenia
� leucopenia � macrocytosis

6. Fever
7. Splenomegaly
8. Endocrine disorders

Tab. 20.4: So-called “minor signs” of chronic liver insufficiency
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� Increasing and constant meteorism (“first the wind
and then the rain”) and intermittent characteristic
changes in the colour of stools and urine are distinct
signs of impending insufficiency. The “blossoming” of
spider naevi or an intensification of palmar erythema as
well as tongue changes (e. g. the transition of the moist
“scarlet tongue” into a dry “raspberry tongue”) are
often observed. Obvious features of the blood count are:
anaemia (due to bleeding of the skin or mucosa, folic
acid deficiency, reduced erythrocyte survival time) and
thrombopenia (due to consumptive coagulopathy, dilu-
tional thrombopenia with plasma dilution, immuno-
thrombopenia, sequestration in splenomegaly and toxic
inhibition of the bone marrow).

4.3 Decompensation

Decompensation in chronic liver insufficiency is char-
acterized by the development of severe, life-threatening
complications:

1. Ascites and oedema
2. Coagulopathy and bleeding
3. Hepatic encephalopathy
4. Hepatorenal syndrome
5. Hepatopulmonary syndrome
6. Reduction in liver functions

4.3.1 Reduction in liver functions

Of particular significance is the serious impairment of essential
tasks performed by the liver such as the detoxification function
(ammonia detoxification, biotransformation, radical scavenger
function, clearance abilities of the RES, etc.), the synthesis of vital
proteins and the regulation of biochemical systems and substances
� these are considered to be precursors of complicative develop-
ments. Any insufficiency of bilirubin metabolism is reflected in
increasing jaundice, likewise deemed to be an unfavourable sign
with respect to prognosis.

4.3.2 Hepatic encephalopathy

The term hepatic encephalopathy (HE) describes the entire field of
neuropsychiatric symptoms which can be found in patients suffer-
ing from acute or chronic liver disease. The term portosystemic
encephalopathy (PSE) stresses the presence of portosystemic
shunts, which are as a rule associated with liver cirrhosis. • Hepatic
coma (in stages III and IV) is the ultimate and total loss of con-
sciousness (coma � deep, sound sleep). In clinical terms, 4 (or 5)
stages can be defined, but the latent or subclinical stage as well as
stages I and II may progress so rapidly that only the comatose final
stage is actually witnessed. Generally, chronic liver insufficiency is
seen as a liver failure coma, i. e. exogenous coma. Recurrent
hepatic encephalopathy points to the existence of a chronic liver
disease, particularly liver cirrhosis. Serum levels of TNF correlates
positively with the severity of HE. (see chapter 15)

4.3.3 Ascites and oedema

Ascites and oedema are also found in severe hepatic diseases, point-
ing to serious disorders in the water and electrolyte metabolism.
These complications are signs of decompensation in liver cirrhosis
or chronic liver insufficiency. At the same time, pleural effusion
may also be evident. Cirrhosis-related pleural effusion without
concomitant ascites has been described as a rarity. (see chapter 16)
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4.3.4 Hepatorenal syndrome

All liver diseases resulting in liver insufficiency can also give rise
to the hepatorenal syndrome. This syndrome is most frequently
found in decompensated liver cirrhosis (“renal insufficiency in the
terminal stage of cirrhosis”). It involves massive vasoconstriction
of the renal cortical vessels with a critical drop in the glomerular
filtration rate (urine production < 500 ml/day, possibly developing
into anuresis). At the same time, systemic vasodilation and hyper-
dynamic cardiac function are generally witnessed. The survival
time is very short. Lethality is approx. 95%. (see chapter 17)

4.3.5 Coagulopathy and haemorrhage

In 15�30% of patients with liver cirrhosis, coagulopathy leads to
clinically relevant haemorrhagic diathesis. Dangerous and con-
siderable bleeding may occur (nasal, gingival), and there may well
be pronounced cutaneous haemorrhages; the latter occasionally
occur as sugillations, ecchymoses and petechial haemorrhages (s.
fig. 20.1) or as disseminated petechiae, especially around postop-
erative scars. (s. fig. 20.2) Gastrointestinal bleeding can be assigned
to the upper gastrointestinal area in 80�85% and to the lower
intestinal area in 15�20% of cases. (see chapter 19)

Fig. 20.1: Sugillations, ecchymoses and petechial haemorrhages in
liver cirrhosis (with “paper money skin” and white nails)

Fig. 20.2: Extensive purpura in the abdominal area with bleeding
into the cholecystectomy scar

4.4 Acute-on-chronic liver insufficiency

This condition describes acute liver failure in cases of
hitherto well-compensated liver disease. The result is a
sudden deterioration in clinical status accompanied by
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jaundice as well as hepatic encephalopathy and/or the
hepatorenal syndrome.

There are a number of causes including (1.) well-known
hepatotoxic factors (e. g. superimposed viral infection,
alcohol consumption, hepatotoxic drugs, intoxication)
and (2.) endogenous factors (e. g. sepsis, variceal bleed-
ing, gastrointestinal haemorrhage, diarrhoea, hypoxia).
Acute liver failure is frequently the result of a chain of
damaging events, like a vicious circle.

The clinical and laboratory findings of this sudden
deterioration largely correspond to those of acute liver
failure (see above). This also applies to potential compli-
cations such as coagulopathy, HE, ascites and/or HRS.

5 Therapy

Except for the treatment of, for example, paracetamol
intoxication and Amanita phalloides poisoning, there is
no causal therapy for liver insufficiency. All conservative
treatment measures are based on four principles:

1. Prevention and treatment of complications
2. Substitution of substances which cannot be ad-

equately produced in the liver as a result of hepatic
synthesis disorders

3. Bridging the period of time until toxins have been
eliminated, liver functions and regenerative pro-
cesses have improved or liver transplantation can
be carried out

4. Promotion of liver regeneration

� Intensive care: Patients with ALF or with decompen-
sated chronic liver insufficiency (such as coma stages
II�IV, refractory ascites, hepatorenal syndrome, dissem-
inated intravascular coagulation, gastrointestinal bleed-
ing) require monitoring and treatment in an intensive
care unit, preferably in a transplantation centre. (7, 13, 60,
66, 77)

5.1 General therapeutic measures

Intensive care involves monitoring the cardiovascular
system (blood pressure, pulse, ECG) and respiratory fre-
quency. The patient’s temperature and urine excretion
have to be recorded every hour. The body weight is
documented every day using a weighing bed. The water
equilibrium should be carefully monitored. Consistent
preventive measures against infection must be guaranteed
for those patients who are particularly at risk. Regular
physical measures for the prevention of pneumonia are a
necessity. A moderate head-up position (30�40 °) is
recommended. • A central venous catheter (monitoring
central venous pressure, parenteral feeding), a nasog-
astral tube and a suprapubic bladder catheter are posi-
tioned for supply and monitoring purposes. Nasal oxy-
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gen supply is advisable. The insertion of an epidural
intracranial pressure probe is essential for early identifi-
cation of cerebral oedema.

Provided the patient does not have a paralytic ileus,
enteral feeding via a nasogastral tube is advisable to pre-
vent villous atrophy and thus reduce the risk of bacterial
translocation. • Parenteral feeding (1,600�2,000 kcal/
day) consists of a continuous intravenous supply of glu-
cose and fat emulsions (MCT). Hypertriglyceridaemia
may, in the case of lipid infusions for example, point to
a lipid metabolism disorder, but it can also be due to
increased glucose intake, which results in fatty degener-
ation of the hepatocytes and a corresponding reduction
in liver function. Fructose, sorbitol and xylitol must be
avoided! The supply of either liver-adapted amino acids
or branched-chain amino acids (BCAA) is generally
recommended for chronic liver insufficiency � but not
advisable in cases of acute liver insufficiency, because
almost all amino acids are elevated in the serum in
endogenous hepatic coma. A high daily dosage of water-
soluble vitamins (possibly divided into two doses) is
important. Administration of zinc is recommended.

Electrolytes (Na, K, Ca, Mg) and blood sugar must be
carefully monitored, and any deviation from the norm
should be corrected immediately. The risk of hypophos-
phataemia must be eliminated by early parenteral substi-
tution. During refractory episodes, such as those involv-
ing the acid-base equilibrium and hyperhydration,
haemodialysis is usually indicated. In hypoalbumin-
aemia, substitution with salt-free albumin is necessary. •
With about 75% of patients, artificial respiration is
called for, the aim being controlled hyperventilation.

N-acetylcysteine is believed to promote the supply of
oxygen to the tissues. (72) As a result, this substance,
which is free from side effects, was also recommended
for cases of CCl4 intoxication (52) and is even considered
helpful in acute liver failure with a different aetiology.

As a prophylaxis against bleeding in the upper gastroin-
testinal area, H2 antagonists and omeprazole are recom-
mended. • The timely and repeated administration of
fresh plasma (FFB) as well as of antithrombin III has
proved to be the most effective measure for balancing
plasmatic coagulation disorders.

Bacterial infections are extremely common as a result of
serious impairment of the cellular and humoral resist-
ance (ca. 80%). Close-meshed bacteriological investiga-
tions are required in the frequent absence of clinical
signs of infection. This leads to early antibiotic therapy
based on an antibiotic sensitivity test. Although an anti-
biotic prophylaxis is not actually recommended, it
should nevertheless be considered in the individual case,
since the spreading of an infection has a decidedly nega-
tive impact on prognosis. Administration of selenite
(i.v.) may be advisable. Around 30% of patients develop
a fungus infection, with a mortality rate of 50%. The
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administration of amphotericin B or fluconazol is an
effective prophylactic measure. • Bacterial or fungal
infection can also be effectively suppressed by intestinal
restimulating of the bacterial flora or intestinal sterilisa-
tion by means of neomycin (or paromomycin), a com-
bination of nystatin and gentamicin, or lactulose. (50, 53)
(s. pp 277, 280, 304)

EPL: In a pilot study, it was possible to achieve re-
compensation and lasting stabilization in 9 out of 10
patients suffering from severe liver insufficiency by i.v.
administration of a new galenic form of polyenylphos-
phatidylcholine. (32) • This clinical result might be sup-
ported by the finding that a considerable deterioration
in liver function was associated with a deficit of essen-
tial phospholipids (� EPL). (15) (s. p. 865)

5.2 Specific therapeutic measures
Paracetamol intoxication: Liver damage due to paracetamol
(>10 g) becomes manifest within ca. 48 hours after intake. (s. p.
378) For this reason, it is essential first of all to remove the non-
absorbed fractions by gastric lavage and intestinal cleansing. As
medicinal treatment, i.v. administration of the glutathione precur-
sor N-acetylcysteine is the therapy of choice (L. F. Prescott et al.,
1977). Dosage is 150 mg/kg BW with glucose as a rapid i.v. infusion
(15�20 minutes), followed by 50 mg/kg BW over 4 hours and
finally 100 mg/kg BW during the next 16 hours (� about 300 mg/
kg BW within 20 hours). This therapy has to be commenced as
soon as possible (no later than 12�15 hours after intoxication),
even though a hepatoprotective effect can still be achieved up to
36 hours later. A serum concentration of <200 µg/ml within 4
hours or <60 µg/ml within 12 hours after intake can be considered
prognostically favourable. (s. fig. 20.3)

Fig. 20.3: Centrilobular, two-week-old liver cell necrosis resulting
from paracetamol intoxication (HE)

Amanita phalloides poisoning: After a symptom-free latent period
of about 12 hours, the gastroenteric phase sets in. (s. pp 378, 571)
In this type of intoxication, it is imperative to carry out gastric
lavage and intestinal cleansing as soon as possible with the help of
saline agents using a nasogastral tube. The intestinal administra-
tion of medicinal charcoal is recommended. Diuresis must be
enhanced by the administration of frusemide, if necessary with
simultaneous volume substitution (CVP of about 10 cm H2O).
After another low-symptom period of about 1 day, the hepatorenal
phase sets in. The uptake of Amanita phalloides poison into the
liver is inhibited by penicillin (1 mega unit/kg BW/day as i.v. solu-
tion over 3 days). The therapeutic efficacy of silymarin and silibinin
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was first detected in animal experiments in 1975 (G. Vogel et al.)
and subsequently confirmed by a number of clinical studies. The
recommended dose of silibinin is 30 (�50) mg/kg BW/day, admin-
istered in 4 separate doses in i.v. glucose infusions, each lasting 2
hours, over a period of 3 to 4 days. Penicillin and silibinin can
(and should) be applied in combination. There is no specific anti-
dote for Amanita toxins. Given timely and appropriate therapy,
morbidity and mortality are surprisingly low. • In cases of therapy
failure or a critical course of disease, liver transplantation may
be indicated.

Cerebral oedema: Mannitol (0.5 g/kg BW or 100 ml, each as 20%
solution) is used to treat the dreaded cerebral oedema. If renal
function is sufficient, this course of therapy can be repeated every
1 to 4 hours, as required. Serum osmolality should not exceed 320
mosm/l, and intracranial pressure should not go above 20 mmHg.
When renal function is restricted, dehydration should only be
effected by means of haemofiltration. Artificial respiration is
required (often as PEEP ventilation). Continuous monitoring of
the intracranial pressure by means of an epidural intracerebral
pressure probe is extremely helpful. Frequently, there is increased
susceptibility to cerebral convulsibility; therefore, phenytoin
should be administered at an early stage. Therapeutic application
of thiopental (A. Forbes et al., 1989) as i.v. solution (up to 150 mg/
hour) calls for intracranial pressure probe monitoring. (22) Other
means of lowering the intracerebral pressure include the use of
aminophylline, ranitidine, luxus oxygenation and semirecumbent
positioning. (9, 17, 22, 34, 63) A prophylactic reduction in pCO2

down to 25�35 mm Hg through hyperventilation can be advanta-
geous in the initial stage of a brain oedema. (17, 63) Moderate
hypothermia (core temperature down to 32�33 °C, for 10�12
hours) may be useful in reducing the intracerebral pressure and
cerebral blood flow as well as the cerebral uptake of ammonia. (31)

Ornithine aspartate (40 g/8 hours as intravenous infusion) (51) and
flumazenil are advisable for the treatment of hepatic precoma
and coma.

Dopamine (2 to 4 µg/kg BW/hr) should be administered at an early
stage to stabilize the circulation and the renal blood flow. • N-
acetylcysteine can be applied during oxygenation due to its positive
effect on stabilizing the blood circulation and improving the serum
coagulation factors. • Indomethacine reduces cerebral ammonia
uptake.

Prostaglandin: The positive results achieved by the application of
PGE1 were reported in 1987 (M. Abacassis et al.). According to a
subsequent prospective study, 71% of patients with fulminant and
subfulminant hepatitis survived. (55, 61) The effect is attributed to
improved arterial flow and regeneration of the liver (0.1 to 0.6 µg/
kg BW/hr by means of perfusor for up to 18 hours, with the dosage
gradually being phased out). • Beware of hypotension!

Glucocorticoids were first administered with some success in acute
liver failure by H. Ducci et al. in 1952. Good results were also
achieved in the treatment of severe alcoholic hepatitis with liver
insufficiency (R. A. Helman et al., 1971). The application of glucocor-
ticoids in autoimmune hepatitis with acute liver failure did not
prove successful. (43) • The first report containing good results
after treating fulminant viral hepatitis B with anti-HBs plasma was
published in 1971 (D. J. Gocke). • The treatment of fulminant hepati-
tis B with interferon alpha did not progress beyond initial attempts
(S. Levin et al., 1989).

Lamivudine (100 mg/day) proved to be effective: it was possible to
achieve a lasting improvement in liver function and to avoid liver
transplantation. No side effects were observed.

In view of the loss of complex biochemical liver func-
tions, drug intervention in the metabolic processes of
the liver should be as varied as possible � even the use
of therapeutic agents which are not clinically controlled
may be biochemically or pharmacologically justified.
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� For a detailed description of treatment measures see: hepatic
encephalopathy (chapter 15.9), ascites (chapter 16.9), hepato-
renal syndrome (chapter 17.5), coagulopathy and bleeding (chap-
ters 19.1.7 and 19.2.6).

5.3 Liver support systems

The most important survival factor in acute liver failure
is the patient’s age. In the 15 to 25-year age group,
30�50% of patients survive, whereas those older than
30 years have hardly any chance of survival. It would
appear that the good regenerative ability of the liver in
young people is the best guarantee for survival. • An
attempt must be made at bridging the decompensatory
phase by means of optimum intensive care and monitor-
ing of the cerebral pressure as well as by applying clin-
ically proven or indeed new therapeutic procedures or
medication until the liver has adequately regenerated or
until liver transplantation can be carried out. • Basically,
there are three techniques available for bridging the com-
pensatory phase: (1.) extracorporeal systems (2.) biosyn-
thetic artificial livers or hybrid organs, and (3.) trans-
plantation of hepatocytes. (85, 95, 96, 106)

5.3.1 Extracorporeal systems

1. Exchange transfusion (C. Lee et al., 1958): This method was used
to fractionate and repeatedly exchange the entire circulatory blood
of a patient. However, based on the results of subsequent studies
(G. Baltzer et al., 1971; A. G. Redeker et al., 1973), this procedure can
no longer be recommended.

2. Haemoperfusion: The removal of both water-soluble and pro-
tein-bound substances from the plasma was first attempted by
means of a haemoperfusion circuit, using a column filled with acti-
vated charcoal (D. C. Schechter et al., 1958; H. Yatzidis et al., 1964).
Both the unwanted binding of corpuscular components and the
danger of embolization from charcoal particles could largely be
eliminated by coating the activated charcoal with a biocompatible
membrane, i.e. microencapsulation (T. M. S. Chang et al., 1964).
Because of the greater aggregation of thrombocytes, however,
thrombopenia often ensues. This event can generally be prevented
by the administration of prostacyclin (C. A. E. Gimson et al., 1980).
Unfortunately, however, this procedure causes a loss of insulin and
other hormones. (88)

3. Cross-circulation: Homologous cross-circulation with healthy
volunteers was first attempted by J. M. Burnell et al. in 1965. • Due
to multiple problems, S. C. W. Bosman et al. introduced heterologous
cross-circulation using a baboon in 1968; baboons are the only ani-
mal species which can tolerate human blood for 5 to 7 days.

4. Plasmapheresis: This procedure is a further development of
blood exchange (M. J. Lepore et al., 1967). The patient’s plasma is
separated by centrifugation or other appropriate techniques and
discarded, so that the protein-bound and fat-soluble toxins circu-
lating in the plasma are removed. This plasma volume is replaced
by fresh plasma. At the same time, the separated corpuscular com-
ponents of the patient’s blood are reinfused. Serious complications
may arise from the transmission of viral hepatitis and the occur-
rence of transfusion-related lung disorders (ARDS). Nevertheless,
the method involved is simple and has been carried out success-
fully in individual cases (87, 91) even as plasma exchange with the
administration of a high plasma volume (1.3 l/hr over 8 hours). •
It has proved to be much more successful when the serum (ca. 3 l
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fresh frozen plasma/day) is infused into the femoral artery rather
than into the vein (G. Brunner et al., 1991).

5. Plasma perfusion: In 1974 patient plasma separated by plasma-
pheresis was for the first time passed through activated charcoal
and artificial resin in order to absorb toxins. In this way, the
patient’s own purified plasma is reinfused together with the solid
components of the blood. This procedure produces fewer side
effects and is easy to carry out.

6. Total body wash-out: This technique is a modification of
exchange transfusion. The circulatory system is washed out with
electrolyte solutions and then refilled with donor blood whilst the
patient is in a state of hypothermia (G. Klebanoff et al., 1972).

7. Haemodialysis: In 1968 temporary improvement could be
achieved for the first time by means of haemodialysis in a patient
presenting with fulminant hepatic failure (W. M. Keynes); this was
repeated later in 1977 (R. Oules et al.). The procedure, however, is
not generally recommended. It may be indicated in renal failure,
acid-base disorders or with hyperhydration. Following haemodia-
lysis, substitution of reduced amino acids is necessary.

8. Haemofiltration: This procedure turned out to be of more value
than haemodialysis. No dialysate fluid is required. Instead, a solu-
tion containing buffered bicarbonate is used to replace the ultrafil-
trate. In fulminant hepatic failure, continuous venovenous haemo-
filtration is recommended because of its advantages for the
circulation and metabolism. Heparin or prostacyclin can be used
as anticoagulants (C. A. E. Gimson et al., 1980).

9. Haemodiabsorption: The BiologicDT system is a combination
of haemodialysis and haemoadsorption (S. R. Ash et al. 1992). (82)
Plasma separation was subsequently added to this system (S. R. Ash

et al., 1998). (83) This newly developed BiologicDTPF facilitates
direct plasma contact with the haemodiadsorber. The system,
which makes use of both a charcoal and a cation exchanger, dia-
lyzes blood across a parallel plate dialyzer with a cellulose mem-
brane. So far, results have been disappointing � only lactate, creat-
inine and bilirubin were reduced.

10. Albumin dialysis: The aim of albumin dialysis is to
remove both soluble metabolites and albumin-bound
substances (ABS) from the blood of patients with acute
liver failure. (s. tab. 20.5)

benzodiazepines fatty acids
bile acids phenylalanin
bilirubin several peptides
carbon hybrids tryptophan
copper etc.

Tab. 20.5: Albumin-bound substances (ABS) relevant in acute
liver failure

SPAD: Single-pass albumin dialysis was the first method to be
developed. The blood of the patient is extracorporeally dialyzed
through an albumin-impermeable membrane against albumin in
the secondary circuit. The loaded albumin is discarded.

MARS: The SPAD method was further developed into a combina-
tion of dialysis, filtration and adsorption (� molecular adsorbent
recycling system). (103). The patient’s blood is fed through a hol-
low-fibre filter and dialyzed against an albumin dialysate. The ABS
(s. tab. 20.5) pass through the pores in the filter and become
bonded. Plasma proteins, hormones and vitamins are not lost. The
albumin dialysate is recirculated in a closed circuit where it is fed
through a second dialyzer and two adsorber columns which bind
the ABS. The albumin dialysate is returned to the hollow-fibre
filter. It is dialyzed against a bicarbonate solution in order to
remove the excess water and water-soluble substances (ammonia,
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creatinine, urea, iron, copper) as well as to stabilize the electrolyte
and glucose levels and the pH value. The results obtained to date
are promising. (93, 101, 104) (s. fig. 20.4)

Fig. 20.4: Diagram showing the molecular adsorbent recirculating
system (MARS)

FPSA: Fractioned plasma separation and adsorption is a very effi-
cient and multifactorial method, employing membranes and adsor-
bants. (86) It is additionally characterized by the use of micropar-
ticles (2.0�3.5 µm), which are recirculated in suspension using
high-speed flow (2�4 l/min) to optimize the in-line filtration pro-
cess. In a further development, a special sulfone filter is applied.

Prometheus: In the meantime, the Prometheus method has been
introduced. (97) Here, the plasma is separated out by an albumin-
permeable filter and cleaned in a secondary circuit via an adsorber
together with conventional high-flux haemodialysis. Direct contact
between the albumin plasma and the adsorber helps to increase
the efficiency of this method.

� These liver support methods serve to detoxify the
organism for a limited period of time. They are regarded
as supportive measures in intensive care. Survival time
has often been prolonged, yet only in isolated cases has
the overall life-span of the patient been extended. These
methods of treatment, which are costly and involve con-
siderable resources, can only be carried out in medical
units that are equipped with all the facilities of intensive
care and thus in a position to effect epidural brain pres-
sure measurement, blood purifying processes and liver
perfusion methods. • Only young patients between the
ages of 15 and 25 have a real chance of survival (40 to
50%), provided they receive optimum intensive care.
With patients over 30, supportive techniques should
only be applied to bridge the time period until a liver
transplantation can be carried out.

However, conservative treatment may be attempted for 4
or 5 days under the following conditions irrespective of
age: (1.) there may be a chance of regeneration during
this period that can be made use of; (2.) this period
of time does not preclude the patient’s chances of liver
transplantation (which generally calls for 2 to 4 days’
preparation time); (3.) should there be no signs of recov-
ery or regeneration, not even in younger patients (< 30
years), transplantation is nevertheless indicated. • After
4 or 5 days, however, severe complications develop, also
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in younger patients, which render transplantation diffi-
cult or even impossible. Especially, older patients (> 30
years) should always undergo liver transplantation with-
out delay.

5.3.2 Bioartificial systems

Temporary substitution of the liver function using hepa-
tocytes (e. g. in haemofiltration systems or bioreactors)
is conceivable in acute liver failure, possibly in conjunc-
tion with activated charcoal filtration or with plasma
separation. The importance lies in bridging the phase of
acute liver failure until compensation of the liver func-
tion or liver regeneration is achieved.

The bioreactor is filled with capillaries in which the
patient’s blood circulates; some of this blood has already
been oxygenated extracorporeally. The efficacy of the
system depends on an efficient exchange of the corre-
sponding substances in both directions as well as stable
hepatocyte functions. It is possible to use human (allo-
geneic) or animal (xenogeneic) hepatocytes as well as
cell cultures (immortalized cells or tumour cell lines). If
human cells are taken, 1010 hepatocytes per patient are
required � as would be needed for a conventional liver
transplant. With regard to the use of animal hepato-
cytes, there is a possible risk in that no solution has yet
been found to the question of zoonosis transmission
and there may be an immune reaction to foreign anti-
gens. Bile flow also remains a problem. (90, 98, 99, 107,
108)

1. The so-called “artificial liver” system was first developed by
K. N. Matsumura et al. (1978). This procedure comprised haemodia-
lysis across a suspension of vital hepatocytes. • Such semi-artificial
liver was first used clinically in 1987 on a patient with bile-duct
carcinoma and acute liver failure (K. N. Matsumura et al.).

2. The binding of microsomal liver enzymes to synthetic carriers is
a promising method of temporarily compensating important liver
functions (G. Brunner, 1981).

3. Bioartificial liver (BAL): Freshly isolated hepatocytes of pigs,
immobilized on collagen-coated microcarriers, remained vital in-
vivo and in-vitro over a longer period of time in a perfusion sys-
tem; they were able to conjugate bilirubin and synthesize proteins.
These results provided the basis for developing an extracorporeal
bioartificial liver (A. A. Demetriou et al., 1986). In more advanced
systems, plasma was perfused through an activated charcoal col-
umn and a fibre system with cultured pig liver cells. (90, 95, 98,
108) • With the help of a BAL, the plasma is separated by centrifu-
gation and directed into a reservoir in order to increase both the
plasma and metabolite flow. By integrating an activated charcoal
column, it is possible to effect a greater elimination of toxins. The
separated plasma reaches the hollow-fibre bioreactor, where it is
perfused through the previously inserted hepatocytes (7 ± 1 hours).
• Such a system yielded increased production of coagulation
factors in a patient with alcohol cirrhosis (D. F. Neuzil et al., 1993).
(s. fig. 20.5)

4. Extracorporeal liver assistance device (ELAD): Attention has
recently focused on temporarily replacing the liver function with
hepatocytes which have been cultured in the extracapillary space of
a cellulose-acetate hollow-fibre unit. Each unit contains ca. 200 g
C3A cells, an amount which is necessary for successful perfusion.
ELAD has proved efficacious in clinical use. (106)
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Fig. 20.5: Diagram showing a bioartifical liver (BAL) (98)

5. BLSS: The bioartificial liver support system is made up of a
blood pump, a heat exchanger to control the blood temperature,
as well as an oxygenator and a bioreactor. The hollow-fibre bio-
reactor generally contains 70�100 g of porcine liver cells. Initial
experience with BLSS is encouraging. (92)

6. BELS: The Berlin extracorporeal liver support system consists
of a three-dimensional accumulation of approx. 500 g pig liver
cells. These cells are linked by means of capillaries and provided
with oxygen independently of the patient’s blood, so that they
function and stay vital for several weeks. (89)

MELS: The modular extracorporeal liver support system was
developed from BELS. In contrast to BELS, however, it consists
of three modules: (1.) a cell module with human hepatocytes, (2.)
single-pass albumin dialysis and (3.) a dialysis module for constant
venovenous haemofiltration. (100)

The clinical significance of bioartificial systems will
largely be dependent upon whether it is possible (1.) to
keep functional hepatocytes alive in extracorporeal sys-
tems for an adequate period of time and (2.) to make
such systems available at short notice for use in emer-
gencies.

5.3.3 Extracorporeal liver perfusion

The idea of extracorporeal liver perfusion (ECLP) for removing
toxins by way of perfusion using an animal liver goes back to
Andrews (1953), who used this technique for liver substitution in
dogs. In 1958 J. J. Otto et al. applied this method and demonstrated
a clear reduction in pathologically elevated serum ammonia values
in the dog. • In 1965 B. Eiseman et al. first treated hepatic coma in
humans by perfusion using a pig liver. • The use of baboon livers
yielded further progress (S. Saunders et al., 1968; T. S. Lie et al., 1976).
Treatment was reported to be successful in isolated cases. This pro-
cedure has been successfully taken up again, using human livers
which, for medical or organizational reasons, could not be trans-
planted. • Vital pig livers are now also used. The fresh liver is kept
in a sterile chamber where it receives the patient’s blood via the
portal vein and, if necessary, via the hepatic artery. There have
been no reports of xenogenous infection or rejection. Although
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the procedure is relatively safe, the results obtained with perfused
livers from humans or baboons would appear to be better than is
the case with livers taken from pigs.

5.4 Liver transplantation methods

Liver transplantation is the method of choice in all
patients with acute liver failure whose spontaneous sur-
vival rate without a transplant is < 20%, taking into
account all the parameters. Criteria proposed by King’s
College or Clichy provide a useful basis for assessment.
The crucial factor, however, remains the choice of the
appropriate time for carrying out the transplantation:
(1.) the possibility of eliminating decompensation by
means of regeneration should be exploited; (2.) delayed
indications should not result in complications which
would prevent a transplantation from being carried out
(e. g. brain-stem herniation, sepsis).

5.4.1 Orthotopic transplantation

� The survival rate following orthotopic transplantation
in acute liver failure is 50 to 80% after 1 year and about
60% after 5 years. When the indication for transplanta-
tion is given, it is impossible to foresee to what extent
the patient’s life might be lengthened. The decision as
to whether and when a transplantation is indicated con-
tinues to be arbitrary. The question of which patients
will benefit most from transplantation is still unresolved
� particularly since liver diseases are in general poten-
tially reversible. However, acute liver failure due to Wil-
son’s disease or the Budd-Chiari syndrome is an indica-
tion for liver transplantation, because these conditions
are always lethal otherwise. Of all liver transplantations
in Europe, a constant 10�12% are carried out due to
ALF. In patients under the age of 45, this figure is 20%.
Meanwhile, OLT has already been carried out on four
adolescents for Ecstasy-induced liver failure. • With an
isoelectric line in the electroencephalograph and with
irreversible cerebral oedema, transplantation is no
longer possible. The prognosis is likewise poor for
decompensated liver insufficiency as a result of “acute-
on-chronic failure” (e. g. acute virus infection or intoxi-
cation in cirrhosis), even after conservative and invasive
intensive care therapy or indeed after liver transplanta-
tion. (20, 44, 109�111, 119, 120, 123, 124) (see chapter 40.7)

The following criteria are indicators for an ultima ratio
transplantation in cases where the probability of survival
without transplantation would be < 20% (T.E. Starzl et
al., 1989):

1. Foudroyant deterioration of the general state of health
2. Severe coagulation disorders
3. Coma stages III to IV
4. Metabolic acidosis
5. Liver atrophy
6. Circulatory insufficiency requiring catecholamines
7. Manifestation of septic multiple organ failure
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SLT: Split liver transplantation was developed as an alternative to
OLT (118). The transplanted split should be around 1% of the
body weight of the recipient. SLT has a higher complication rate
than OLT.

LDLT: With regard to living donor liver transplantation, SLT has
become particularly important in cases where no cadaver organ is
readily available. Living donor liver transplantation was first car-
ried out on children. The left lateral segment, usually segments II
and III, of the donor’s liver is used. Around 5% of OLT candidates
are also suitable for LDLT. More than 2,500 living donor liver
transplantations have been carried out worldwide. The donor mor-
tality rate is 0.2�0.3%. (115, 116, 122)

5.4.2 Auxiliary partial orthotopic liver transplantation

In 1991 auxiliary partial orthotopic liver transplantation (APOLT)
was successfully carried out for the first time in acute liver failure,
with the subsequent possibility of dispensing with the transplant
after regeneration of the patient’s own liver. (112) The correspond-
ing part of a donor liver is transplanted orthotopically as left
lateral segments II and III into the acutely diseased liver. The
requisite partial resection of the liver is considered difficult. (121)
A European multicentre study (12 centres) achieved equally good
results in 30 patients compared to orthotopic liver transplantation
with the removal of the native liver (M.-P. Chenard-Neu et al., 1996).
APOLT is intended as a temporary measure in acute liver failure
with the aim of discontinuing immunosuppressive therapy after the
patient’s own liver has regenerated. So far, results imply that more
complications are experienced in APOLT than in OLT.

5.4.3 Heterotopic transplantation

The concept of heterotopic transplantation of a complete or even
partial (“spliced”) donor liver should also be pursued further.
Heterotopic transplantation involves placing an auxilliary (add-
itional) organ in the right upper abdomen (O. T. Terpstra et al.,
1988). In surgical terms, this technique is considered to be demand-
ing due to the application of the piggy-back method (� anastomo-
sis of the donor liver with the appropriately prepared ostium of
the hepatic veins to the infrahepatic caval vein, generally cranial
to the opening of the renal vein). • These two methods (APOLT
and auxiliary heterotopic liver transplantation) are particularly
suitable for juveniles with acute liver failure because they bridge
the critical time span preceding the regeneration of the diseased
liver. Immunosuppression is thus only required for a restricted
period of time. The transplant shrinks or is surgically removed.
Acute liver failure induced by Ecstasy was successfully overcome
using this technique. (113) It allows the liver function to be com-
pensated and gives the diseased liver time to regenerate. (117)

5.4.4 Xenotransplantation

Pigs with human immune system genes are expected to facilitate
the production of transgenic donor organs (D. White, 1992). This is
the basis of all endeavours to use transgenic pig liver for the pur-
pose of xenotransplantation (J. Platt, 1993). In the future, genetic
engineering should make it possible to eliminate the immunobio-
logical risk of complement-activated, hyperacute rejection. How-
ever, the problem regarding the transmission of zoonoses has not
yet been resolved. To date, a survival period of 70 days has been
achieved with three xenotransplants in ALF and chronic liver
insufficiency (J. Fung et al., 1997).

5.5 Transplantation of hepatocytes
Liver cells were successfully transplanted for the first time in
experiments on rats (A. J. Matas et al., 1976; C. G. Groth et al., 1977).
The requirements for transplantation include absolute care in the
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production of an adequate quantity of vital liver cells of utmost
purity as well as the possibility of cryopreservation and in-vitro
culturing. The cells are injected locally into the implantation area
or infused selectively into the organ through a vascular catheter.
Special adhesive-supporting substances can be used in this process
(agarose gel, micro-encapsulation into thin membranes, etc.).
(125�130)

Among the experimentally tested transplantation sites are the
spleen, kidneys, lungs, pancreas, peritoneum, greater omentum
and fatty tissue. Up to now, the spleen has proved to be the most
suitable. The transplantation of foetal liver cells into the spleen
may even culminate in a liver lobule-like formation with bile ducts
and veins � however, the functional results have (so far) been no
better than with normal hepatocytes.

The question of the required number of hepatocytes has still not
been resolved: the collapse of a certain liver function (e.g. normal-
ization of factor VIII values in serum) can be compensated by a
far lower number of hepatocytes than is the case with total liver
failure (e. g. acute liver failure). Calculations made up to now have
claimed that there are at least 107�108 liver cells in partially
resected liver parenchyma.

Indications for the transplantation of hepatocytes predominantly
involve those liver diseases in which functional failures occur in
the liver cells (not in the bile ducts). • Permanent transplantation
would be indicated, for example, in order to eliminate congenital
metabolic disorders of the liver cells. In this case, hepatocytes from
the patient could be used, with subsequent elimination of the
defect by gene technology, as well as hepatocytes from healthy
donors. A few years ago, a therapeutic effect lasting for over one
year was achieved for the first time in a girl suffering from the
Crigler-Najjar syndrome (I. J. Fox et al., 1998). • Human hepatocytes
are most definitely more suitable than animal liver cells. The latter
may well meet the requirements for a provisional substitute, but
not for permanent transplantation.

Future prospects

� Looking to the future, it can be expected that the
next few years will witness advances in gene technol-
ogy (e. g. transgenic animal liver) and molecular biol-
ogy (e. g. targeted blockade of the immune system
against the liver transplant) or even produce new con-
cepts of liver and hepatocyte transplantation.

� It is no longer too bold to pin legitimate hopes on
the development of an artificial liver. The preliminary
objective hereby must be to replace the most important
liver functions for a longer period of time, thus afford-
ing the diseased liver of the patient a greater chance to
regenerate.
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21 Clinical and morphological principles

1 Attempt at a systematic approach

Any attempt at setting up a systematic approach to
liver disease has to incorporate the correlation
between morphological and functional changes. At the
same time, such an approach has to take account of
aetiological and pathogenic factors. • However, any
classification made is provisional by its very nature,
since there is no uniform standpoint in this respect,
and advances in medical knowledge can alter any
such classification. (see references 2, 4, 9, 20)

1.1 Difficulties of systematization

� It must be borne in mind that only relatively minor
morphological changes might be evident in functional
liver insufficiency. • Moreover, apparently normal
hepatic functions may also prevail despite pronounced
morphological changes in the liver.

� Further consideration has to be given to the fact that
different pathogenic factors may also trigger similar or
even identical morphological changes as well as iden-
tical biochemical reactions.

The term hepatopathy (G. v. Bergmann, 1936) (s. p. 74) � which
cannot be defined precisely � must be viewed as a noble
attempt to classify all liver diseases with their respective
morphological and functional changes as one single entity. It
should be noted that in those days there was little chance of
making a detailed diagnosis of a liver disease during the
patient’s life.

1.2 Need for systematization

As early as 1947, H. Kalk strongly emphasized the need
to systematize liver disease in line with morphological
aspects. Initially, his approach was founded on laparo-
scopic criteria, i. e. size, colour and superficial structures
of the liver. • Pathohistological examination, however, is
indispensable in the classification of most liver diseases.
Liver diagnostics is based on four essential pillars, of
which histology is still the most important and, in cases
of doubt, the decisive factor in determining the diagno-
sis. (s. pp 75, 76)

Even though it is still difficult today to systematize liver
diseases, any such attempt can be of help, providing it
takes due account of the aetiology, the clinical picture
and the morphological changes. This facilitates an over-
view of the different liver diseases, including their vari-
ants and complications, and makes for a better under-
standing of certain individual forms of disease and the
way in which the various forms are interrelated.
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2 Clinical forms of liver disease

2.1 Primary and secondary liver diseases

All liver diseases can be classified into two groups with
diverse clinical, therapeutic and prognostic relevance:

1. Primary liver diseases
2. Secondary liver diseases

Primary liver diseases

The liver is primarily affected, and the involvement of
the liver in the disease is paramount. A typical example
would be acute viral hepatitis resulting from primary
hepatotropic viruses. (s. tab. 5.16)

It is not possible to make a reliable clinical differentiation
between the primary hepatotropic types of hepatitis; there are,
however, certain distinctive hints derived from histology or
immunohistology (e.g. HAV, HBV or HCV infection). Modern
methods of serology and immunology render precise differenti-
ation possible. • Acute viral hepatitis does not exhibit any isol-
ated specific morphological findings; it is the sum of the individ-
ual phenomena which results in the diagnosis. (s. tab. 22.1)

Secondary liver diseases

The liver is secondarily affected by a systemic disease
or shows a coreaction to extrahepatic organ processes.
Involvement of the liver in the disease is not obvious. •
Occasionally, the aetiology of the underlying disease can
be diagnosed from liver biopsy material by means of
characteristic morphological substrates or by the detec-
tion of pathogens. • In the majority of cases, these find-
ings are ambiguous and are thus grouped together
under the generic term “non-specific reactive hepatitis”.

Non-specific reactive hepatitis

Concomitant hepatic lesions can occur as a conse-
quence of a number of viral, bacterial, parasitic and
mycotic infections as well as due to toxic effects. Owing
to their ambiguity, however, these lesions do not allow
closer aetiological specification. • Therefore, the term
“non-specific reactive hepatitis” is not actually considered
to be a pathological entity in its own right.

From the pathohistological point of view, the findings are (1.)
degenerative liver cell changes with single focal liver cell necrosis,
(2.) concomitant reaction of the Kupffer cells and formation of
Kupffer cell nodules with a generalized reaction of the mono-
nuclear phagocytosis system, usually inside dilated sinusoids, (3.)
histiocytic and portal round-cell infiltration, and (4.) cholangitic
reaction with sparse infiltrations of neutrophilic granulocytes
around small bile ducts. (s. fig. 21.1)
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Fig. 21.1: Non-specific reactive hepatitis in sepsis due to cervical
lymph node abscess: sparse single cell necrosis and periportal
inflammation

� The pluriaetiological spectrum involved in this condi-
tion already suggests the problematic nature of the gen-
erally accepted term non-specific reactive hepatitis. •
The confusion in terminology is rendered all the more
complex because the diagnosis of a non-specific reaction
does not necessarily justify using the rather implicative
term “hepatitis”. • Moreover, an individual who is
affected by non-specific reactive hepatitis cannot really
be referred to as a “liver patient”. We are also familiar
with inflammatory secondary phenomena, such as leu-
cocyte cellulations in alcoholic hepatitis or mesenchy-
mal reactions due to drug abuse. In these cases, it can be
equally problematic to apply terms like “non-specific”,
“hepatitis” or “liver disease”.

This is why the pathologist will deliver a purely mor-
phological description depending on the facts of the
case, whereas it will be the task of the clinician to
categorize these “non-specific” inflammatory second-
ary phenomena with respect to their aetiology and
clinical significance.

2.2 Diffuse and focal liver diseases

In concordance with the morphological pattern associ-
ated with the liver condition, two further groups of dis-
eases may be distinguished (s. tab. 4.1!):

1. Diffuse liver diseases
The disease of the liver is largely diffuse; its occur-
rence can be either primary or secondary.

2. Focal liver diseases
The liver only exhibits focal processes of disease,
which may be primary or secondary and of non-
specific or specific genesis.

Diffuse liver diseases: Certain problems with morpho-
logical definitions arise from the term diffuse liver dis-
ease. Individual cases present a genuine form of diffuse
liver disease (e. g. in acute viral hepatitis), or portal-peri-
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portal lesions of different degrees of diffusion are wit-
nessed (e. g. in bacterial cholangitis), or there are intra-
parenchymal diffusely localized changes (e. g. in cases of
listeriosis). • In diffuse liver diseases, the bioptic histo-
logical finding is representative in 80�100% of cases. (s.
pp 157, 160)

Focal liver diseases: In contrast, it is frequently impos-
sible to detect localized findings in the biopsy material,
which is 1.5�2 cm in length and generally comprises up
to 20 portal fields, especially since percutaneous biopsy
can only reach a certain area of the right liver lobe.
Consequently, “negative” biopsy findings do not necessar-
ily rule out the presence of localized hepatic changes ! (s.
p. 160) • Larger focal lesions are detected by imaging
procedures and can be assessed by guided biopsy, fine
needle biopsy or laparoscopy.

2.3 Acute and chronic liver diseases

With regard to the time period involved in the course of
a liver disease, distinction has to be made between two
further groups, excluding the prodromal stage and the
healing process (s. tab. 4.1) (s. p. 75):

1. Acute liver diseases
In the individual case of acute liver disease, it is
necessary to differentiate between peracute (i. e. ful-
minant), subacute-necrotic and protracted courses.

2. Chronic liver diseases
Chronic liver diseases may show protracted
(subchronic), “persistent” or “aggressive” courses.
The new classification of chronic hepatitis empha-
sizes its respective aetiology while at the same time
categorizing the degree of inflammatory and
necrotic activity as well as any fibrosis and add-
itional changes in the hepatic architecture.

Chronic liver disease is characterized by inflammatory
infiltrates and/or degenerative changes which have per-
sisted for 6 to 12 months or longer; its prognosis is
dubious. Chronic liver disease is thus defined by the
following triad:

1. Prolonged course of disease (> 6 months)
2. Inflammatory and/or degenerative morphological

findings
3. Dubious prognosis

� no general healing tendency
� tendency towards progression
� occurrence of complications

Chronic liver diseases (congenital or acquired) can be
classified (schematically) into 10 groups depending on
their aetiopathogenesis. However, due to the close spa-
tial intercalation of the mesenchymal and epithelial
hepatic systems, the transition between the groups is
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fluent. As a result, chronic liver diseases can be classi-
fied according to their aetiopathogenesis as follows:

1. infectious 6. vascular
2. toxic 7. cardiac
3. autoimmune 8. malignant
4. metabolic 9. haematological
5. biliary 10. cryptogenic

2.4 Aims of liver diagnostics

2.4.1 Rational and expedient diagnostics

A diagnosis can only be regarded as expedient (i. e.
thrifty and economical) if it has been reached by ra-
tional (i. e. logical and targeted) measures. Any irra-
tional form of diagnostics will always be too expensive,
even if it appears to be economically reasonable or is
indeed presented as being cost-effective. (s. p. 74)

2.4.2 Diagnostic and clinical issues

In nearly every single case, the main diagnostic and clin-
ical issues can be resolved, provided all the necessary
(rational) diagnostic channels are pursued. (s. p. 75) (s.
tab. 4.1) • This always includes the major differential
diagnoses of hepatomegaly (see chapter 11), jaundice
(see chapter 12) and cholestasis (see chapter 13). It is
likewise of great clinical importance to establish the
aetiopathogenesis of portal hypertension (see chapter 14).

� During the course of acute or chronic liver disease, it
may be difficult for the liver to fulfill all biochemical
tasks (s. p. 32) due to a profound impairment of its func-
tional capacity. The result is inadequate functioning (�
insufficiency) � this liver insufficiency is, however, still
compensated. (s. pp 277, 381) In the individual case, just
a few liver functions may be affected to varying degrees
(� partial insufficiency), or the functions of the liver
can be extensively impaired in their entirety (� global
insufficiency). The condition of compensated liver insuf-
ficiency may go unnoticed both subjectively and clin-
ically � it is generally only revealed by laboratory an-
alysis of the liver function. At this stage, the liver is still
capable of maintaining the viability of the organism. •
For this reason, the state of compensated liver insuffi-
ciency must be stabilized and maintained by the patient,
on the one hand by preventing damage and on the other
hand by establishing the best possible living conditions.

� In the course of acute or chronic liver disease, the
biochemical functions of the liver may be compromised
indefinitely; the outcome is decompensated liver insuffi-
ciency. (s. pp 277, 381) (s. tab. 20.4) The stage of decom-
pensation is synonymous with the onset of life-threaten-
ing complications. These mainly take the form of hepatic
encephalopathy with transition to hepatic coma (see
chapter 15), oedema and ascites with imbalance of the
electrolytes and the acid-base equilibrium (see chapter
16) through to the hepatorenal syndrome (see chapter
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17), the hepatopulmonary syndrome (see chapter 18)
and/or the development of coagulopathy as well as
bleeding oesophageal varices (see chapter 19).

The clarification of the diagnosis and the various clin-
ical issues provides statements on (1.) course of disease
(regressive, stationary, progressive), (2.) success of ther-
apy, (3.) healing process, and (4.) prognosis. (s. p. 75)

3 Basic morphological processes of
the liver

Despite the tremendous scope of morphological
changes in liver diseases, the pathomorphological reac-
tions of the liver can be attributed to four main pro-
cesses, which form the basis of morphological diagnos-
tics:

1. Cell damage /degeneration (and sequelae)
2. Cell death /necrosis (and sequelae)
3. Regeneration
4. Fibrogenesis

Pathobiochemical hepatic reactions can likewise be clas-
sified (schematically simplified) into four main disfunc-
tional mechanisms, which form the basis of biochemi-
cal diagnostics:

1. Enzymopathies
2. Cholestasis / jaundice
3. Metabolic insufficiency
4. Immune reactions

3.1 Cellular adaptation

3.1.1 Membrane hyperplasia

During the course of biotransformation (s. p. 53), the
need for cell adaptation often goes far beyond the nor-
mal scope of physiological activity as a result of exces-
sive strain. This can lead to membrane hyperplasia (or
agranuloreticular hypertrophy) of the smooth endo-
plasmic reticulum. (s. pp 55, 524, 544) The result is a
considerable increase in liver cell volume, so that hepato-
megaly is even clinically detectable. (s. p. 210) This in
turn may cause increased glycogen deposition suppres-
sion of the mitochondria and of the granular reticulum
in the cell periphery as well as an extremely fine-grain
or net-like cytoplasm which is seen to be more eosino-
philic and brighter. • This form of biotransformational
proliferation of the smooth endoplasmic reticulum is
easy to distinguish from the virus-induced (inflamma-
tory) form � e. g. by aldehyde-thionine staining or
through localization in the liver lobule. • Membrane
hyperplasia will persist as long as there is a surplus of
substrate and will regress once the substrate pressure is
relieved. (s. fig. 21.2)
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Fig. 21.2: Adaptive changes of hepatocytes due to hyperplasia of
the smooth endoplasmic reticulum. Several binuclear hepatocytes
(BH). Small Kupffer cell nodule following cell necrosis (arrow)

3.1.2 Hyaline drops
In long-standing membrane hyperplasia, the affected
membranes show regeneration and degradation. Electron
microscopy reveals them to be so-called cytoplasmic
whorls, and light microscopy displays them as pale
eosinophilic, occasionally layered homogeneous hyaline
drops. • When persistent for a long period of time, this
(physiological) cellular adaptation may gradually take
on the form of cellular damage.

3.1.3 Lipofuscinosis
The peroxidation of unsaturated fatty acids from mem-
brane hyperplasia remnants can cause lipofuscinosis. This
consists of fine-grained, iron-free, yellowish-brown poly-
meric residual bodies (phospholipid protein complexes)
within the lysosomes. These pigments are principally
found in perivenular hepatocytes, in particular at the bili-
ary pole (� pericanalicular). Because of their delayed
breakdown, they are detectable for a longer period of
time than membrane hyperplasia. • Lipofuscinosis is
found in older hepatocytes, at an advanced age in life
(“wear-and-tear pigment”), in hepatic (brown) atrophy,
malnutrition, cachexia, vitamin E deficiency, and with
the Dubin-Johnson syndrome. In cases of analgesic
abuse, panlobular localization is found. (s. figs. 21.3; 24.9)

Fig. 21.3: Lipofuscinosis (metachromatic-red cytoplasmic pigments)
following abuse of analgesics of the phenacetin type (Ladewig)
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3.2 Hepatocellular degeneration

As a form of sublethal, yet generally reversible damage
depending on the noxa, hepatocellular degeneration
presents multiple changes in the cell and nucleus as well
as cellular metabolic disorders.

3.2.1 Cellular changes

Hydropic-cell swelling: Disorders in the energy homeo-
stasis in the hepatocyte biomembrane, with the associ-
ated failure of the ion pumps, leads to an increased influx
of fluid from the extracellular space into the interior of
the cell. This osmotic cellular oedema results in increased
cytoplasm transparency in addition to a reduction or even
complete loss of cytoplasmic basophilia. The endoplas-
mic reticulum is dilated and the liver cell is enlarged. Col-
lectively, a picture of cellular hydrops develops. • In later
stages, a vacuolar swelling of the smooth ER is evident,
and the organelles diminish. The cytoplasm is light-col-
oured, stringy or honeycombed, and in places optically
“empty”. There is a loss of glycogen as well as reduced
chromatolysis, whereas protein accumulates. Such bal-
looned hepatocytes are deemed to be an early stage of a
rapidly developing cellular lysis, as a result of which
empty lattice fibres become visible. The ballooning is
considered to be a severe, yet still reversible form of cell
damage. (s. fig. 21.4)

Fig. 21.4: Ballooned hepatocytes with intracellular bilirubino-
stasis (�)

Granular-cell swelling: In cases of turbid and/or granu-
lar swelling of the cell, usually toxin-related, the cell
interior, which comprises numerous homogeneous
eosinophilic granules, becomes lighter. This process is
actually based on a swelling and proliferation of the
mitochondria. At the same time, there is a substantial
glycogen overload of the rough ER, which is subse-
quently displaced to the pole of the hepatocyte adjacent
to the bile duct. • In some instances, this may lead to
the development of giant mitochondria, which can reach
a size comparable to that of the nucleus itself. These
present as pale eosinophilic, well-defined, PAS-negative
hyaline bodies. They appear in cases of chronic alcohol
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and/or medicament abuse, dermatosclerosis and local
hypoxia. (s. fig. 28.3)

Feathery degeneration: Due to the detergent effect of
retained bile acids, particularly in cases of long-term
cholestasis, a net-like degeneration of the hepatocytic
cytoplasm develops. The hepatocytes are hydropically
swollen and appear foamy. They are also permeated
with feather-like cytoplasmic filaments, which are often
impregnated with bilirubin. Under an electron micro-
scope, vorticose accumulations of membrane material
can be seen. The smooth ER is dilated. Feathery degen-
erated cells are predominantly located in the periportal
regions of the liver; being typically solitary, they are sel-
dom found in groups. (s. figs. 13.4; 22.4)

Hyaline bodies are observed as round, eosinophilic,
occasionally layered acidophilic corpuscles in the cyto-
plasm of degenerated hepatocytes. Diffusely distributed
in the lobule, they are particularly evident in acute viral
hepatitis A and B. • It was, in fact, in yellow fever that
they were first described as Councilman bodies (W.T.
Councilman) in 1890. • So-called pin cells, i. e. dehy-
drated, pin-shaped, compressed liver cells, may be
regarded as precursors of the hyaline bodies. As a rule,
they can be fully restored.

Ground-glass cells can be identified as enlarged liver
cells with pale eosinophilic, turbid cytoplasm resulting
from hyperplasia of the smooth ER. The nucleus is dis-
placed to the cell margin. These cells are randomly dis-
tributed throughout the liver lobule. They are found in
viral hepatitis B, glycogenosis (type IV) and hypofibrin-
ogenaemia or can result from the impact of foreign sub-
stances. (s. figs. 5.7; 22.7) • From a differential diagnos-
tic standpoint, they must be distinguished from induced
cells, which may develop as a result of biotransforma-
tion stimuli. These cells are reversible, but can remain
as hyaline droplets if noxic agents persist.

3.2.2 Nuclear changes

Nuclear changes are frequently observed in the form of
large nuclei or double nuclei and reflect impaired repara-
tory nuclear division. The nucleoles are enlarged and
basophilic. • This category likewise includes the so-called
glycogen vacuolation of the nuclei, such as is found in dia-
betes mellitus, Wilson’s disease and glycogenosis. (s. fig.
31.1) • It is often possible to observe cytoplasmic intra-
nuclear inclusions, such as iron-containing inclusions
(e. g. in haemochromatosis), protein-containing viral
DNA (e. g. in cytomegaly), basophilic inclusions sur-
rounded by a clear halo (e.g. in cytomegaly), eosinophilic
Cowdry type A or basophilic Cowdry type B (e.g. herpes
simplex virus) (s. fig. 23.2), herpes zoster virus, HB par-
ticles, and Torres bodies (e. g. in yellow fever). • Sanded
nuclei (L. Bianchi, 1976) are finely granulated (“sand-like”),
pale eosinophilic hepatocyte nuclei, stuffed with HB core
particles, as found in chronic hepatitis B.
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3.2.3 Cellular metabolic disorders

Cholestasis: The cytoplasm becomes brighter at the sinusoidal
pole, and together with reinforced basophilia at the peribiliary
pole, it points to toxic intrahepatic cholestasis. These changes often
precede the deposition of bile. Histologically, bilirubin is normally
not visible. Under pathological conditions, it appears yellowish-
brown in the liver cells and greenish in the canaliculi. Bilirubin
deposits are referred to as bilirubinostasis. (s. figs. 13.1; 22.4; 29.4)
• In a histological context, the term cholestasis is generally used.
Thus the morphological definition of cholestasis (� bilirubin
deposition) differs from the clinical definition of cholestasis (�
increase in bile acids and alkaline phosphatase, yet without hyper-
bilirubinaemia). Depending on its location, the bilirubin stasis is
classified as hepatocellular (� intracellular), canalicular (� inspis-
sated bile plugs in more or less dilated intercellular bile canaliculi,
first appearing in acinar zone 3 and extending to zone 1) and duc-
tular (� inspissated bile plugs in dilated bile ductules, especially in
long-standing extrahepatic bile duct obliteration.) • In localized
liver damage, focal cholestasis may also be detectable.

Lipid accumulation: The increased deposition of triglycerides in
hepatocytes is deemed to be the most common morphological
change in the liver. It begins within the endoplasmic reticulum,
increasingly displacing the nucleus and organelles to the periph-
ery of the cell. In lipid accumulation, fatty infiltration can be
differentiated from fatty degeneration. The latter manifests as
microvesicular or macrovesicular steatosis. (s. fig. 31.3) Fat
deposits can both support and perpetuate liver cell damage. In
addition, fatty liver cells are more vulnerable to damage from
free radicals, endotoxins and hypoxia. • Acute alcoholic foamy
degeneration of the liver is a particular form of microvesicular
steatosis which diffusely affects the entire liver parenchyma. This
rare and severe disorder was first described in 1983 by T. Uchida.
(50) • Labrea fever is an equally uncommon and serious liver
disease with microvesicular steatosis. It was first observed by B.
Buitrago et al. in the Amazon River basin in 1986. Hepatitis D
superinfection in chronic carriers of hepatitis B is considered to
be the cause; the correspondingly modified hepatocytes are
termed morula cells or spongiocytes. (7) • Cholesterol deposition
mainly in the lysosomes is typical of cholesteryl ester storage
disease (s. figs. 21.5; 31.13) and of Wolman’s disease, while in
Tangier disease (familiar HDL insufficiency), the cholesterol
deposits are found free in the cytosol of these cells. • In
Gaucher’s disease, deposits of glucocerebroside are present. The
pale cytoplasm contains PAS- and diastase-resistant material,
which resembles folded paper. Such hepatocytes are called
Gaucher cells. (s. fig. 31.15) • Similar cells are also encountered
in chronic myeloid leukaemia, plasmacytomas and malignant
lymphomas (� pseudo-Gaucher cells).

Fig. 21.5: Cholesterol ester storage disease (CESD). Micro-/macro-
vesicular fat droplets in hepatocytes and foam cells in a portal
tract (Sudan III)
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Glycogen accumulation: Large-scale deposition of glycogen gives
hepatocytes a plant-like structure. The cells appear bright, are
enlarged and have compressed sinusoids. These variations are
found in glycogenosis IV (Anderson’s disease), whereas in glycoge-
nosis II, the cytoplasm contains fine, PAS-positive vacuoles. •
Lafora bodies are characterized as round-to-oval-shaped, well-
defined, slightly eosinophilic cell inclusions, which give the cyto-
plasm a fine-granular, homogeneous appearance. They are presum-
ably composed of acidic mucopolysaccharides and mainly located
in the periportal hepatocytes. Similar inclusions are found following
the intake of disulfram and INH (� pseudo-Lafora bodies).

Pigment accumulation: Pigments are coloured substances which are
produced in the body (endogenic) or are introduced from the out-
side environment (exogenic). • Noteworthy here are lipofuscine (see
above) and ceroid pigment. (s. fig. 21.6) The latter is a coarse brown
pigment found in hypertrophied Kupffer cells and macrophages.
Ceroid pigment is both diastase-resistant as well as acid-fast. It
derives from the phagocytosis of lipids released from dead hepato-
cytes (heterophagia). • In addition, malarial pigment (s. fig. 25.3),
schistosomatic pigment, melanotic pigment and the porphyrin pig-
ments are worthy of mention.

Fig. 21.6: Brownish ceroid (“decomposition pigment”) in nested
macrophages together with posthepatitic late-phase nodule (HE)
(s. p. 415)

Protein accumulation: The intracellular storage of protein can be
an expression of both adaptive processes and metabolic disorders.
While such deposits are often quite harmless, they may also facili-
tate or even directly cause damage to the cell. • Fibrinogen or albu-
min are occasionally deposited in this way. Proteinocholia reflects
a hepatocellular metabolic disorder as well as a disturbance in bile
acid excretion with marked feathery degeneration. (s. fig 22.4) • In
�1-antitrypsine deficiency, deposits of the altered proteinase inhibi-
tor are found in hepatocytes, appearing as globular, eosinophilic,
PAS-positive, diastase-resistant inclusions, predominantly located
in zone 1. (s. fig. 31.10) • Mallory bodies were first identified in
alcoholic cirrhosis in 1911 by F. B. Mallory, but they are not spe-
cific to alcohol abuse. These inclusions are also found in PBC,
Wilson’s disease, HCC, FNH, NASH, van Gierke’s disease, abeta-
lipoproteinaemia and chronic cholestasis as well as after intestinal
bypass surgery and the use of certain medicaments (e.g. amidaron,
diltiazem, nifidipin). Mallory bodies are aggregated, hyperphos-
phorylated cytoceratine filaments. They are irregularly shaped
(branched, cord-like), thick, eosinophilic cytoplasmic inclusions,
which can be detected immunohistochemically with antibodies to
ubiquitin. Their pathogenesis is unclear. Up to now, no negative
effects upon the existing liver disease are known. (11) (s. figs.
28.1, 28.2)

Inorganic substances: Ferritin represents the primary storage form
of iron in hepatocytes. In the case of iron overload, ferritin is bro-
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ken down into haemosiderin. It is a golden-brown, granular, iron-
containing pigment which appears as blue granules when treated
with Prussian Blue stain. (s. fig. 31.25) • Haemosiderin is mainly
located in lysosomes, but can also be found in the cytoplasm. In
haemolysis, haemosiderin granules are chiefly stored in Kupffer
cells and macrophages, where iron from necrotic liver cells is also
present. • An increased storage of copper occurs in Wilson’s dis-
ease, cholestasis and Indian childhood cirrhosis. The cytoplasmic
copper granules can be displayed with rhodanine or orcein dyes.
The periportal hepatocytes are mainly affected. (s. fig. 31.22) • In
patients with pronounced anthracosis, carbon can also be detected
in the liver cells. (s. fig. 21.7)

Fig. 21.7: Carbon pigment deposits in portal macrophages. Clin-
ical diagnosis: pronounced anthracosis

3.3 Mesenchymal reactions

As a result of degenerative changes, there may be mes-
enchymal reactions such as the formation of stellate cell
nodules (s. fig. 22.2), which reflect previous cellular decay,
or a diffuse spread of retothelial nodules in toxic hepatosis.
Portal cellulations, eosinophilic pericholangitis and pel-
iosis hepatis as well as granulomas also belong to this
group. • Eosinophilic depositions (antigen-AB precipi-
tates) which accumulate in the immediate surroundings
of fungi, parasites or bacterial colonies (i.e. perifocally)
are classified under the term Splendore-Hoeppli phenome-
non (E. Splendore, 1908; R. Hoeppli, 1932). (s. p. 497)

� The occurrence of mesenchymal or even “inflamma-
tory” lesions depends on the type of noxa and the respect-
ive exposure time. Turbid swelling, for example, can be
either an expression of enhanced cellular activity or
indeed a sign of impaired protein metabolism. Perhaps
the deposits of minute fat droplets are a counter-regu-
latory mechanism. With degenerative changes, thought
should therefore always be given to the question of
whether a finding is a compensatory mechanism or
whether it constitutes damage and might, as such, evoke
(secondary) mesenchymal reactions. Transitions may be
fluid, just as epithelial and mesenchymal lesions of differ-
ing intensities can also combine. • Histological terminol-
ogy always depends on the respective findings at the various
stages of change.
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In this context, it is reasonable to address the long-
standing rejection of the term hepatosis. Even if the
objections to the term hepatosis as defined by R.
Rössle (1929) (s. p. 404) are absolutely justified, it is
nevertheless true to say: the primary degenerative
lesions of the liver cell are of central significance �
they can be considered as the key to the development of
multiple functional and structural patterns of damage.

3.3.1 Peliosis hepatis

When portal processes of varying aetiology spread,
sinusoidal structures and cellular systems are damaged.
(52, 54) Toxic effects or local increases in pressure in the
sinusoids, for example, can lead to their dilation with
concomitant epithelial lesions and the destruction of
reticular fibres. The invasion of erythrocytes results in
diffusely distributed cavities filled with blood (so-called
“globoid bleeding”) of 0.5�2.0 mm, even up to 1.0 cm, in
diameter. They were first described by E. Wagner in 1861
and termed peliosis hepatis by F.W. Schönlanck in 1916.
Such cavities possess no endothelium. They are mostly
disseminated, but sometimes arranged focally. All age
groups and both sexes are affected equally. Peliosis hep-
atis is diagnosed with the help of ultrasound, CT or
MRI. The diagnosis can be confirmed histologically
with a liver biopsy. (s. figs. 21.8; 36.15) • The blood-
filled cavities of the parenchymatous type are linked with
the sinusoids; their walls consist of trabeculae formed
from flattened hepatocytes. In contrast, the blood-filled
cavities of the so-called phlebosclerotic type communi-
cate with the sinusoids and the central veins. Indistinct
sinusoidal dilations, so-called hepatic spongiosis (P. Ban-

nasch et al., 1981), are a possible precursor of peliosis hep-
atis. • Peliosis can lead to bleeding into the parenchyma
or abdominal cavity. It is nearly always found in adeno-
mas and FNH. Secondary thrombi may appear at the
centre of the peliotic foci. In the subsequent course of
disease, fibrosis may develop. Despite elimination of the
root cause, a regression is rarely possible. Intra-abdomi-
nal haemorrhages are often fatal. (s. p. 763)

Fig. 21.8: Peliosis hepatis with dilated sinusoids and small trabecu-
lae (�) after intake of contraceptives containing oestrogen (HE)
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The causes of peliosis hepatis are varied and include
anabolic or androgenic steroids, oestrogens (52), azathio-
prine, arsenic, vinyl chloride, tamoxifen and danazol as
well as tuberculosis, histiocytosis, leishmaniasis, leprosy,
carcinoma, sprue, liver abscess, cytomegalovirus infec-
tion, glycogenosis (type I) (14) and marasmus. (46) • Con-
genital (angiomatous) abnormality of the vessels may
also be a contributory factor. (5) The respective develop-
ment of peliosis hepatis is still unclear.

� Bacterial peliosis hepatis has been determined in cases of
HIV infection and cat-scratch fever, where it is caused by
Rochalimaea quintana bacteria (Bartonella henselae). (s. p. 482)
It presents as a proliferation of blood-filled cystic sinusoidal
cavities, which are surrounded by fibromyxoid stroma (M. J.
Dolan et al., 1993). Sometimes it is possible to identify the caus-
ative organism using PCR or staining with a silver dye (War-
thin-Starry). Treatment can then follow with antibiotic agents,
such as erythromycin, doxycyclin or clarithromycin.

3.3.2 Granulomas

Granulomas develop as a knot-like collection of macro-
phages, plasma cells, lymphocytes, histiocytes, fibroblasts
and multinuclear giant cells of the Langhans’ or foreign-
body type. They are considered to be a particular form of
chronic inflammation. In principle, two forms are dif-
ferentiated: (1.) immune granulomas and (2.) foreign-
body granulomas. • In the case of immune granulomas,
macrophages can, following antigen stimulation, trans-
form into epithelioid cells, which produce large quantities
of cytokines. The centre of these epithelioid granulomas
are populated with CD4� cells, whereas the periphery is
predominated by CD8� cells. Immune granulomas can
also have a lymphohistiocytic structure. Due to the high
turnover rate of their cells, immune granulomas are
extremely dynamic entities, whose morphology can vary
greatly. • Foreign-body granulomas typically contain the
causative substance (e. g. starch, silicone, mineral oil,
beryllium). Lipogranulomas are also included here. (13) •
Granulomas can sometimes completely degenerate.
However, in cases where the causative agent remains, they
may also persist or scar over. (s. figs. 21.9, 21.10; 24.4,
24.8, 24.14; 29.6, 29.7)

Granulomas are generally distributed focally through-
out the liver, mostly within the liver lobules and less
frequently in the portal fields. As a rule, the normal
lobular architecture is not affected. Granulomas located
on the surface can be visualized laparoscopically as
small, greyish-white foci, which can be conveniently col-
lected by forceps biopsy for histological examination.

In genuine granulomas, it is often possible to identify the underly-
ing causative disease (e.g. tuberculosis, syphilis) as a specific form
of reaction with typical tissue structures; one can sometimes also
demonstrate the presence of pathogenic organisms in the granu-
loma. • Genuine, unspecific granulomas constitute a largely uniform
reaction of the liver to different causes. • Lipogranulomas result
from the destruction of fatty liver cells. They are composed of
phagocytizing and epithelioid cells and surrounded by ring-shaped
histiocytes. In particular, they are found in alcoholic liver damage.
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(13) • With certain limitations, it is possible to distinguish sarcoid-
like granulomas, which are considered to be a resorption phenome-
non. They are made up of round cells and histiocytic epithelioid
cellular tissue, occasionally with ceroid-containing macrophages or
foreign-body giant cells; sometimes central necrosis or caseation is
evident. Although the borders of the parenchyma are indistinct,
they can still be identified. The healing process takes place with
fine cicatrization. • Eosinophilic granulomas are seen as an expres-
sion of hyperergic immune reactions. They contain epithelioid cells
and eosinophilic leucocytes. (8, 10, 12, 13, 18, 21, 25, 51, 53)

Medicaments Parasites
Acetylsalicylic acid Amoebiasis
Allopurinol Ankylostoma
Cephalexin Ascaris lumbricoides
Clofibrate Lambliasis
Diazepam Larva migrans
Fluothane Linguatula serrata
Halothane Schistosomiasis
Hydralazine Strongyloidiasis
Hydrochlorothiazide Toxocara canis
Interferon-α

FungiIsoniazid
AspergillosisMetahydrin
BlastomycosisMethyldopa
CandidiasisMetolazone
CoccidioidomycosisPenicillin
CryptococcosisPhenytoin
HistoplasmosisPhenylbutazone
TorulopsosisProcainamide

Procarbazine Neoplasia
Quinine

Hodgkin’s diseaseSulphonamide
Intestinal adenocarcinomaSulphonylurea
ImmunopathiesBacteria
Basedow hyperthyroidismActinomycosis
BCG vaccineBrucellosis
Erythematodes visceralisLepra
Granulomatosis infantisepticumListeriosis
HypogammaglobulinaemiaM. avium intracellulare
Polymyalgia rheumaticaM. tuberculosis
Primary biliary cholangitisMelioidosis
SarcoidosisNocardiosis
VasculitisSalmonellosis
Wegener’s granulomatosisStaphylococcal sepsis

Tularaemia Foreign bodies
Yersiniosis Berylliosis

Drug abuseViruses
Mineral oilCytomegalovirus

Felinosis Enteropathies
Infectious mononucleosis Crohn’s disease
Influenza B Eosinophilic gastroenteritis
Viral hepatitis A Ulcerative colitis

Whipple’s diseaseProtozoiases
Rickettsiosis
Toxoplasmosis

Tab. 21.1: Possible causes of the formation of granulomas in the
liver (s. figs. 21.9, 21.10; 24.4, 24.8, 24.14; 29.6, 29.7)

In over 80% of patients, tuberculosis, sarcoidosis and
medicaments are the main causal factors. (51) In most
cases, granulomas are discovered accidentally during
liver biopsy. They cause no discomfort, and there are no
clinical findings or any deviations from normal labora-
tory parameters. However, they sometimes give valuable
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Fig. 21.9: Sarcoid granulomas (miliary type, up to the size of a
lentil) on the liver surface (right liver lobe)

Fig. 21.10: Fibrosing epithelioid cell granuloma containing giant
cells in sarcoidosis

hints of the underlying disease. It should be mentioned
that therapy can only be directed at the underlying dis-
ease itself. (s. tab. 21.1)

From the pathologist’s point of view, the term granu-
lomatous hepatitis is incorrect: the detection of granu-
lomas never represents a histomorphological picture
of “hepatitis”, even in cases where the granulomas
are densely accumulated in the portal fields or indeed
diffusely distributed in the parenchyma. Granulomas
are considered to be harmless findings in the sense of
a local mesenchymal or hyperergic concomitant reac-
tion of the liver to toxic lesions as well as to extra-
hepatic causes � they do not actually constitute a
liver disease, nor can they be seen as a liver disorder
of any significance. (36)

It has indeed been postulated that granulomatous hepati-
tis exists as a disease in its own right with fever of
unknown origin, an increase in transaminase activity,
lymphocytosis, splenomegaly, myalgia or arthralgia,
weight loss, fatigue and malaise (M. Eliakim et al., 1968). •
Yet, the concomitant increase in the blood sedimenta-
tion rate as well as the rise in alkaline phosphatase may
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well be assigned to rheumatic polymyalgia or autoim-
mune vasculitis (s. tab. 5.9!) � in the same way that the
positive response to glucocorticoids points to an immu-
nopathy which may really exist.

3.4 Cell death and necrosis
3.4.1 Programmed cell death

Like practically all other tissue cells of the organism,
hepatocytes are subject to physiological ageing, a pro-
cess that is controlled by specific biochemical signal
substances. The normal, genetically determined life-span
of hepatocytes is 200 (150�400) days. This programmed
cell death or death due to ageing (C. Vogt, 1842) is known
as apoptosis, which in Greek means “falling of the leaves
from the trees” (J. F. R. Kerr et al., 1972). (28) Apoptosis is
of great significance for the homoeostasis of tissues and
for the removal of old, injured or mutated cells. • It is a
genetically programmed and regulated, active, energy-
consuming process, whereby the liver cell controls its
own death. Both physiological and pathological stimuli
can initiate apoptosis. It is important that the integrity
of the plasma membrane remains intact. Despite the
death of individual liver cells, the tissue structure is not
affected. The remaining apoptotic bodies are later
phagocytized by macrophages. (4)

A cell surface receptor (CD 95/APO-1/Fas) that can
trigger apoptosis was described for the first time in 1989
(S. Yonehara et al.). In addition to Fas, there are further
receptors which mediate the apoptosis of hepatocytes,
such as TNF-δ, TGF-β and TRAIL (� TNF-related
apoptosis-inducing ligand). (16, 41) Pro-apoptotic pro-
teins include Bcl-2, Bcl-w, Mcl-I and Brag-1; anti-apop-
totic proteins include Bax, Bad, Bak and Bag. Only iso-
lated cells are affected by apoptosis, usually 40�60 per
105 hepatocytes, mainly in the area of two cellular col-
umns around the terminal liver vein. The process of
apoptosis appears to be irreversible. At first the cell dis-
engages from the neighbouring cells, showing “wild
movements” (so-called boiling stage). The stability of
the cell membrane declines, and evaginations of the cell
appear (so-called zeiosis). Finally, vesicles encompassed
by membrane are discharged (so-called blebbing stage).
The cell nucleus ruptures, and chromatin is condensed;
the DNA is split. The organelles are not changed, and
no lysosomal enzymes are released. No inflammatory or
fibrotic reactions occur. The remnants of the apoptotic
hepatocytes form eosinophilic acidophilic bodies. They
are then expelled from the cell aggregate and later
phagocytized by Kupffer cells. These residual bodies are
additionally found in cases of viral hepatitis, drug-
induced toxic liver damage and yellow fever; they are
also called Councilman bodies. The shrunken cell or
other cellular residues are likewise phagocytized. • The
decomposed liver cells are replaced by new hepatocytes
(“moulting”). It can be assumed that the normal values
of liver enzymes (with their relatively low range of varia-
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tion) are largely based upon this programmed cell death.
(4, 32)

The genetically determined normal life-span of hepa-
tocytes is, however, impaired by the negative effects
of an unhealthy lifestyle, exogenous and endogenous
noxae, or pathological processes. • In such instances,
the physiologically programmed death of cells due to
ageing is prematurely triggered by provoked cell death.

3.4.2 Provoked cell death

� Provoked cell death is not genetically regulated, but
is a passive, incidental process triggered by pathological
stimuli. This is a non-energy-consuming process, whereby
the integrity of the plasma membrane and of the organ-
elles is destroyed, as is the overall tissue structure. The
result is cellular disintegration with subsequent release
of the cell contents into the extracellular space. This is
followed by a concomitant inflammatory response, later
progressing to tissue regeneration or fibrosis. Possible
causes are: (1.) severe disorders of the mitochondrial
energy metabolism with loss of ATP, (2.) loss of protec-
tive cellular substances, such as reduced glutathione,
and (3.) release of lysosomal enzymes and toxic oxygen
products (such as H2O2, hydroxyl radicals and singlet
oxygen) by activated macrophages. (4) • These causal
pathobiochemical factors affect hepatocytes in various
modes and combinations as well as over different time
sequences. The degenerative reactions are correspond-
ingly variable and intensive. Provoked cell death always
affects larger accumulations of liver cells. At the outset,
the organelles are usually damaged, with a number of
noxae initially causing harm to certain components of
the cell (mitochondria, membranes, cytoskeleton, lyso-
somes, etc.). Lysosomal enzymes are released from the
liver cells at an early stage. As a rule, inflammatory and
scarring reactions are witnessed. • Thus the degenerative
changes, which are in themselves always reversible, can
indeed ultimately become irreversible and hence cause
cell death.

3.4.3 Cell necrosis

Cell necrosis in the form of coagulation necrosis or colli-
quation necrosis can be detected approximately 6 hours
after the death of a liver cell. • Coagulation necrosis is
characterized by a loss of water with subsequent con-
centration of the cytoplasm and shrinkage of the cell.
This is also termed acidophilic necrosis. Shrinkage leads
to eosinophilic, elongated and unevenly frayed hepato-
cytes, so-called stift cells. This break off its connection
to adjacent cells. The nucleus becomes pyknotic and
caryolytic. The remaining cytoplasm is strongly eosino-
philic owing to the breakdown of RNA and denatur-
ation of protein. • Colliquation necrosis, nowadays
known as lytic necrosis, becomes evident in cases of
water uptake and cell swelling (ballooning). It is caused
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by the impact of hydrolytic enzymes (proteases, nucleo-
tidases). Cytolysis, which is focused on the lobules, leads
to patchy or string-like parenchymal loss. Inflammatory
infiltrates occur as a reaction to lytic necroses. Various
patterns of necrosis are differentiated according to the
degree and distribution of cell destruction in the acinus.
The liver cells disappear as a result of enzymatic lysis,
and empty reticular fibre nets (s. p. 19) (s. fig. 2.7) or
even collapsed fibre areas are the outcome. (3)

Programmed cell death (apoptosis) and cell necrosis can
be differentiated by morphology. However, liver diseases
are often accompanied by a combination of both pro-
cesses, so that there is mostly no clear borderline. There-
fore, the term necrapoptosis was introduced. (30) This
coexistence of apoptosis and necrosis can often be
explained with the help of calcium-induced mito-
chondrial permeability transition (MPT) (D.R. Hunter et
al., 1976).

A prerequisite for the development of cell necrosis is the
loss of cellular ATP reserves. However, 15�20% of the
normal ATP reservoir are sufficient to prevent cell lysis.
In the same way, fructose (a glycolytic ATP donor) has
been shown to inhibit cell necrosis in laboratory experi-
ments. This could be an explanation for the fact that
fructose infusion was formerly considered to be effective
in liver diseases.

Single-cell necrosis: Necrotic hepatocytes are found both
as groups and in isolation. Initially, they either form small
patches or are disseminated throughout the liver. The
reticular fibres at first remain, but are later removed.

Cell-group necrosis: Lytic necrosis comprising larger
groups of hepatocytes can be located at certain posi-
tions within an acinus (� zonal necrosis) or throughout
the entire lobule (� panlobular necrosis). • So-called sur-
gical necrosis occurs mainly during abdominal opera-
tions and can manifest in single-cell or cell-group forms.
It results from surgical trauma or hypoxia and is princi-
pally found in centroacinar areas.

Confluent necrosis: Cell-group necroses can merge
within a lobule (� submassive necrosis) or connect
affected areas in several different lobules (� multilobu-
lar necrosis).

Bridging necrosis: These are extensive types of confluent
necroses lying within a single acinus or connecting neigh-
bouring lobules (J. L. Boyer et al. 1970). The reticular fibre
network collapses. Bridging necrosis can appear between
the central veins (� venovenous) or the portal tracts (�
portoportal) of neighbouring lobules. Once they have
been removed, it is possible to identify a strand-like col-
lapse of the reticular fibres of the sinusoids.

Piecemeal necrosis: This is the fundamental element of
a progressive, chronic-inflammatory process. The necro-
sis is brought about by cytotoxic T lymphocytes, which
may be located within a recess of the hepatocyte (�
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Fig. 21.11: Degenerated hepatocyte with either an intracellular
located lymphocyte, often surrounded by a narrow clear halo (�
emperipolesis) or a lymphocyte invaginated in the cell membrane
(� peripolesis) � it is perhaps a T lymphocyte. This condition
points to immunologically induced liver damage in florid virus
hepatitis B (HE)

peripolesis) or inside the hepatocyte itself (� emperi-
polesis). (s. fig. 21.11) • The necrotic process takes place
at the crossover between mesenchyma (portal tract,
septa) and parenchyma, whereby mononuclear cells
(primarily lymphocytes, plasma cells, macrophages)
penetrate the boundary and infiltrate the acinus (�
interface hepatitis). The interface between parenchyma
and mesenchyma becomes blurred. Kupffer cells are
hypertrophied and there is a proliferation of the ductuli.
So-called liver cell rosettes are also occasionally found
near piecemeal necroses. (31) These are light-coloured,
hydropic hepatocytes which are arranged around a
central lumen and often surrounded by fine connective-
tissue fibres. Liver cell rosettes are deemed to be an
expression of regenerative activity.

The progressive course of cell damage through to cell
death is mainly characterized by two biochemical meta-
bolic processes: (1.) oxidative stress and (2.) disruption
of intracellular Ca2� homoeostasis. These two processes
interact, so that the oxidative stress induces the disrup-
tion of calcium homoeostasis; there are also, however,
other reciprocal actions/effects involving further cellular
metabolic processes. (27)

� Oxidative stress is occasioned by the dominance of pro-oxidants
(� reactive oxygen intermediates) over anti-oxidants (� enzymatic
or non-enzymatic anti-oxidants as well as auxiliary reactions sup-
porting anti-oxidants). (s. p. 67) Several pro-oxidants possess prop-
erties of radicals, rendering them particularly reactive and unsta-
ble; some reactive oxygen intermediates (ROI) are not radicals.
ROIs are indispensable to many metabolic processes � yet if they
predominate, they precipitate severe damage to various biological
substances. They are able to evoke the particularly important oxi-
dation of polyunsaturated fatty acids (� lipid peroxidation) (s. p.
68) or address target areas in carbohydrates and proteoglycans,
proteins or enzymes, and nucleic acids. The disruption of totally
different cellular substrates in a variety of intensities and combina-
tions can produce a multifaceted picture of biochemical damage
and its outcome. In contrast, cell damage may not only be the
upshot of oxidative stress, but also the cause of it, so that a vicious
circle is set up, whereby the cellular damage is reinforced. An
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imbalance between pro-oxidants and anti-oxidants with a predo-
minance of reactive oxygen intermediates or free radicals can
therefore culminate in hepatocellular degeneration and provoke
cell death. (15, 24, 44, 45) (s. fig. 21.12)

� Disrupted calcium homoeostasis: Normal concentrations of ion-
ized calcium in the cytosol (0.05�0.2 µM), in the overall liver cell
(0.5�2.0 µM) and in the extracellular space (1.0 µM) maintain
the function of numerous Ca-dependent enzymes and structural
elements of the liver cell. Calcium homoeostasis is maintained by
the regulatory functioning of all Ca2� transportation systems,
energy supply in the form of ATP and intactness of the biomem-
branes. Defective calcium homoeostasis can cause an increase in
calcium in the cytosol, which in turn activates calcium-dependent
enzymes, alters the metabolic functions of the cell and disrupts the
gap junctions and tight junctions. These biochemical changes
result in various forms of hepatocellular degeneration and ulti-
mately in cell death. (s. fig. 21.12)

Noxae

Oxidative stress

Hypoxia/hyperoxia, toxins, infection, radiation,
hypernutrition, etc.

Pro-oxidants Anti-oxidants

1. Reactive oxygen intermediates

ROI-producing enzymes and their substrates

Free radicals

2. Development of lipid peroxidation

3. Damage to cellular membranes

(morphological and biochemical)
– Release of Fe2+ and Cu2+

– Release of haemoproteins

4. Disruption of liver cell functions

– Reduction in detoxification capacity
– Reduction in energy metabolism
– Rise in lysosomal enzymes
– Formation of eicosanoids
– Disruption of genetic expression, etc.

5. Intracellular Ca2+ enhancement

Evidence of pathological laboratory values

6. Liver cell death/necrosis

7. Liver insufficiency

Fig. 21.12: Biochemical causative mechanisms of hepatocellular
degeneration and cell death due to oxidative stress and disruptions
of cellular calcium homoeostasis (similar to a vicious circle)

3.5 Regeneration

Our present knowledge concerning the extraordinarily
complex process of liver regeneration stems almost
exclusively from experiments on animals and isolated
hepatocytes in culture. • In principle, this exceedingly
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complicated concept depends on the close collaboration of
hepatocytes, non-parenchymal cells and elements of the
extracellular matrix as well as the fine coordination
between proliferative and anti-proliferative factors.

Physiological liver regeneration follows the physiological ageing
of the liver cells (� programmed cell death). (s. p. 400) Repara-
tive liver regeneration results from a loss of liver tissue or cell
death caused by damage. Complete regeneration leads to normal
histo-architecture and return of all cell-specific functions.
Incomplete regeneration is given if the defective area is filled
with replacement tissue.

In the process of regeneration, irreversibly damaged or
surgically removed liver tissue is replaced as far as pos-
sible by new growth. The regeneration of the liver (s. p.
5!) is a most important process in (1.) overcoming
necrosis, (2.) determining the course of a liver disease,
(3.) liver resection, (4.) partial liver transplantation, and
(5.) liver cell transplantation. (29)

The morphological signs of liver regeneration mainly
include (1.) increase in cell proliferation (� bright cyto-
plasm of the hepatocytes) and mitoses, (2.) appearance
of hepatocytes containing 2�3 nuclei with greater vari-
ability (� dyskaryostasis), (3.) formation of 2�3 rows of
liver cell trabeculae, (4.) occurrence of liver cell rosettes
around a central lumen, and (5.) proliferation of cholan-
giocytes. • The hepatocytes of a cirrhotic liver react to
a significantly smaller extent to growth-stimulating
factors than those of the normal liver (S. Kiso et al., 1994).

The regenerative processes can largely be attributed to
enhanced cellular division, i. e. compensating hyperplasia
(� increase in the tissue volume through a rise in the
number of cells), and to the differentiation and multi-
plication of liver stem cells, particularly in those cases
where the remaining liver tissue is insufficient to induce
adequately compensating hyperplasia. Thus a loss of
< 15% of liver tissue does not induce compensating
hyperplasia, whereas a loss of > 75% of liver tissue
means that DNA synthesis does not suffice to compen-
sate such extensive tissue damage. • With a loss ranging
between 15 and 75%, DNA synthesis and the mitotic
index are enhanced in the remaining liver in relation to
the reduction in tissue volume. (39)

Liver regeneration takes place in three phases: (1.) pre-replicative
phase, with preparation for mitosis, (2.) proliferative phase, with
wave-like mitoses at 6�8 hour intervals, and (3.) restitution phase,
with reconstitution of the liver structure. • There are two stages to
this whole process: (1.) priming, which is the transition of latent
hepatocytes (G0) into the mitotic cycle (G1) � this reversible pro-
cess is triggered by cytokines, hormones or other permissive sub-
stances, whereby the cells proliferate due to stimulation by the
growth factor; (2.) progression is the transition from G1 to DNA
synthesis (S) � this transition point from G1 to S is marked by
the expression of cyclin D1.

� DNA synthesis commences just 10 to 12 hours after
partial liver resection, and after another 10 to 20 hours,
mitotic division reaches maximum activity. Replication
in the endothelial cells and bile duct epithelia follows
within 1 to 3 days. Consequently, 3 or 4 weeks subse-
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quent to a right-sided hemihepatectomy, the size, struc-
ture and function of the liver are largely restored, and 6
months later, regeneration is generally complete. • After
restoration of the normal organ size (with a fluctuation
range of only 5�10%), the regenerative processes come
to an end � there is no “overregeneration”. Nor is there
any formation of hepatomas or malignant trans-
formations. The best conditions for regeneration are
found in young patients (10 to 45 years of age).

Regulation: The course taken by regenerative processes is regulated
by cyclins and CDK (� cyclin-dependent kinases). The regenera-
tive cycle is also controlled by cell-specific regulator proteins. They
are designated by the letter “p” (protein) and their respective
molecular weight (given in kD), e. g. p16, p21, p24, p27, p53, p107.
• There are numerous signal compounds which are essential to the
regeneration of the liver, acting in a stimulating or inhibiting
capacity in accordance with the respective regeneration phase.
They likewise consist of small protein particles which have a wide
range of action. These signal substances act through receptors
attached to the cell membrane. As a result, biochemical signals are
directly transmitted to certain organelles in the cell and the
nucleus, where the transcription of specific genes is controlled.

Stimulators such as HGF (� hepatocyte growth factor), TGF-�
(� transforming growth factor), EGF (� epidermal growth factor),
FGF-1 and 2 (� fibroblast growth factor), CT-1 (� cardiotrophin
1) and HSS (� hepatic stimulatory substance) affect DNA synthe-
sis and the replication of hepatocytes. • The so-called permissive
substances, which are considered to be essential for the effec-
tiveness of the growth factors, are glucagon, insulin, IGF-I and II,
T3 and T4, calcitonin, ACTH, oestrogens, vasopressin and
interleukins. • HGF is regarded as the most effective mitogen,
whereby this effect is enhanced by noradrenaline. Merely 1 or 2
hours after a partial liver resection, the plasma levels of HGF
increase to 15�17 times their normal value; 10 to 20 hours later,
the rise in DNA synthesis commences. In fulminant liver failure,
the HGF levels were found to be elevated, as they were in 80% of
patients with CAH or cirrhosis; this is probably due to the insuffi-
cient hepatic clearance of HGF or to its increased formation in
the extrahepatic cells. • TGF is of importance in stimulating the
proliferation and differentiation of hepatocytes. In contrast, FGF-
2 and plasminogen are mainly responsible for the proliferation of
non-parenchymal cells and for angiogenesis.

Inhibitors of DNA synthesis and cell replication are TGF-β and
HPI (� hepatic proliferation inhibitor). Their function is to block
the growth-promoting factors once the nominal size of the liver
has been reached. • The regeneration course is, however, also
linked to a complex network of biochemical processes, including
the polyamines (putrescine, spermidine and spermine) as well as
the precursors of nucleic acids (orotate, thymidine and uridine).
(17, 33, 47�49, 55, 56)

The coordinated and regulated regeneration of the
liver can thus be regarded as one of the most out-
standing features in human life � no other organ
possesses this ability to regenerate, with the complete
restoration of size, structure and function. • Why �
one may ask � was this ability attributed only to the
liver as far back as antiquity, and not to any other
organ? Was this just a product of the imagination pro-
jected into this mantically meaningful organ, or had
the repercussions of liver injury really been observed?
After all, the first two hints of the regenerative capacity
of the liver go back almost 3,000 years! (s. p. 5)
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3.6 Fibrogenesis

� The process of fibrogenesis results in an increase in
the extracellular matrix, i. e. all insoluble organic con-
stituents of the interstitial space. This represents an uni-
form, dynamic and potentially reversible reaction of the
liver to chronic injury. Fibrosis is considered to be a
possible forerunner of liver cirrhosis.

The functions of the extracellular matrix are manifold: (1.) stabil-
ization of the tissue and organ structure, (2.) structural linkage of
cells, (3.) transmission of information between the various types
of cells within the tissue and the extracellular milieu, (4.) adhesion
or migration of cells, and (5.) influence on the development and
differentiation of cells and their polarity. • In fibrogenesis, collagen
fibres build the framework in which the other components of the
extracellular matrix are embedded. In line with this wide scope
of functions, the extracellular matrix is not only organ-specific as
regards its architecture, but it also displays variations at different
locations within the liver, e. g. in Disse’s space, in the periportal
fields and within the acinus zones. • The extracellular matrix is a
dynamic structure, i. e. there is a constant equilibrium between
build-up (by matrix-metalloproteinases � MMP) and break-down
(by tissue inhibitors of matrix metalloproteinases � TIMP).

The main constituents of the extracellular matrix are (1.) collagen,
particularly the fibrillary types I (36%), III (36%) and V (16%) as
well as the non-fibrillary types IV (9%), VI (0.2%) and to a minor
degree also type VII, (2.) glycoproteins (fibronectin, tenascin, lami-
nin, undulin, elastin, entactin), and (3.) proteoglycans of both the
core protein and the glycosaminoglycan type (e.g. chondroitin,
heparan sulphate, hyaluronic acid, dermatan sulphate).

Profibrogens: These matrix substances are produced in a variety of
ways in the liver and sinusendothelial cells. The Ito cells, which are
activated into myofibroblasts, are deemed to be the most impor-
tant site of synthesis for virtually all types of matrix. Stellate cells
take in apoptotic hepatocyte remnants. As a result, they produce
10 times more collagen I and 8 times more TGFβ1. The latter acti-
vates fibroblasts and keratinocytes. Furthermore, perivenular myo-
fibroblasts, portal fibroblasts, sinus endothelium and bile duct epi-
thelium can take over the synthesis of matrix proteins. Production
of the matrix substances is stimulated by signal substances and
controlled by regulatory factors. (s. tab. 21.2)

Antifibrogens: Some cytokines and peptides have an inhibitory
effect on fibrogenesis. Formation and breakdown of the extracellu-
lar matrix are regulated by collagenases, stromelysin, proteases,

Profibrogens Antifibrogens

Endothelin-1 HGF
FGF Interferon-γ
ILGF Interleukin-10
Interleukin-1, -4, -6 TNFα
Leptin (in ASH and NASH) etc.
PDGF
TGFα
TGFβ1

Drug-related antifibrogenesis

Canrenone Baicalen
Captopril Colchicine
Interferon-α Glyzirrhicin
Pentoxyfilline Halofuginone
Silymarin PGE2

Tab. 21.2: Some cytokines and peptides as well as chemical or
herbal substances with profibrogenetic and antifibrogenetic effects
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endoglycosidases, etc. These enzymes, which are responsible for
breaking down the components of the matrix, are mainly produced
in Kupffer and endothelial cells as well as in fibroblasts. • A
number of substances also have an antifibrogenic effect under clin-
ical conditions. In this context, pentoxyfylline and silymarin are
worth mentioning; of equal interest are halofuginon and baicalen
extracted from the Chinese plant sho-saiko-to. (35) (s. tab. 21.2)

Pathologic fibrogenesis: As a rule, there are no abnormal matrix
components in pathological fibrogenesis; the tendency is for the
total mass to increase as much as 8 to 10 times the normal amount,
albeit in varying proportions for each individual substance. There
is an excess of collagen types I and IV as well as of hyaluronane,
chondroitin sulphate and dermatan sulphate, with a relative reduc-
tion in heparan sulphate. The collagen content (with a normal level
of 0.5%) may rise to 50% of the protein fraction of the liver, which
is equivalent to 3 to 6 times the normal level of approximately 7
mg/g wet weight. Acetaldehyde produced during the metabolism
of alcohol considerably stimulates fibrogenesis by enhancing the
transcription of genes for matrix components, in particular colla-
gen type I and fibronectin. Reactive oxygen intermediates as well
as non-protein-bound iron in haemochromatosis also have a stimu-
lating effect on fibrogenesis.

Standstill: It can be assumed that fibrogenesis will initially come
to a standstill upon cessation of the causative factors or stimulat-
ing signals. When the extracellular matrix is only moderately
increased, the lobular structure, the vascular supply and the bile
flow from the periportal fields are undisturbed. A balance between
the stimulation and inhibition of fibrogenesis can develop, stop-
ping “liver fibrosis” at the point which has been reached.

Regression: It is of clinical relevance that an enzymatic breakdown
occurs as well in order to cope with the augmented production
of matrix components, thereby resulting in regression of fibrosis.
Whether, on the other hand, pathological fibrogenesis progresses
even after the causative factors cease to be present has not yet
been clarified, even though this has been demonstrated in vitro.
(6, 19, 23, 35, 37, 42)

4 Hepatitis and hepatosis
4.1 Hepatitis
� It was Diogenes of Appolonia who first used the term “hepatitis”
when referring to the so-called “liver vessel”. (s. p. 6) • In his “His-
toria hepatica” (1725), J. B. Bianchi later grouped the various types
of diffuse inflammation of the liver under the term “hepatitis”.

In histomorphological terms, hepatitis means “inflammation of
the liver”. The factor causing the disease may spread from the
initially or predominantly affected mesenchyma to the liver cells
(such as in kala-azar and malaria), or the primarily or mainly
affected liver cells may subsequently incorporate the mesen-
chyma into the damaging process (as for example in yellow
fever). • In leptospirosis and herpes virus infection, the mor-
phological finding is determined almost exclusively by changes
in the parenchyma, while mesenchymal reactions are hardly or
not at all present.

� As long as the interaction between the liver and the
causative factor (viruses, toxins, noxae, etc.) is restricted
to the mesenchyma or the connective tissue (particularly
within the periportal field), i. e. if directly adjacent hepa-
tocytes have not as yet been damaged, no rise in trans-
aminase levels (GPT, GOT) is to be expected in labora-
tory examinations. These mesenchymal reactions range
from signs of portal inflammation (cellulation, oedema,
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activation of fibroblasts) to Kupffer cell reactions
(changes in shape, swelling, proliferation or pseudopro-
liferation) through to proliferation of the bile ducts and
fibrotic processes.

� The spread of the damaging processes to adjacent
hepatocytes is signalled by an increase in transaminase
activity; the liver cell membranes are also affected. The
result is an enhanced release of cytoplasmic enzymes
(GPT, to a lesser extent also GOT) into the serum. Ul-
timately, cell necrosis must be expected with a rise in
mitochondrial enzymes in the serum (GDH, mGOT).
From the point of view of biochemistry, the term hepa-
titis presupposes an increase in indicator enzymes once
when the hepatocytes have been damaged or destroyed.
(s. pp 93�95) (s. tabs. 5.3�5.5)

The term hepatitis is frequently used with a variety of
differentiating attributes, such as acute, necrotic,
chronic, cholestatic � as well as with attributes which
are not quite correct from a pathohistological view-
point, such as diffuse, non-specifically reactive, granulo-
matous or focal. • Taking a histological and biochemical
approach, the complex process of hepatitis can indeed
be accepted as such and allocated to a larger group of
clinical pictures. • This interpretation might make it eas-
ier to understand the terms “serous inflammation” (R.
Rössle, 1929) and “acute interstitial serous hepatitis” (H.
Eppinger, 1937).

The classical inflammation criteria such as exudation,
cellulation and proliferation can only be applied to the
liver with some reservations, since the emphasis in this
instance is on the sinusoids, which already display max-
imum permeability under normal conditions. The in-
crease in capillary permeability, required by the defin-
ition of inflammation, is really only applicable to the
area of the vascularized portal fields, e. g. in purulent
cholangitis. The definition of inflammation can only be
applied to classic acute viral hepatitis. (s. p. 415)

It is to be expected that the current criteria of inflam-
mation in hepatology will be reviewed and revised.

4.2 Hepatosis

The term hepatosis was used for the first time (according
to our research) by F. Pielsticker in 1921 (34) in analogy
to the nephrosis-nephritis concept before being subse-
quently adopted by A. Géronne. (22) It was then made
generally known on a large scale and became the subject
of controversial discussion as a result of the frequently
quoted publication by R. Rössle (1929). (38) Especially H.
Kalk (1957) showed a commitment to this concept. •
Hepatosis can be defined as a “metabolic disorder of the
hepatocyte in the widest sense” (L.-H. Kettler, 1965),
which is the focal point for the morphological approach
during the entire course of disease (G. Holle, 1967; H.U.
Zollinger, 1968; W. Doerr, 1970; O. Klinge, 1984).
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� Non-inflammatory, primary degenerative changes in
the liver, which mostly affect only the parenchyma, are
known under the term hepatosis. The causative damage
can be of an exogenous or endogenous nature. Electron
microscopy has yielded a better understanding of the
primary degenerative alterations of the liver paren-
chyma, which in turn has been the reason for a revival
of the term hepatosis. (s. p. 398)

Endogenous hepatosis comprises endogenous metabolic disor-
ders of the liver cell; as a rule, the terminology used in this
context refers to the accumulated substances (e.g. glycogeno-
sis), the harmful substrate (e. g. fructose-1 phosphate) or the
enzyme defect (e. g. α1-antitrypsin deficiency).

Exogenous hepatosis is caused by numerous and varying sub-
stances, which are taken up externally and transported to the
liver cell, such as alcohol, medication, chemicals, toxins, etc. Its
pathogenesis is still unresolved, which is why the nomenclature
remains subject to debate.

5 Fibrosis and cirrhosis
5.1 Fibrosis

Fibrosis is defined as local or diffuse augmentation of
the extracellular matrix together with an additional
disproportionate increase in its individual compon-
ents. It is not possible to detect any structural or
functional abnormality concerning the respective
matrix substances, which are now being generated to
a growing extent. The lobular structure remains
intact. Fibrosis is a dynamic process which is poten-
tially reversible.

Fibrosis is usually the consequence or concomitant
symptom of a chronic hepatobiliary disease, the course of
which can itself in turn be unfavourably influenced by the
fibrosis. The matrix substances, which are being produced
in greater quantities, are increasingly deposited in Disse’s
space in the portal field and periportal area as well as
around the terminal liver vein.

Morphological changes result from the increasing deposi-
tion of matrix components: more pronounced portal and
periportal formation of connective tissue, constriction of
lobular areas by connective tissue, narrowing or obstruc-
tion of small vessels, neovascularization within the con-
nective tissue septa, and disorders in the lobular struc-
ture. • Functional disorders are likewise witnessed: the
haemodynamic system is impaired to an increasing
extent, resulting in portal hypertension with its own spe-
cific complications; the metabolic exchange of substrates,
the oxygen supply and the clearance of toxic substances
are considerably impeded; the bile flow from the portal
fields is reduced. • Hepatic fibrosis can come to a stand-
still at any given level, either temporarily or permanently,
yet can even be accelerated by the activation of Ito cells.
It is also possible for the fibrosis to regress as a result of
enzymatic breakdown. (1, 6, 23, 35, 40)
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� In line with the differences in aetiopathogenesis, there
are various mechanisms of fibrosis development: (1.) fibro-
sis due to changes in preformed intralobular and portal
fibres, (2.) fibrosis resulting from the destruction of liver
cells (� substitute fibrosis), (3.) fibrosis as a consequence
of the collapse of the reticulin-fibre scaffolding (yet with-
out an increase in collagen fibres) with complete or par-
tial lobular necrosis or bridging necrosis (� collapse
fibrosis), (4.) enhanced neoformation or diminished
breakdown of the extracellular matrix, and (5.) fibrosis
resulting from the proliferation of bile ducts (� periductal
fibrosis). (s. fig. 32.12)

Serum markers of fibrosis: The clinical validation of possible serum
markers of fibrosis or fibrolysis causes great difficulties, since this
condition generally shows only slow changes over a long period.
Furthermore, the ubiquitous presence of molecules of the extracel-
lular matrix in other organs can produce false values in liver fibrosis.
• The propeptide of type III procollagen (P-III-P) is taken as a
serum-related marker for assessing the metabolism of collagen. The
P-III-P value is a criterion for measuring the turnover of extracellu-
lar matrix components. (s. p. 112) (26, 43) In the meantime, it is pos-
sible to measure several markers of matrix deposition (e.g. P III C,
P III N, tenascin) or matrix removal (e.g. P IV C, P IV N, collagen
IV, undulin) with the help of reproducible and relatively sensitive
sandwich ELISA tests. Similarly, an elevated serum value of TGFβ1

can point to increased fibrogenesis. (1, 35) • A decrease of the
prothrombin index less than or equal to 80% points to severe fibrosis.
(8) The introduction of useful markers for connective-tissue metab-
olism would be of great importance for detecting progressive and
regressive fibrosis as a result of antifibrotic therapy. (s. tab. 21.2)

In line with the morphological activity, a distinction can
be made between progressive and stationary fibroses,
which appear either as mild or severe with regard to their
intensity and can be reversible or irreversible in terms of
their course. Depending on the extent of the inactive sta-
tionary fibrosis, the hepatic function is only slightly or
not at all impaired. In contrast, active progressive fibrosis
gives rise to portal hypertension, which can actually
become reversible once the fibrosis is inactivated. • Fibro-
sis can be differentiated according to its localization: (1.)
portal/periportal, (2.) perisinusoidal, and (3.) perivenous.
In the case of (4.) diffuse fibrosis of the liver, all three
areas are typically affected, but to varying degrees of
intensity. Furthermore, there is (5.) periductal fibrosis.
An exact discrimination of the various types is often
impossible. • Intralobular focal fibrosis can be caused by
minor losses of parenchyma, formation of granulomas,
recovery of abscesses, obliteration of a cavernous hae-
mangioma, reaction of parasites in the liver parenchyma,
etc. • A regression of fibrosis is possible: this process could
be demonstrated in successfully treated haemochro-
matosis, during abstinence following alcohol abuse, after
IFN therapy in chronic hepatitis C, and in Indian child-
hood cirrhosis after penicillamine therapy.

5.1.1 Scarred liver

A scarred liver (H. Kalk, 1957) develops as a result of a
large-scale loss of parenchyma, which is replaced by scar
tissue without bulbiform metaplasia. Outside this scar,
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the lobular architecture is retained. During laparoscopy,
these multilobular necroses of the parenchyma are visible
as concave greyish-white to greyish-red scars with deep
retractions, giving the picture of the so-called funnel liver.
• The left liver lobe in particular can shrink to a slender
scarred disc as a result of its poor blood supply. (s. figs.
21.13; 22.16; 35.1, 35.14!)

Fig. 21.13: Atrophy of left liver lobe due to acute viral hepatitis B

5.1.2 Portal/periportal fibrosis

A fibrotic widening of the portal fields (with differing
intensity and often variable regional distribution) is a fre-
quent finding in chronic hepatitis, and it plays an impor-
tant role in staging. (s. p. 694) However, it may also be a
remnant of previous hepatitis. In many cases, strands of
connective tissue extend into the periportal parenchyma.
Mostly, there is portal/periportal fibrosis with an irregu-
lar star-shaped pattern. (s. fig. 21.14)

Fig. 21.14: Periportal and septal fibrosis following severe acute
viral hepatitis B: liver architecture clearly disrupted; older collapse
fields with condensed reticular fibres; (Gomori’s reticulin stain)

The reticular fibre structure of the sinusoids breaks apart,
while liver cells attempt to remedy the parenchymatous
defects from the area of the lobules. In chronic, alcohol-
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induced liver disease, brushwood-like fibrosis is often evi-
dent. In hereditary haemochromatosis, there is usually
evidence of a holly-leaf fibrosis : thickened portal fields
and finger-like fibrosis with flat ends. Such a fibrotic
pattern can also be seen in cholangitic processes with bili-
ary portal fibrosis. The portal bile ducts become encircled
by connective tissue in an onion-like manner, which is
termed periductular fibrosis. Occasionally, portal-
centrolobular fibrosis as well as portal-perilobular fibrosis
can be detected. Particular mention should be made here
of a special form in schistosomiasis, the so-called pipe-
stem fibrosis. (s. fig. 25.14)

Portal/periportal fibrosis can be found in:

α1-AT deficiency haemochromatosis
alcohol abuse hepatoportal sclerosis
Byler’s disease methotrexate
chronic cholangitis obstructive jaundice
congenital fibrosis PBC, PSC
cystic fibrosis schistosomiasis
galactosaemia thorotrastosis
graft-versus-host Wilson’s disease, etc.

5.1.3 Perisinusoidal fibrosis

In perisinusoidal fibrosis (also called intermediate fibro-
sis), fibres develop along the sinusoids, or they encircle
the individual hepatocyte in a pericellular manner. These
forms either affect the whole lobule equally or they show
a tendency to invade the periportal or central region of
the lobule. Initially, the lobular structure is not affected,
nor is the vascular supply restricted. • The progressive
fibrogenesis leads to a capillarization of sinusoids (F.
Schaffner et al., 1963): the deposition of glygoproteins and
collagen fibres in Disse’s space causes the formation of a
basal membrane below the endothelial cells. The sieve
plate-like structure is lost, mainly due to alcohol and
endotoxin. The endothelial cells express CD34, factor
VIII, endothelin-1, etc. These factors induce the perisinu-
soidal cells to contract, supporting the development of
portal hypertension. Such capillarization impedes the
metabolic exchange of substrates, i. e. between plasma
and the sinusoidal surface of the hepatocytes. • Chicken-
wire fibrosis is a characteristic finding in chronic, alcohol-
induced liver disease. (s. fig. 21.15) A particular example
of a sinusoidal/pericellular fibrosis is connatal syphilis,
which is termed brimstone fibrosis. (s. p. 479)

Perisinusoidal/pericellular fibrosis can be found in:

arsen intoxication myeloproliferative disease
Budd-Chiari syndrome osteomyelosclerosis
chronic alcohol abuse portal vein thrombosis
chronic blood congestion Schönlein-Henoch
connatal fibrosis vinyl chloride
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Fig. 21.15: Pericellular trabecular fibrosis showing a wire mesh
pattern (so-called chicken-wire fibrosis) due to chronic alcohol
abuse (Sirius red)

5.1.4 Perivenous fibrosis

Central venules only contain a small amount of collagen,
with the result that in this form of fibrosis, perivenous
sinusoids are always involved as well. A typical example
is perivenular fibrosis in chronic alcohol abuse. (s. fig.
21.16) • Centrolobular fibrosis may also be detectable in
healed viral hepatitis or following slight liver damage
(e. g. Meulengracht’s disease). Central hyaline sclerosis,
which is due to chronic alcohol abuse with intermittently
recurring alcohol hepatitis, is known to be a particularly
severe form of fibrosis. (s. p. 526)

Perivenous fibrosis can be found in:

Budd-Chiari syndrome healed hepatitis
chronic alcohol abuse Meulengracht’s disease
chronic blood congestion

Fig. 21.16: Perivenular and perisinusoidal fine-meshed fibrosis and
discreet cellular inflammatory reaction as a result of chronic alco-
hol abuse (CV � central vein) (Ladewig)

5.1.5 Septal fibrosis

In persistent confluent and bridging necrosis, the devel-
opment of correspondingly located fibrotic septa can be
observed. • Portoportal septa connect neighbouring por-
tal tracts, such as in progressive piecemeal necrosis and in
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chronic cholestasis with an extensive ductular reaction. •
Centrocentral septa connect adjacent central veins as a
result of confluent cell-group necrosis. • Portocentral
septa join portal tracts with central veins following corre-
sponding bridging necrosis. • Active septa display inflam-
matory infiltrates of mononuclear cells and are therefore
difficult to differentiate from the neighbouring paren-
chyma. These inflammatory cells are able to stimulate
further fibrogenesis. • Passive septa display no inflamma-
tory infiltrates and are therefore easily differentiated from
the adjacent parenchyma. They represent a cicatricial
process in the healing of confluent necrosis. Septa older
than 6 months can contain elastic fibres.

5.1.6 Liver collapse fibrosis

Liver collapse fibrosis must be differentiated from
proper liver fibrosis, which displays increased deposi-
tion of a qualitatively altered extracellular matrix. It
results from a collapse of the reticular fibres following
liver cell necrosis. • A primary collapse arises subse-
quent to confluent cell-group necrosis in a previously
normal parenchyma. • A secondary collapse develops
as a result of extensive necrosis in previously damaged
parenchyma (e. g. cirrhosis).

Inactive, stationary or even regressive liver fibrosis
hence constitutes the healing of a pathological event by
means of connective tissue. Such a more or less pro-
nounced partial (fibrous-defective) recovery through
the formation of connective tissue may often be
regarded as a therapeutic success.

5.2 Cirrhosis

� The elimination of the lobular structure is the essential
component of all forms of cirrhosis. • Pronounced necro-
sis or extensive proliferation of connective tissue do not
serve as adequate criteria for liver cirrhosis. Nor are
inflammatory processes an absolute prerequisite for the
development of this condition. The aetiology nor the
presence of regeneration nodes are criteria for liver cir-
rhosis. (see chapter 35)

5.2.1 Basic criteria

The criteria for the development and completion of liver
cirrhosis can be assessed according to their importance:

1. Pronounced parenchymal necrosis, not balanced
by reparative mechanisms

2. Diffuse increase in connective tissue
3. Varying degrees of nodular regeneration

4. Elimination and metaplasia of the lobular structure,
in principle covering the entire liver

5. Disruption of the intrahepatal (venous, portal and
arterial) haemodynamic system
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5.2.2 Systematic approach

Aetiology: It would be beneficial to establish a system-
atic approach to cirrhosis based on the underlying aeti-
ology, since this would allow both preventive and thera-
peutic measures to be initiated. Only some forms of
cirrhosis allow aetiological identification from morpho-
logical criteria. Nevertheless, given the simultaneous
application of all laboratory parameters, clinical find-
ings and imaging procedures, it is nearly always possible
nowadays to clarify the aetiology of cirrhosis � the fre-
quency of “cryptogenic” cirrhosis has been continually
reduced in relation to the improvements made in detailed
diagnostics. (see chapter 35)

However, a systematic approach to cirrhosis can only be
founded to a limited degree on aetiological principles,
since (1.) it has not (as yet) been possible to define the
cause in many cases of cirrhosis, (2.) one specific cause
can trigger different morphological forms of cirrhosis in
different patients, (3.) several causes can result in the
same form of cirrhosis, and (4.) several causes often
merge in a variety of combinations.

Morphology: A systematic approach to cirrhosis based
on morphology has so far found the widest acceptance
and consequently given rise to various principles regard-
ing classification. (2, 20) Any such approach should,
however, focus on the processes which are evident in
each individual case:

1. Formation of regeneration nodes
� macronodular (> 3 mm)
� micronodular (< 3 mm)
� mixed nodular
� “smooth” surface cirrhosis

2. Postdystrophic (monophasic) cirrhosis
(� incomplete postnecrotic cirrhosis)

3. Pathogenic development
� regular forms of cirrhosis
� irregular forms of cirrhosis
� biliary cirrhosis
� vascular cirrhosis

4. Collapsed form and development of septa

Experience shows that the course of cirrhosis can be
reconstructed relatively well from the morphological
findings, although certain mixed forms are once again
to be expected:

(1.) Atrophic, finely nodular cirrhosis, which is low in
regenerative capacity and rich in connective tissue, gen-
erally develops if the underlying damage persists and its
pronounced impact continues. (s. fig. 28.13)

(2.) Cirrhosis which is hypertrophic, coarsely nodular,
rich in regenerative capacity and poor in fibrosis usually
develops if the damage occurs in episodes with intermit-
tent phases of respite. Consequently, the formation of
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regeneration nodes can be helpful in assessing the dura-
tion of the “recovery phases”. (s. fig. 35.2)
(3.) Mixed nodular cirrhosis (s. fig. 35.6)
(4.) “Smooth” cirrhosis (s. fig. 14.3)

Aetiopathogenetical and morphological criteria, how-
ever, are to be considered as separate, but complemen-
tary factors. In some cases, the aetiopathogenetic cause
of a cirrhosis can be diagnosed by reliable morphologi-
cal findings.

The transformation of the lobular architecture is initiated
and maintained by at least two histomorphological pro-
cesses: (1.) piecemeal necrosis and (2.) bridging necrosis,
which provides string-like links between the central
veins and the portal fields. Portocentral shunts, which
are of significance for the “fate” of cirrhosis, make use
of these bridges as routes for their development. During
the course of time, these channels, which acquire solid
basal membranes like capillaries, carry the portal blood
directly to the venous flow-off. As a result, blood is
withdrawn from the respective acini; these areas become
more susceptible to disruption and damage and are
forced to restructure anew. (see chapter 35)

In other words: the disruption of intrahepatal haemo-
dynamics due to parenchymal necrosis � shunts � for-
mation of septa ultimately constitutes “evil which will
always continue to bear evil”, thereby perpetuating
lobular transformation.

5.2.3 Morphological diagnosis

It is of paramount importance for the morphological
assessment of cirrhosis to know whether the liver mater-
ial was obtained by (1.) post-mortem autopsy (when
lymphohistiocytic inflammatory reactions are hardly
detectable anymore) or (2.) biopsy with the aid of a
Menghini needle (which only rarely yields fully assess-
able cirrhotic material). In contrast, biopsies carried out
with a Silverman needle, for example, produce an ad-
equately sized biopsy cylinder for assessment.

� Suspicion of cirrhosis is based on the following cri-
teria: (1.) fragments of the biopsy cylinder are exten-
sively surrounded by fibres, (2.) central veins have a
non-eccentric arrangement, (3.) evidence of increased
vascularization or vascular ectasia and possibly also of
strikingly poor vascularization, (4.) variability of the
nuclear pattern, (5.) different epithelial sizes with diver-
gent glycogen content, and (6.) disordered, tubular or
reticular epithelial areas.

� It is possible that some of the uncertainties in diagno-
sis as well as any existing differences in the systematic
approach to liver cirrhosis taken by pathologists and
clinicians might simply be attributable to the fact that
the material used for assessment has been considered as
representative although it was in fact inadequate and
obtained by faulty procurement techniques.



Clinical and morphological principles

Clinical and particularly scientific statements on the
morphology of cirrhosis are most reliable if the
following criteria are met (s. pp 157, 160):

1. in-vivo examination of tissue
2. tissue specimens obtained through laparoscopic biopsy

(and not by blind biopsy!)
3. sufficient compact hepatic tissue (best obtained using a Silver-

man needle)
4. additional documentation intended for the pathologist using

colour photography of the liver surface (since the macroscopic
images are frequently of greater relevance in postnecrotic,
coarse-nodular transformation processes and it is obviously
impossible to cover the entire process by way of biopsy)

6 Liver tumours

Both benign and malignant tumours may be found in
the liver. They originate in (1.) liver cells, (2.) connective
tissue, (3.) blood and lymph vessels, and (4.) bile ducts.
An updated systematic classification and nomenclature
for nodular hepatocellular lesions was set up in line with
the agreement worked out in Los Angeles in 1994. (53)
The classification is based on pathogenesis, aetiology
and prognosis. A determinant factor for any system-
atization is the question of whether the cells prove to be
regenerative or can be classified as dysplastic, or pos-
sibly even neoplastic, and which characteristics are dis-
played by the respective adjacent stroma of the liver.

6.1 Benign tumours

Benign liver tumours are no rarity. As a rule, they only
give rise to symptoms or biochemical findings if they
have reached a critical size or if they become noticeable
due to the compression of blood vessels or bile ducts.
Such tumours may be of clinical importance because of
their potential precarcinogenicity in individual cases as
well as their tendency to massive bleeding following
traumatization. Benign liver tumours can be differenti-
ated as (1.) epithelial, (2.) cholangiolitic, (3.) vascular,
and (4.) mesenchymal. It is also possible to differentiate
liver cysts (congenital or acquired). (see chapter 36!)

Benign epithelioid tumours include liver cell adenoma,
biliary adenoma, biliary cystadenoma, biliary papillo-
matosis, etc.

Benign mesenchymal tumours include angiomyolipoma,
lymphangioma, haemangioma, infantile haemangio-
endothelioma, leiomyoma, etc.

Tumour-like lesions include hamartoma, FNH, NRH,
focal steatosis, peliosis hepatis, inflammatory pseudo-
tumour, cysts, lobular hyperplasia, postnecrotic regener-
ative nodes, etc.

Regenerative lesions are the result of localized prolifera-
tion of liver cells and their stroma. They are regarded
as the main response to various types of liver damage.
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Generally, they are circumscribed and 0.5�3.0 cm (or
occasionally more) in diameter. They can grow and
build up daughter nodes (“nodule-in-nodule”). The
parenchyma is regular; these lesions contain portal
fields, bile ducts and blood vessels. The hyperplastic
hepatocytes are arranged in enlarged liver cell columns
consisting of 2�3 plates. Usually, there are no cell
atypias. • Congenital or acquired vascular anomalies or
irregularities of the arterial blood supply with focal
hyperperfusion may also cause the formation of regen-
erative lesions. A multitude of biochemical factors and
hormones also play a key role. (53, 55) (s. p. 402) Regen-
erative lesions can be classified in five main groups (s.
tab. 21.3):

1. Monoacinar regenerative nodes
� diffuse nodular regenerative hyperplasia without fibrotic

septa (NRH)
� diffuse nodular hyperplasia with fibrotic septa or within cir-

rhosis (DNH)
2. Multiacinar regenerative nodes
3. Lobular or segmental hyperplasia
4. Cirrhotic nodule

� monoacinar
� multiacinar

5. Focal nodular hyperplasia (FNH)
� solid type
� teleangiectatic type

� solitary
� multiple

Tab. 21.3: Classification of regenerative lesions

Dysplastic lesions: Due to changes in the cytoplasm or
the nucleus, dysplastic lesions exhibit histological char-
acteristics such as irregular structure or growth. Genetic
factors are considered to be involved (even though
appropriate criteria do not as yet exist for all forms).
(53) The lesions are classified as follows (s. tab. 21.4):

1. Hepatocellular adenoma
2. Dysplasia
3. Dysplastic focus
4. Dysplastic nodule

� low-grade (slightly dysplastic)
� high-grade (severely dysplastic)

Tab. 21.4: Classification of dysplastic lesions

6.2 Malignant tumours

In classifying malignant liver tumours, differentiation
has to be made between primary and secondary liver
tumours (J.B. Gibson et al., 1978; K.G. Ishak, et al., 1994).
Primary liver tumours are differentiated in four groups.
(s. tabs. 21.5; 37.1) (see chapter 37)

1. Epithelial tumours
2. Mesenchymal tumours
3. Neuroendocrine tumours
4. Mixed forms

Tab. 21.5: Classification of primary malignant liver tumours



Chapter 21

Examples of secondary malignant liver tumours are (1.)
liver metastases, (2.) myeloid metaplasia, (3.) myelopro-
liferative diseases, and (4.) lymphomatosis.
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22 Acute viral hepatitis

1 History of acute viral hepatitis

Hippocrates described a potentially dangerous disease widely
witnessed in young people and accompanied by jaundice. • As
early as 752, Pope Zacharias wrote in a letter to St. Boniface,
Bishop of Mainz (Germany), about “jaundice of a contagious
nature” where those affected would have to be segregated.

� In 1629 Henry de Beer wrote about a jaundice epidemic
in Spa (Belgium). In 1745 Cleghorn described the clin-
ical picture of jaundice witnessed during the course of
an epidemic in Menorca (Spain). In 1761 I.F. Herlitz

(14) observed many jaundice patients in Göttingen (Ger-
many) and gave an impressive description of the clinical
symptoms of this benign illness, which mainly occurred
in winter; this was all the more interesting since he him-
self was suffering from it. The term icterus epidemicus
in fact stems from him (and was also proposed by A.
Hennig in 1890). • Descriptions of jaundice epidemics
were to follow from Bremen (Germany) (1760), Essen
(Germany) (G. F. H. Bruening, 1772), Genova (Italy)
(1792), Lüdenscheid (Germany) (F. Kercksig, 1799),
Greifswald (Germany) (L. Mende, 1810), etc. In fact,
more than 80 epidemics in Europe and 6 outside Europe
were recorded by C. Köhnhorn (1877) (16), C. Fröhlich

(1879) (11) and A. Hennig (1890). Numerous publications
focused on the frequency of epidemic jaundice in garri-
sons and at theatres of war, so that the illness also
became known as “soldier’s disease”. • Its causal origin
was deemed to be poor hygiene, vermin, overcrowding,
climatic factors, monotonous and nauseating nutrition,
mental trauma, physical strain and polluted water. (quot.
in 4, 11, 16) H. Eppinger (1908) was of the opinion that this
apparently epidemic jaundice was, in fact, an accidental
accumulation of non-infectious diseases. Almost all epi-
demics were accompanied by severe courses of disease
and many deaths. As early as 1862, R. J. Graves drew
attention to the fact that “the worst was to be feared if
there were any signs of nervous symptoms during the
course of jaundice” (hepatic encephalopathy?). He
attributed the cause of jaundice to gastroenteritis and
believed that it also affected the bile ducts. This opinion
was so convincing for R. Virchow (1864) (29) that he later
adopted the term icterus catarrhalis for catarrhal jaun-
dice, a term that had been introduced by H. Quincke

(1903): the bile was thick and sticky with subsequent
obstruction of the small bile ducts and development of
jaundice. At a later date, he also assumed the cause to
be an intercurrent mucous plug in the duodenal papilla.
However, towards the end of the 19th century, it was
increasingly believed to be an infectious disease (A.E.Ch.
Chauffard, 1885; M. Heitler, 1887; S. P. Botkin, 1888 [it was
also known as Botkin’s disease in Russia and the Baltic
countries]; A. Hennig, 1890; O. Minkowski, 1904, etc.). The
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main localization of the disease was already considered
to be in the liver parenchyma, but the source of the
infection was unknown. Airborne transmission was also
postulated. (6)

� Reports that were drawn up by Lürman (20) and Jehn

(15) on the epidemics in Bremen (Germany) and Merzig
(Germany) following inoculation with smallpox vaccine
are considered to be the first ever regarding the paren-
teral route of infection (i. e. HBV and HCV infections).
In Bremen (Germany) 191 persons (out of 1,290 cases)
and in Merzig (Germany) 144 persons (out of 510 cases)
succumbed to the disease. Further reference to the
parenteral transmissibility of infectious jaundice was
made by A. Flaum et al. (1926), G.M. Findlay et al. (1937),
A.S. McNalty et al. (1937), S.A. Propert (1938), P. Selander

(1942), C.H. Grossman et al. (1946), etc. After an inocula-
tion campaign with a measles convalescent serum
involving 109 children, A.S. McNalty (1937) observed the
occurrence of jaundice in 47% of cases with a mortality
rate of 22%. • W. Siede (1949) reported that 19% of 125
children developed jaundice after an infusion of insulin
and dextrose. • In 1943 in the USA, the term homolo-
gous serum jaundice was introduced, but it was also
known as serum hepatitis. Over the following years, the
terms haematogenous hepatitis, inoculation hepatitis,
transfusion hepatitis and homologous serum hepatitis
were used as well. (21, 27)

� In 1919 F. Lindstedt introduced the term hepatitis epi-
demica for epidemic jaundice. In 1930, however, G. Le-

pehne proposed the term “hepatia” to avoid emphasizing
its inflammatory character. The term icterus simplex can
be attributed to G. v. Bergmann (1931). Another term used
was infectious hepatitis, proposed by G.M. Findlay et al.
(1939). • Since the morphological studies carried out by
H. Eppinger et al. (1935) revealed “acute destructive hepa-
titis” and the characteristics of “serous inflammation”
(R. Rössle, 1929), icterus catarrhalis has also been consid-
ered morphologically as “hepatitis”, and the term
“acute interstitial serous hepatitis” is used. In 1937 H.
Eppinger distinguished the parenchymal from the peri-
acinal or cholangiolitic form of hepatitis, an idea which
is reflected by the present-day term of acute viral hepati-
tis with cholestatic character. H. Eppinger was already
familiar with the term anicteric hepatitis, which he called
“icterus sine ictero” (1937). • In 1940 F. Corelli claimed
icterus catarrhalis to be an allergic inflammation which
could possibly be improved by desensitization therapy.
He reports on a number of interesting observations of
icteric patients under a variety of conditions. (7)

First World War: The tremendous jaundice epidemics
witnessed during the war in practically every army and
those in the thirties among the civilian population called
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for a new definition. An excellent monograph was
drawn up by F. v. Bormann (1940), critically evaluating the
entire material available (406 publications quoted!). (4)
The clinical picture was described in great detail, all the-
ories and doctrines quoted and observations and experi-
ments presented with the greatest of care. The viral
nature of the pathogen was postulated on the basis of
the findings. The publication brought out in the same
year (1940) by F. Lainer from Eppinger’s hospital is an
excellent supplement to the level of knowledge of that
time � yet even in 1940, the opinion was still held that
icterus catarrhalis occurred sporadically in the form of
serous hepatitis, precipitated by endogenous or exoge-
nous toxins and not by any specific icterogenic pathogen.
(18) • T.Th. Andersen et al. (1938) were the first to trigger
jaundice in young swine by feeding them the duodenal
juice of jaundice patients. This in turn could be
transmitted in a second passage to other swine by feed-
ing them the raw liver of the first icteric group. The
administration of the blood of jaundice patients to
swine also led to the occurrence of jaundice with micro-
scopic liver changes. No pathogen was found and so it
was generally assumed to be an invisible virus (1), as
McDonald had already postulated in 1908.

� Second World War : Large-scale epidemics, even pan-
demics, of hepatitis were also rife during the Second
World War. Entire military units were severely depleted
by the illness. I was one of those affected in Russia in
1942. The number of cases of hepatitis in the Second
World War has been estimated at approx. 16 million. •
In this period, the first transmission of an infectious
agent was effected in a self-experiment by H. Voegt (1941),
who was later to be my tutor in hepatology. Within 3 or
4 weeks, the oral intake of duodenal juice from a hepati-
tis patient led to the contraction of hepatitis in both
himself and in three medical student volunteers (who
had not stayed in an epidemic area). Histological focus
was on “capillaritis”. Six other test persons, who were
orally administered haemolyzed blood or urine taken
from a jaundice patient (2 cases) or received serum or
blood by s.c. or i.m. injection (4 cases), showed symp-
toms of hepatitis. The direct transmission path of an
infectious virus was hence deemed proven (30) and the
existence of “posthepatic residual damage” established
(12). In 1952 H. Voegt told me personally at the univer-
sity in Giessen (Germany) that he had changed the term
icterus infectiosus (K. Gutzeit, 1942) into hepatitis conta-
giosa (1942) � also used by A. Dohmen in 1943. The term
hepatitis infectiosa was proposed by F. Maythaler in
1942. • In 1943 F.O. MacCalum confirmed the transmissi-
bility of an infectious agent. (22)

In 1947 MacCalum termed hepatitis epidemica as type A
and inoculation hepatitis as type B. These results were
validated by further studies. (13, 23, 24) S. Krugman et al.
(1967) introduced the terms MS1 and MS2 for these two
types of virus, which at a later date were to correspond
to HAV and HBV. (17) In 1970 virus B was detected by
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D.S. Dane et al. (8) � following the identification of the
Australian antigen by B.S. Blumberg et al. (1965) (3) and
A.M. Prince (1968). (25) In 1973 the hepatitis A virus was
discovered by S.M. Feinstone et al. (9) In 1977 the delta
virus was detected by M. Rizzetto et al. (28) A pathogen
termed hepatitis E virus was identified in 1983 in the
stool of an infected volunteer (M.S. Balayan et al.). (2) It
was assumed that another virus existed (10, 26), which
was termed the hepatitis C virus after being identified
by Q.L. Choo et al. in 1989. (5) Detection of the hepatitis
G virus (HGV) followed in 1996 (J. Linnen et al.). (19)

Infectious jaundice presents the most imposing clin-
ical picture in hepatology and has occupied phys-
icians for more than 2,500 years, caused epidemics
and pandemics all over the world (thus significantly
influencing the outcome of wars), led to innumerable
experiments as well as controversial theories and cul-
minated in absurd speculations including treatment
by the oral administration of live sheep lice (a prac-
tice still occasionally found nowadays). • Today, hep-
atitis viruses have been (almost) fully explained down
to the last molecular, biological and serological
detail.

2 Morphology and
aetiopathogenetic range

� Histologically, the suffix “itis” denotes inflammation,
thus “hepatitis” can be defined as “inflammation of the
liver”. This term was coined by J.B. Bianchi as early as
1725 in order to summarize various diffuse inflamma-
tions of the parenchyma.

The classical criteria of inflammation (1.) exudation, (2.)
cellulation and (3.) proliferation can only partly be
applied to the liver, since this organ is predominantly
characterized by sinusoids rather than capillaries. An
essential problem thus arises in the morphological
context of the term “hepatitis”. Due to this specific vas-
cular feature, the otherwise valid association between the
terms “inflammation” and “infection” is only marginally
true in the case of the liver. In fact, this association is
only given with infectious changes within the vascular-
ized fibrous tissue of the portal fields. • The problem
concerning the definition of “hepatitis” has already been
outlined in detail in the last chapter. (s. p. 404)

Macroscopically, acute viral hepatitis presents as a
large red liver (H. Kalk, 1947). The enlargement is prob-
ably due to hyperaemia and to the oedematization of
the portal area. The reddening is brought about by
hyperaemia and the accumulation of large quantities
of stagnating erythrocytes in the empty lattice fibre
network.
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2.1 Histomorphological changes

Histologically, the parenchyma, the mesenchyma and
the connective tissue are affected in an almost identical
manner. The combination of all lesions together with
the onset of hepatocellular regeneration gives the typic-
ally unsettled variegated picture of acute viral hepatitis,
which is more characteristic than any single finding on
its own (H.-W. Altmann, 1971). The liver lobules are
affected as a whole and in all their components, whereby
particularly the hepatocytes at the centre of the lobule
are most severely damaged. For this reason, acute viral
hepatitis is deemed to be lobular hepatitis. These
changes are shown as constant or inconstant lesions. (31,
34, 36) (s. tab. 22.1)

Lobular Portal and periportal

Con- Liver cell degenerations Infiltration by small
stant (hydropic swelling, eosin- lymphocytes, plasma

ophilic degeneration, pin cells and other mono-
cells, hyaline bodies) and nuclear cells (� lym-
cell polymorphy, single phohistiocytic).
cell necrosis in the form
of (acidophilic)
Councilman bodies,
infiltration of lympho-
cytes, macrophages and
activated stellate cells
(yet only few plasma
cells and neutrophilic
granulocytes), prolifer-
ation of sinusoidal cells.

Incon- Confluent liver cell necro- Flow of infiltrates into
stant sis, possibly developing adjacent lobular areas,

into bridging necroses fibroblast activity,
(32) or multilobular damage to and prolif-
(<3% of cases) or even eration of bile ducts,
massive necroses in B, accumulation of ceroid
B/D and C hepatitis, as and siderin in macro-
well as in E hepatitis dur- phages.
ing pregnancy; collapse
of the lattice fibre net-
work. Formation of pas-
sive septa, cholestasis, ac-
cumulation of ceroid and
siderin in macrophages
and stellate cells.

Tab. 22.1: Morphological changes with acute viral hepatitis

Mitoses: The consumption of liver cells by necroses is considerable,
as is the concurrent regeneration process, particularly at the onset of
acute hepatitis and during the retrogressive phase. • This also
explains the remarkable observation that patients with the Dubin-
Johnson syndrome are found to have far fewer pigment-charged liver
cells subsequent to acute viral hepatitis. (s. pp 222, 421)

Stellate cell activation: At the climax of acute viral hepatitis, the
stellate cells are diffuse and highly activated. Stellate cell nodules
(s. fig. 22.3) are formed. The diffuse spread of the swelling and the
proliferation of sinusoidal cells may recede during the retrogressive
phase into more localized proliferations. These somewhat indis-
tinctly contoured stellate cell nodules can often be detected in the
necrotic area already at an early stage. In this event, they generally
contain the liver disintegration pigment ceroid (s. fig. 21.6), later
also lipofuscin (s. fig. 21.3) and siderin. Such so-called residual
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Fig. 22.1: Acute viral hepatitis A: Periportal inflammation and
periportal cell loss

Fig. 22.2: Subsiding acute viral hepatitis A with lytic loss of hepa-
tocytes and round-cell infiltrates

Fig. 22.3: Kupffer cell nodules (arrow) in subsiding acute viral
hepatitis B; hydropic hepatocytes, often binuclear

nodules (H. Kalk et al., 1947) or late-phase nodules (W. Wepler et al.,
1968) are frequently still found 1 to 2 months after the acute hepati-
tis is deemed to be clinically healed. The nodules remain diffusely
distributed in the parenchyma until they gradually diminish, lose
their pigment and ultimately disappear completely.

Regeneration: Regenerative processes overlap with the slowly
dwindling inflammation. They are characterized by a proliferation
of the liver cell columns, an uneven pattern of cell nuclei, an
increase in mitoses and the formation of liver cell rosettes. (s. p.
229) Acute viral hepatitis usually heals completely within a period
of 4�8 weeks.
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Formation of collagen: The empty lattice fibre structure in a de-
epithelialized area (with possible collapse of the lattice fibres)
becomes increasingly collagenized, so that sclerosis occurs at the
centre of the lobules in place of lost liver cells. This process may
be completely reversible if the regenerated liver cells succeed in
respreading the fibres. Otherwise, central fibre scars persist for a
long period of time. This fibre production occurs far earlier and
to a more pronounced extent at the periphery of the lobules. In
delayed epithelial regeneration, the fibre layers or cicatrized
changes remain as portal fibrosis. (s. p. 404)

2.2 Sonographic morphology

With the help of sonography, it is possible in acute viral
hepatitis to obtain the following findings: (1.) hepato-
megaly, (2.) slight increase in brightness, (3.) truncated
lower liver margin, (4.) thickening of the gall-bladder
wall (35), and (5.) increased blood flow (using duplex
sonography).

2.3 Specific courses of disease

Various endogenous or exogenous factors can alter the
histomorphological picture of acute viral hepatitis, so
that specific courses of disease may become apparent.

2.3.1 Minimal hepatitis

The course of minimal hepatitis (O. Klinge, 1976) is generally found
in anicteric or subicteric patients and only shows minor histological
lesions. It is even possible over a period of several years to detect the
hyaline bodies, the activation of the sinusoidal cells and the moder-
ate round-cell infiltration of the portal fields as well as single cell
necrosis. These changes show no progression, so that histology
largely corresponds to that of chronic persistent hepatitis.

2.3.2 Drug-induced hepatitis

Irrespective of the type of drug, acute hepatitis (so-called “hippie
hepatitis”) prevails in drug addicts. It is characterized by portal
infiltration, generally with a large number of eosinophilic leuco-
cytes. Cholestasis is common. The lobular borders are often diffi-
cult to define. In most cases, phagocytized exogenous pigments or
waste substances are found in the macrophages. • However, the
extent to which primary or secondary hepatotropic viruses are
involved must always be clarified. (s. tab. 5.16) • Histology, the
course of disease and the prognosis are determined by the duration
and intensity of drug intake, polytoxicomania or additional viral
infections.

2.3.3 Cholestatic course of disease

� The “cholestatic course of disease” (W. Siede, 1942) is largely
identical to the “periacinal form of icterus catarrhalis” (H.
Eppinger, 1937), “cholangiolitic hepatitis” (C. J. Watson et al.,
1946), “hepatitis with intrahepatic obstruction” (I. Magyar, 1953)
and “hepatitis with a cholestatic element” (H. Kalk, 1957).

Those forms of acute viral hepatitis that have a normal clinical
course also present discrete quantities of bile to be found as intra-
epithelial drops and intercellular cylinders or deposits in the stel-
late cells. These findings cannot be confirmed biochemically. • A
cholestatic course of disease is occasionally witnessed with a
marked increase in alkaline phosphatase, particularly in older
patients and in women. It is mostly accompanied by jaundice. The
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patient’s general well-being is significantly compromised, and
pruritus is pronounced in most cases.

Histologically, changes linked to the respective stage of hepatitis
can be observed together with an abundance of bile drops in the
liver cells, above all in the centre of the lobule; in addition, there
are bilirubin cylinders inside the canaliculi that are often dilated
and tubular in shape. Sometimes, tubular reshaping of the liver cell
plates is noticeable, with a bile canal in the centre. • Cholestatic
liver cell rosettes develop in isolated surviving hepatocytes or small
groups of hepatocytes within areas of collapse. These parenchymal
islands of hepatocytes are arranged in a tubular pattern resembling
that of the cholestatic liver cell rosettes. Evidence of bile retention
is not always obvious, but copper and copper-associated protein
are often demonstrable. Bile duct proliferation is usually inconspic-
uous. (s. p. 229) Bilirubin cylinders can also be detected in the
ductuli. In the portal fields, the picture of cholangiolitis is wit-
nessed: small, round-cell infiltration with embedded leucocytes and
degenerative changes of the portal bile ducts. (s. fig. 22.4)

Fig. 22.4: Feathery degeneration (arrows) of ballooned hepato-
cytes, massive liver cell oedema and bilirubinostasis in the cana-
liculi. Clinically: cholestatic course of acute viral hepatitis B

2.3.4 Anicteric course of disease

As early as 1904, O. Minkowski observed the anicteric form, and
later, in 1937, H. Eppinger described it using the term “icterus sine
ictero”, i. e. the bilirubin values in the serum are not in excess of
1.5�1.8 mg/dl, with the result that no jaundice of the sclerae can
develop. This is a clinical phenomenon and not a morphological
one. There are even reports of fatal acute liver necrosis without
jaundice. Generally, the clinical findings are less pronounced than
with the icteric course of disease. Bilirubinuria is only observed in
isolated cases, whereas urobilinogenuria is usually detectable. (s.
pp 421, 432)

2.3.5 Fulminant course of disease

Hepatitis fulminans (B. Lucké et al., 1946) is the most severe course
of viral hepatitis, and in 80�90% of cases, it is fatal. The term is
used if signs of liver insufficiency emerge within 8 weeks following
the onset of disease. (If this occurs later, preference is given to
the term “subacute necrotizing hepatitis”.) • The clinical findings
suddenly and swiftly multiply in intensity and acuity. In addition,
fever, nausea, vomiting and hepatic foetor are witnessed, and the
sensorium becomes dulled. Cutaneous and mucosal bleeding
occurs, and there may be evidence of oliguria and oedemas. Labo-
ratory parameters show a considerable decrease in enzyme activity,
serum iron (after an initial increase), Quick’s value, albumin and
cholinesterase. Leucocytosis is frequently observed. The morpho-
logical picture is characterized by extensive, confluent parenchy-
mal necrosis (liver dystrophy). There is virtually no sign of a mes-
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enchymal reaction. Postdystrophic scarred liver is usually found in
those surviving the disease. (s. figs. 21.13; 22.16; 35.14)

2.3.6 Giant-cell hepatitis

Giant cell hepatitis in children: During infancy, acute
viral hepatitis can occur with the formation of syncytial,
polynuclear balloon-like giant cells. Recessive autoso-
mal hereditary factors are said to contribute to this form
of hepatocyte reaction. In recurrent intrahepatic chole-
stasis of the Aagenaes type, giant-cell hepatitis usually
develops. The pathogens include CMV, the herpes, vari-
cella, Coxsackie, ECHO, HBV and rubella viruses, as
well as listeriosis, toxoplasmosis and syphilis. The
pattern of epithelial damage largely corresponds to clas-
sic acute viral hepatitis � however, the histological pic-
ture is dominated by giant cells. (s. fig. 22.5) (s. p. 467!)

Differentiation is made between two types: (1.) giant
cells in a regular arrangement (with evenly placed giant
cells around the former canaliculi) and (2.) giant cells in
an irregular arrangement. Both types may appear simul-
taneously. • Their development is probably due to the
confluence of liver cells following disintegration of the
membrane � so-called confluent giant cells (O. Klinge,
1970). This process is facilitated by the fact that in chil-
dren up to the age of five, liver cells are usually still
in a double epithelial plate-like arrangement. Following
their cytolysis, the giant cells are replaced by regular
epithelium. The prognosis is often good, but reports
have also been received of severe courses of disease.

Fig. 22.5: Numerous multinuclear giant cells (centre of picture) as
well as bile duct proliferation (arrow) in so-called giant-cell
hepatitis (HE)

Postinfantile giant-cell hepatitis: This term was intro-
duced by H. Thaler in 1982. The form itself is rare; only
about 70 cases have been reported so far. (33) Generally,
it develops in a similar way to progressive cholestasis of
unknown aetiology. It mainly affects zone 3. The giant
cells make up > 10% of the hepatocytes. They contain
large numbers of nuclei (up to 40 per cell). Numerous
luminae can be detected in the cytoplasm. Pathogenet-
ically, this is a syncytial formation (and not amitotic cell
regeneration as in the infantile form). The morpho-
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logical spectrum extends from acute to chronic hepatitis
and ultimately to cirrhosis. The giant cells are often pre-
sent to such a minimal extent that they are undetectable
in a biopsy specimen. The frequency of disease is possi-
bly greater than has been assumed up to now. It may be
caused not only by infections, but also by medication or
the Epstein-Barr virus and paramyxoviruses. The fre-
quent evidence of autoantibodies (e. g. ANA) and signif-
icant increases in γ-globulin levels point to a close corre-
lation between giant-cell hepatitis and autoimmune
processes such as PSC.

2.4 Aetiopathogenetic diversity

The problem of working in line with morphological
classification is rendered more complicated by the aetio-
pathogenetic diversity of acute hepatitis. The tissue
changes in acute hepatitis arise not only from primary
hepatotropic viruses and secondary hepatotropic or
exotic types of viruses, but also from bacterial or para-
sitic agents. • Changes identical to these can, however,
also be caused by alcohol, chemical substances, toxins
or allergic and immunological reactions as well as by
reactions to radiation (so-called radiogenic hepatitis),
for example from cobalt � and even by the early forms
of Wilson’s disease or primary biliary cholangitis.

A recently discovered form of acute hepatitis was attrib-
uted to a deficiency of lipoamide dehydrogenase (�
catalytic subunit E3 of the pyruvate dehydrogenase
complex). This LAD deficiency was allocated to chro-
mosome 7 (q31-q32). So far, about ten well-documented
cases have been reported. The patients all died during
early childhood. (32) • Recently, there were reports of
episodes of acute hepatitis each with significantly
increased transaminases, slight jaundice and uncharac-
teristic symptomatology. Between the episodes, all the
liver values were normal. Histological analyses only
revealed minor findings in the form of non-specific
reactive hepatitis. The aetiology could not be deter-
mined even though the entire range of clinical examina-
tions was applied. This entity is considered to be iden-
tical to benign recurrent intrahepatic cholestasis. (37)

The respective lesions in the area of the lobules and
portal fields and at the hepatocytes, the mesenchyma
and connective tissue differ in intensity from case to
case (also depending on the respective stage of the dis-
ease) � yet the picture of “acute hepatitis” predomi-
nates. • In each case of liver disease which remains unre-
solved in terms of differential diagnosis, thought must be
given to the possibility of acute hepatitis with its wide
range of aetiological causes. (s. fig. 22.6)

Acute hepatitis is not an entity in itself, either clin-
ically, aetiologically or morphologically � but must be
seen as a syndrome.
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Fig. 22.6: Syndrome of acute
hepatitis (s. tab. 5.16)

3 Acute viral hepatitis A

3.1 Definition

Acute viral hepatitis A is caused by an enterally
transmitted RNA virus of 27 (�32) nm in diameter. It
is self-limiting and usually self-healing, contracted by
people lacking virus A antibodies � hence its prefer-
ence for children. With good hygienic living standards,
however, the tendency of infection shifts increasingly
to adulthood. The disease seldom follows a biphasic or
cholestatic course. A fulminant course of disease is
very rare (ca. 0.01%). Transition into chronic hepatitis
need not be feared. (s. p. 422!) There is no causative
correlation with primary liver cell carcinoma. Healthy
HAV carriers are not known. The disease leaves the
patient with life-long immunity.

3.2 Pathogen
Up to now, one serotype has been identified. Seven genotypes of
HAV are known to show serological cross-reactions. Three geno-
types are deemed to be HAV strains, stemming from the simian
virus. Recently, a new genotype 1 B variant was described. (43) By
means of genotyping, it is possible to explain the geographic origin
of the virus, the individual source of infection, etc. HAV since been
characterized in greater detail. (74, 114) (s. p. 112!) (s. fig. 5.4!)

3.2.1 Inactivation

HAV survives for up to 3 months in freshwater or sea water. It is
completely inactivated by heat at 75°C for 20 minutes or 85°C for
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1 minute, but only partly inactivated at 60°C for 4 hours. Boiling
water (<15 minutes) is not enough to inactivate HAV completely,
particularly if the instruments have not been mechanically cleaned
with due care prior to heating. Formalin (diluted solution, 37°C for
2 hours), β-propriolactone, sodium hypochloride and glutaraldehyde
(2%) are suitable for inactivating HAV. • Alcohol, ether or acids
(up to pH 3) do not inactivate HAV; the virus also remains stable
down to �70°C. (105)

3.2.2 Detection

Stools: With the aid of an electron microscope, HAV is detectable
in the stools 7 to 11 days before the acute phase of disease begins.
The rate of detection in the 1st week in no more than 50% of cases,
in the 2nd week about 29% of cases and in the 3rd week merely 4%
of cases. After the 4th week, HAV can generally no longer be found
in the stools at all � by means of molecular hybridization (or
PCR), PCR, however, it may be possible to detect the viruses up
to 3 months following onset of the disease. In the event of clinical
relapse, HAV is again apparent in the stools. (107) The presence
of the virus (109�1011 particles/g stool) clearly means infectiosity
� yet a negative test does not definitely rule out infectiousness. It
has hitherto not been possible to validate either the replication of
the virus in stools or its permanent excretion. Some two weeks
after the initial occurrence of dark urine, intestinal excretion of the
virus has generally ceased, and in addition, patients are no longer
infectious with respect to their environment.

Serum: At the same time as viruses are excreted in the stools, vir-
aemia is apparent. The highest concentrations are found shortly
before the onset of the disease (>107�109 particles/ml serum).
Using PCR, it was possible to show that viraemia can exist for
longer than 3 weeks, and even up to 4 months.

Cells: The HA antigen is detectable as granular fluorescence in the
cytoplasm of the hepatocytes from the 2nd week after infection,
about 1 week prior to excretion in the stools. HAV could also be
detected in the spleen and lymph nodes (P. Karayiannis et al., 1986).
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3.2.3 Replication

Replication of HAV is effected within the liver cell
following its transportation into the interior via a
“receptor”: (1.) the capsid proteins are removed and the
RNA is released; (2.) both are reproduced separately in
the cytoplasm; (3.) new viruses are assembled from the
RNA copies and the structural proteins; (4.) these
viruses are packed into vesicles and released into the
biliary pole; (5.) the viruses are excreted via the ductuli.
The viruses enter the bile by way of the ductules and
are subsequently excreted into the bile and stool as early
as 1�2 weeks before onset of the disease.

3.3 Transmission

Transmission of HAV is effected by a faecal-oral route.
The main danger, therefore, is poor hygiene, as is occa-
sionally found in communal houses or flats, children’s
homes, prisons, shelters for the homeless and homes for
the mentally handicapped as well as among injecting
drug users, etc. (45, 59, 73, 85, 91, 108) A similar danger
prevails for those who are constantly exposed to mater-
ial that contains viruses, such as sewage and water puri-
fication plant workers (57), medical personnel (� noso-
comial infection) (s. pp 428, 441) (70), dentists (55) and
staff in neonatal intensive care units. (97, 117) • An add-
itional hazard exists in infected drinking water and
foodstuffs, such as ice cubes, ice-cream, frozen strawber-
ries and raspberries, raw bilberries, salads, green onions,
raw milk, hamburgers, cold meat, bread, cakes and past-
ries. (38, 43, 52, 66, 79, 80, 86, 90, 116) The warming up of
food with microwave ovens (> 1 minute) has been shown
to lower the risk of infection. (87) • Even chlorinated
water in a swimming pool can serve as a vehicle for
HAV infection. (82) Sexual transmission is rare,
although an oral infection route may be responsible for
infection in such cases, especially among homosexuals.
(47, 110) The hands, in particular, are vehicles of HAV
transmission to animate and inanimate surfaces. (84)
HAV infection of an animal keeper at a zoo, transmitted
for example by the apes he cares for, is accepted as an
occupational disease. (100)

Oyster hepatitis: The ingestion of oysters cultivated in
pools or harbour basins has led to oyster hepatitis (B.
Roos, 1956). This is due to their mode of life: filtration of
approx. 40 litres water/hr, whereby coliform bacteria are
excreted again, leading to a 100-fold concentration of
HAV. Usual boiling of oysters in water does not guaran-
tee inactivation of such highly concentrated HAV. (54,
95) The terrible epidemic in Shanghai in 1988 caused a
sensation, with 292,301 cases of disease (4,083 per
100,000 inhabitants) being registered. The infection was
brought on by the ingestion of inadequately boiled
Venus oysters (Anadara subcrenata Lischke). (63, 112)

� Posttransfusion transmission was observed for the first time by
T. Francis (1946) and A. G. Harden (1955). In isolated cases (e.g.
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collection of blood and blood plasma during viraemia), a haema-
togenic mode of transmission is conceivable (65, 103) (see earlier
observations of H. Voegt [30], S. Krugman et al. [17]). Infection of
haemophiliacs from factor VIII preparations is likewise considered
rare (61), as is infection in haemodialysis units. However, a total
of more than 80 cases have actually been reported. • There have
been no reports of perinatal infection.

3.4 Epidemiology

HAV is a ubiquitous virus, especially since it retains its
stability in heat and cold under normal environmental
conditions and is highly resistant to external influences.
The risk of infection correlates with a low standard of
hygiene. For this reason, a 7 to 10-fold increase in fre-
quency of the disease must be anticipated when travel-
ling to certain countries (some 20 cases of infection out
of 1,000 travellers per month). The risk of infection is
even greater with so-called adventure trips (overland
trekking, backpacking) in those countries. The same
also applies to persons engaged in humanitarian or
development projects. Given these factors, prior active
vaccination is a necessity, unless immunity already
exists. (78, 109)

The seasonal frequency of infection in the late autumn and winter,
which used to be most pronounced in the wake of dry summer
months (at least in northern latitudes), is less evident today. It is
possible that closer physical contact resulting from unfavourable
weather conditions played a part here � especially since such sea-
sonal fluctuations were not observed in southern regions.

� Recent decades have witnessed large-scale epidemics in several
countries, generally caused by poor hygiene conditions and/or
infected food or drinking water. (51, 63, 112) • This is also true of
the great epidemics and pandemics with their impact on the battle
fronts and across the frontiers during the Second World War: from
1939�1945, between 5 to 6 million German soldiers and 3 to 4
million civilians (i. e. about 13% of the German population at that
time) contracted an HAV infection. These figures do not include
the undoubtedly large number of unidentified anicteric courses of
disease. • A wide-scale regrouping of troops had to be carried out
as a result of the losses in manpower due to HAV infection, as I
experienced myself when I likewise contracted the disease in Russia
in 1942. (s. p. 414)

The infection rate among the population of a country
correlates with age, hygiene standards, socio-economic
status and individual risk factors (drug addiction,
homosexuality, close contact with infected persons,
etc.). Men and women are subject to the same frequency
of infection, irrespective of age or race and seasonal or
regional factors. • In Germany, there has been a rapid
decrease in natural immunity, because far fewer juve-
niles become infected with HAV today. Consequently,
when people contract the infection at a more advanced
age, there is a higher complication rate and greater mor-
tality (2.7% vs. 0.004%).

3.4.1 Frequency of disease

The infection rate is established by determining anti-
HAV IgG in the serum. Prevalence depends upon the
epidemiological situation in a particular country. At
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40�50%, Germany ranks in the middle, with a clear
dependence on age: some 5% of eighteen-year-olds and
about 75% of seventy-year-olds are positive. Currently,
30�40% of those older than fifty are HAV-negative in
Germany. The infection rate is about 4 to 5 times higher
than the number of cases actually registered. (56, 76)

3.4.2 Obligation for notification

Germany’s 4th Federal Epidemic Control Act (1992)
requires that all cases involving primary hepatotropic
viruses (A, B, C and others) which result in disease or
death are reported to the local Public Health Depart-
ment. (s. tabs. 23.1, 23.2; 24.3; 25.1)

There has been a continuously declining tendency in the
number of HAV cases in numerous countries as a result
of improved hygiene and active vaccination. • In Ger-
many, the following frequencies of HAV disease were
registered � although the actual figures were probably
much higher. (s. pp 426, 440)

1992 � 6,990 1998 � 3,811
1993 � 5,839 1999 � 3,131
1994 � 5,488 2000 � 2,820
1995 � 6,639 2001 � 2,274
1996 � 4,911 2002 � 1,479
1997 � 4,596 2003 � 1,365

Mortality in the same period (1992�2002) was as fol-
lows:

1992 � 13 1998 � 9
1993 � 14 1999 � 13
1994 � 12 2000 � 11
1995 � 12 2001 � 17
1996 � 19 2002 � 11
1997 � 15 2003 � 4

3.5 Pathogenesis
In principle, differentiation is made between two phases: (1.) initial
non-cytotoxic reaction with a high HAV replication rate and (2.)
cytopathogenic reaction with low virus production, histological
signs of inflammation and development of immunity. • Liver cell
necrosis is caused by T lymphocytes (CD8�) specific to the virus,
with T cell-induced cytolysis occurring in the course of the immun-
ological response. The virus is subsequently neutralized by anti-
bodies. • Given the right predisposition, HAV is deemed capable
of triggering autoimmune hepatitis. (96, 115)

3.6 Serological diagnostics

Direct detection of HAV and HAAg in the blood or
stools is only necessary for scientific purposes. • Sero-
logical diagnostics is based on the specific detection of
anti-HAV IgM, the presence of which confirms acute
viral hepatitis A. In differential diagnosis, it is necessary
to rule out acute viral hepatitis E, with which anti-HAV
IgM may likewise occur! Anti-HAV IgM rises in the
serum during the first 2 weeks of the disease, i. e. 3 to 4
weeks after infection. It persists for about 2 or 3
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months, and in single cases for up to 12 months (71),
with slowly diminishing titre values. A clinical relapse is
usually accompanied by a renewed increase in anti-HA
IgM; in protracted courses of disease, the drop in titre
values is generally delayed. • A rise in anti-HAV IgG is
observed four to six weeks after infection. This finding
points to a subsiding HAV count or one which has long
since run its course. The IgG specific to the virus per-
sists for a lifetime and reflects the HAV immunity of
the carrier (and the infection rate of the population or
community). (78) (s. p. 113) (s. fig. 5.5)

The mere detection of anti-HAV only implies the pres-
ence of virus-specific IgG or IgM and offers no infor-
mation on acuity or immunity. For this purpose, it is
necessary to determine the antibodies of the IgG or
IgM. Maternal HA-antibodies pass to the foetus via
the placenta and provide the infant with postnatal
immunity for a certain period of time. The most sensi-
tive method of detecting hepatitis A is by RT-PCR.
HAV-RNA can also be detected with high sensitivity
using molecular hybridization (up to approximately
104 copies per ml).

3.7 Stages of disease

Incubation period
The period of time between HAV infection and the
manifestation of symptoms ranges from 15 to 49 days,
the mean period varying between 25 and 30 days. A
shorter incubation period is often accompanied by a
severe course of disease, i. e. fluctuations in the period
of incubation depend on the respective quantity of the
virus uptake and on the individual immune response.

Prodromal stage
Generally, the onset of the prodromal stage is charac-
terized by nausea, vomiting, lack of appetite, a feeling
of repletion and diarrhoea (or constipation), followed
by weakness, fatigue, fever, headaches, itching, sore
throat, painful joints, impaired sense of smell and taste,
light sensitivity and coughing � in various degrees of
intensity and frequency. These symptoms often take the
form of a “febrile influenzal infection”. In children and
juveniles, the “gastrointestinal” symptoms predominate,
whereas adults more frequently present with jaundice as
well as aching joints and muscles.

Clinical stage
In approx. 90% of all patients, acute viral hepatitis A is
subclinical, i.e. it frequently goes undetected. The end
of the prodromal and the beginning of the clinical phase
is indicated by a brown colouration of the urine. Urobili-
nogenuria persists for a longer period of time than bili-
rubinuria. Mild proteinuria and microhaematuria can
develop. Stools are usually acholic. • With the occurrence
of jaundice (60�70% children, 80�90% adults), most of
the subjective symptoms of the prodromal stage subside,
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whereas fever and exanthema often occur. There is evi-
dence of hepatomegaly in 70�80% of cases (whereby the
liver is sensitive to pressure due to capsular distension
and has a soft consistency) and splenomegaly in
20�30%, more rarely also cervical lymphadenopathy
(10�20%). • Children often show a moderate or asymp-
tomatic course.

From the end of the incubation period, laboratory
parameters show a rise in LDH as an expression of viro-
cyte duplication. They reach their maximum value in
the prodromal stage and decline from the beginning of
the icteric stage. • Already in the prodromal phase, the
indicator enzymes GPT, GOT and GDH begin to rise,
the increase in GPT being evident at an earlier point
(“liver cell damage”) and that of GOT somewhat later.
The transaminase values (usually between 800�1,200
U/l GPT and 500�700 U/l GOT) do not necessarily
correlate with the degree of severity. In approx. 95% of
cases, the transaminases show one peak. Generally, the
DeRitis quotient is < 1 (“inflammation type”). (s. p. 95)
(s. tab. 5.6) (s. fig. 5.5) The y-GT rises until the end of
the icteric phase and then recedes to the normal range
at a slower rate than the indicator enzymes � also
reflecting regeneration of the liver cells. (s. p. 97) A rise
in serum iron is always an expression of liver cell dam-
age. (s. p. 98) The AP and LAP only increase minimally.
Conjugated bilirubin is elevated, where the bilirubin
values � and to a far greater extent the duration of the
jaundice � correlate with the degree of morphological
severity. IgM in the serum is clearly higher. The haemo-
gram initially reflects leucopenia and lymphopenia, the
latter often developing into relative lymphocytosis with
the production of atypical lymphocytes. All other par-
ameters (electrophoresis, Quick’s value, cholinesterase,
autoantibodies, etc.) are normal. Zinc and selenium,
which are important for the body’s own defence, are
often reduced; copper levels are elevated. (71) Viraemia
may be longer-lasting than previously assumed: HAV
RNA is detectable about 17 days before GPT increases
and several days before HAV IgM appears. Viraemia
persists for an average of 79 days after GPT increase,
i.e. the main duration of viraemia is 95 days. (41)

Convalescence phase
The icteric phase lasts for some 2 to 6 weeks. Labora-
tory parameters become completely normalized after 4
to 6 months. Normalization of the serum bile acid is
also deemed to be a reliable parameter of recovery. The
regression phase is often characterized by pronounced
diuresis. (56, 76, 113)

3.8 Extrahepatic manifestations

Extrahepatic manifestations have repeatedly been de-
scribed in viral hepatitis A. (78) They can complicate the
course of disease and cause considerable clinical diffi-
culties. (s. tab. 22.2)

421

Acute renal failure (60, 93, 120)
Aplastic anaemia
Arthralgia (68)
Ascites (48, 77)
Cholecystitis (39, 88, 92)
Cryoglobulinaemia (67, 68)
Encephalitis (64)
Exanthemas
Guillain-Barré syndrome (42)
Haemolysis (81)
Myalgia
Pancreatitis (50, 75, 104)
Pleural effusion (106)
Purpura (44)
Thrombocytopenia (44)
Urticaria (102)
Vasculitis (49, 67, 68)

Tab. 22.2: Extrahepatic manifestations with acute viral hepatitis A
(with some references) (s. tabs. 22.7, 22.8)

3.9 Clinical courses of disease

� Acute viral hepatitis A usually pursues an uncompli-
cated course (in children mostly mild or asymptomati-
cally) and heals without sequelae (90�99%). About 13%
of the elderly patients need clinical therapy. • Neverthe-
less, some particular courses of disease are worth men-
tioning:

Cholestatic course
Characteristic of this course of disease � mainly in elderly patients
� are the greatly increased bilirubin values (15�30 mg/dl) lasting
between 2�5 months, accompanied by elevated AP (and LAP) val-
ues. Transaminase activity is relatively low (generally below 500 U/
l). Clinical symptoms include itching, fever, malaise, bradycardia
and a loss of weight. This complicated course of disease finally
heals without sequelae. (46, 49, 62, 64, 101, 118) (s. pp 416, 432)
(s. fig. 22.4)

Fulminant course
Very rarely (0.01%), albeit more frequently in elderly patients and
people with a compromised immune system (0.1�1.0%), viral
hepatitis A takes a fulminant course. About 1.0% of all cases of
fulminant viral hepatitis are caused by HAV. The survival rate is
>90%. (53, 83) (s. pp 377, 433)

Protracted course
Delayed courses of disease lasting between 6 and 18 months
(2�3%) have been observed repeatedly (also by us in three cases).
The frequency is estimated at 5�20%. (101) (s. p. 432) • This pro-
tracted course of HAV infection can, however, be a sporadic, recur-
rent HEV infection, since HAV IgM also reacts positively here! •
With both a protracted as well as a cholestatic course, thought
must always be given to the combination of acute viral hepatitis
with the Dubin-Johnson syndrome when drawing up a differential
diagnosis. In one protracted and cholestatic case, we observed that
it was ultimately the typical histological finding which produced
the diagnosis. In such cases, percutaneous biopsy is essential for
differential diagnosis. (s. pp 223, 415) (s. fig. 12.1) Generalized lym-
phadenopathy can be considered as a marker of ongoing inflam-
mation. (89)

Anicteric (subclinical) course
The anicteric course is mainly found in children. However, it gen-
erally remains unidentified due to the multifarious complaints. For
this reason, the condition can give rise to a chain of infections,
particularly in nursery centres and schools. (94) (s. pp 416, 432)
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Recurrent course
For reasons that cannot be explained (reinfection? reactivation?),
relapse occurs in 5�15% of cases, especially in children. There may
be renewed HAV excretion in the stools (with the danger of infec-
tion for the environment) and a more pronounced increase in anti-
HAV IgM in the serum. The clinical course is usually milder than
in the first phase of the disease, yet is more frequently accompa-
nied by cholestasis and extrahepatic manifestations. Despite this
relapse, the disease heals completely. (40, 107)

Chronic course

� A report on the (possibly) first case of acute hepatitis A
developing into chronic active hepatitis (CAH) and cirrhosis
has already been published. (69)

3.10 Formation of granulomas
As with various viral, bacterial or parasitic diseases, with Hodg-
kin’s disease or after the intake of allopurinol, etc. (s. tab. 21.1),
acute viral hepatitis A can be accompanied by intrahepatic fibrin-
ring granulomas. (99)

3.11 Prophylactic measures

In principle, consideration has to be given to any meas-
ure that prevents faecal-oral HAV infection, e. g. correct
hygiene procedures � particularly in risk situations.
Generally, for water and food, is required: “Cook it, peel
it or forget it!” This includes the (worldwide) purifica-
tion of drinking water and the operation of reliable sew-
age plants. (45, 47, 73, 78)

3.11.1 Passive immunization

Passive immunization by means of standard immuno-
globulin (J. Stokes et al., 1945) requires an absence of HAV
antibodies. The detection of anti-HAV renders immun-
ization superfluous. Such protection is temporary, last-
ing approx. 2�4 months. It is effective as both a pre-
exposure measure (almost to 100%) and postexposure
measure (in over 80% up to 14 days after exposure and
possible infection). Passive immunization should also be
given to pregnant women who have been exposed to
infection. • Immunization is indicated to protect HAV-
antibody-free persons in their contact with diseased per-
sons or prior to a stay in high-risk regions. The immun-
ization of antibody-free persons also makes it possible
to develop a temporary protective ring of immunity,
preventing the infection from spreading when diseased
persons are being cared for. This so-called vaccination
seal is recommended for families and schools or insti-
tutions where there is close physical contact. Such pass-
ive immunization should be extended to simultaneous
vaccination as well. (45, 58, 80, 111)

Immunoglobulin A: The specific human immunoglobulin A is
injected i.m. deeply at body temperature (0.02�0.06 ml/kg BW).
With continued exposure, it is necessary to repeat the injection
after 6�8 weeks. Because of the known HAV IgG content, the
effect is better and lasts longer than with standard immuno-
globulin, in particular since batches of immunoglobulin can differ
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in antibody titre. Approximately 1% of vaccinated persons display
side effects in the form of fever, rash, aching joints or local sore-
ness at the site of injection. All of them are without consequence
and disappear rapidly. There are no contraindications. • Should a
pregnant woman be suffering from an acute HAV infection at the
time of delivery, the newborn should be immunized simul-
taneously.

3.11.2 Active vaccination

Active vaccination (P. J. Prevost et al., 1975) with an HAV live vac-
cine as well as with an inactivated HAV vaccine has produced a
higher antibody titre as well as a longer period of efficacy than
passive immunization.

The usual commercially obtainable vaccine is highly immunogenic
and low in side effects. The former 3-phase administration (i.m.)
with a single dose of 720 IU can be replaced by a 2-phase admin-
istration (i.m.) at zero and 6 (�12) months with a single dose of
1,440 IU. On average, an antibody titre of >4,000 IU/l is reached.
Given an annual drop in the titre of 14%, a period of protection
of some 10 years can be expected. The vaccine protection expires
at about 20 IU/l, which is why a booster inoculation ought to be
carried out in due course. An immunity of almost 100% is achieved.
By controlling the antibody titre, the time point for a booster inoc-
ulation can be established. The success rate is highest among youn-
ger people (under 40 years). If protection has to be provided
sooner, both injections may be administered within a period of 2
weeks. Side effects are very rare and without consequence, and
disappear rapidly (tendency to diarrhoea, nausea, slightly in-
creased transaminases, local soreness). (58, 72, 80, 98, 119)

The indications for active inoculation are (1.) people
who are planning a stay in areas with a high HAV infec-
tion risk, (2.) those who are working in such areas or
have close contact with HAV sufferers (including clean-
ing and kitchen staff in medical facilities), (3.) homosex-
uals, and (4.) patients with severe or chronic HAV-nega-
tive liver disease, since a superimposed HAV infection
can result in a life-threatening situation.

In principle, hepatitis A inoculation should be a routine
measure already carried out in childhood.

3.11.3 Simultaneous vaccination

In a situation in which rapid protection is required and
at the same time long-term immunity is to be established
as well, it is possible to carry out an active-passive vac-
cination with immunoglobulin A and active vaccine A.
This is also indicated in the case of a newborn if the
mother was suffering from acute viral hepatitis A during
pregnancy. After the 3rd inoculation with vaccine, all
individuals displayed a good formation of antibodies
to HAV.

3.12 Therapy

A causal therapy (with antiviral agents) is not yet pos-
sible. • Bed rest is usually kept in line with the situation
of the patient and, as with other acute diseases, is
recommended. • With inadequate oral intake, the substi-
tution of fluid, calories (glucose infusions), electrolytes,
trace elements and (water-soluble) vitamins is advisable.
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Cholestyramine may prove necessary for severe pruritus
due to a cholestatic course of disease (4�8 g prior to
breakfast) � if antihistamines were unsuccessful. With
such a cholestatic course of disease, the application of
ursodeoxycholic acid (2�3 � 250 mg) is most suitable.
(166) In some cases with a fulminant course, interferon
alpha has been successfully used. “Special diets”, gluco-
corticoids or other medication are not necessary.

4 Acute viral hepatitis B

4.1 Definition

A 42 nm DNA virus causes acute liver inflammation,
which heals in the majority of cases; in 5�15% of
cases, it becomes chronic or develops into a long-
term virus carrier status. Occasionally, posthepatitic
cirrhosis may occur, and there is a close correlation
with the development of primary liver cell carcinoma.

4.2 Pathogen

The hepatitis B virus (HBV) belongs to the hepadna
virus group. • This includes e.g. woodchuck hepatitis
virus (WHV) and ground squirrel hepatitis virus
(GSHV) (� orthohepadnaviruses) as well as Peking
duck hepatitis virus (DHBV), and heron (HHBV) (or
crane [CHBV]) hepatitis virus (� avihepadnaviruses).
(205, 206, 217, 220, 224, 230, 261)

There are at least 7 genotypes of HBV (A�G). Serologically, 9
subtypes of HBsAg can be distinguished, all of which have compo-
nent “a” in the main HBsAg. HBV can only infect mature hepato-
cytes in humans and chimpanzees. HBV DNA is a direct param-
eter of viral replication and infectivity, with a magnitude of 1011

to 1013 per day; replication of HBV is extremely high. It is possible
to detect 10�100 viruses/ml using PCR. (119, 137, 164, 173, 188,
189, 199, 232, 239) • (s. p. 113!) (s. figs. 5.6, 5.9!)

4.2.1 Inactivation

Viruses are only deemed to be definitively inactivated
once their nucleic acid has been irreversibly changed.
This can be determined with electron microscopy or by
a negative PCR. The individual types of virus may differ
considerably in terms of morphology and biochemistry,
so that the efficacy of disinfectants can vary greatly,
both in mode and degree. Hepatitis B viruses number
among the most resistant types of virus. This is why
the hepatovirucide potential of a disinfectant is largely
considered to be a criterion of its general effectiveness.

Hepatovirucidal substances such as aldehyde derivatives, chlorine
preparations (as long as chlorine is released at a low pH), glyoxal,
n-propanol and iodine have proved to be effective. Virus destruc-
tion is also achieved by heating (e. g. 100°C > 10 minutes, or hot
air 180°C >2 hours, or steam 120°C > 20 minutes at 1 bar). Just
as effective in inactivating a virus is the boiling of instruments or
equipment in a soda solution for 15 minutes. As far as possible,
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linen should be disinfected by boiling, e.g. in an alkaline solution
(pH 9�10 >30 minutes). Linen which cannot be boiled should be
decontaminated by soaking for 12 hours in a 16% aqueous solution
of formalin or in a 1.5% chloramine-T solution. Crockery and cut-
lery should be boiled in a soda solution (>15 minutes) or soaked
in either commercially available aldehyde compounds (2% >1
hour) or compounds of aldehyde glyoxal and ethylhexonal glyoxal
(5% >15 minutes). The careful cleaning of instruments prior to
sterilization � any remaining blood must be removed � is of great
importance. Instruments sensitive to heat are sanitized by gas steri-
lization using ethylene oxide or placed in a 3% formalin solution
for 6 hours. Endoscopes are sterilized by immersion in a commer-
cially obtainable virucide disinfectant, by an ultrasound immersion
method or in an endoscope disinfector. Frequent hand washing
with soap (ca. 3 minutes) and subsequent disinfection using an
ordinary commercially obtainable preparation (approx. 2 minutes)
is deemed adequate (yet not reliable). • Reference should be made
here to recognized disinfecting agents and procedures listed in the
official guidelines of the individual countries.

4.2.2 Pathogenesis

Virus docking: According to current knowledge on pathogenesis,
virus docking with the liver cells ensues directly via specific recep-
tors (e.g. pre-S1 domain). This capsid protein, which contains
HBV DNA, is transported into the cell nucleus with the help of a
nuclear, localization signal. Now the development of the complete
Dane particle starts, and the new viruses are secreted from the
hepatocytes by the Golgi apparatus. About 5 x 1013 viruses are
produced per day. It is possible that new therapeutic paths could
be opened up by using specific peptides to prevent the virus from
docking with the target cell or to stimulate the antibody response.
The uptake of the virus is effected by endocytosis; the virus DNA
reaches the cell nucleus.

Hepatocytolysis is caused by the cellular immune response to virus-
coded or virus-induced antigens of the liver cell membrane. HBV
itself is not directly cytopathogenic. The T lymphocytes are of
prime importance for the cellular immune response to HBcAg (or
HBeAg) at the liver cell membrane. The density of the virus deter-
minants at the liver cell surface and the concentration of the anti-
gens, determined by the human leucocyte antigen complex, are
significant. Genetic factors and the individual endogenous pro-
duction of interferon also influence hepatocytolysis. The virus par-
ticles released by lysis are fixed by humoral antibodies and then
phagocytized. (214, 221, 232)

4.3 Antigens and antibodies

HBsAg is coded by the pre-S gene. Pre-S1 and pre-S2

antigens are detected in high concentrations in the
serum. HBV expresses three forms of HBsAg: large (l),
medium-sized (m) and small (s) proteins. Small HBsAg
is the main component of mature HBV. (appr. 90%) (153)
In uncomplicated courses of disease, the elimination of
these surface antigens is generally achieved well in
advance of the decrease in the HBsAg titre. The elimin-
ation of HBsAg can be swift but also delayed and is
usually effected within 2�4 months. Smooth endoplas-
mic reticulum containing HBsAg is histochemically
detectable by orcein or aldehydethionine staining. How-
ever, this is only true for half of the hepatocytes. HBsAg
can also be detected in the liver cells by fluorescence
microscopy. The affected hepatocytes have no prefer-
ence for a particular site in the liver lobule. Nor is there
any correlation with the respective HBsAg serum titre.
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Histologically, the HBsAg-containing hepatocytes have
the appearance of so-called ground glass cells (S. Hadzi-

yannis et al., 1973). (163) (s. figs. 5.7; 22.8) (s. pp 114, 396)

Fig. 22.7: HBsAg in the cytoplasm of hepatocytes (arrows) (s. fig.
5.7). Clinically: HBsAg carrier (former drug abuse) with moder-
ately increased transaminases (immunoperoxidase reaction). These
findings correspond to the so-called ground glass cells in HE (s.
figs. 5.7; 22.8)

HBeAg is cleared from the serum in acute disease after
several days or a few weeks. The significance of HBeAg
has not been clarified (viral persistence?). It is not neces-
sary for HBV replication. It is considered to be a break-
down product of HBcAg and, in conjunction with
HBsAg and HBV DNA, determines the infectivity of
the patient. The seroconversion of HBeAg to anti-HBe
does not guarantee the active elimination of HBV in all
cases, since viruses can still be detected by PCR in clin-
ically healthy carriers of anti-HBe. In these cases, a
decrease in the titre of anti-HBe is generally accom-
panied by a reduction in the remaining virus load. Anti-
HBe can persist for 10�20 years, even lifelong. Negativ-
ity of HBeAg can be a sign of the formation of mutants
due to the occurrence of a stopcodon (TGA) between
the pre-core and core region. As a result, HBeAg cannot
be produced. Infections with HBeAg-negative mutants
usually show a high-replicative course. (137, 138, 182) (s.
p. 425) (s. tab. 22.3)

HBcAg is not detectable in the serum, yet can be demonstrated by
immunofluorescence in the nuclei of the hepatocytes. (s. fig. 22.8)
The excessive formation of intranuclear HBcAg is occasionally
expressed in the form of a microvesicular, eosinophilic brightening
of the karyoplasm and a shift of chromatin to the core membrane.
As a result of the metabolic strain on the liver cells due to the viral
infection, functional core swelling occurs, subsequently leading to
enlargement as well as basophilia of the nucleolus. HBcAg can
be seen in the affected cores as an even, dense, finely granulated
fluorescence. HBsAg and HBcAg are detectable in the liver cells
both together and separate from one another. With serologically
unresolved chronic hepatitis, the demonstration of HBsAg and
HBcAg in the liver cells can bring clarity to the clinical picture.

Anti-HBs is found in the serum just 2�3 months after
infection (“diagnostic window”) and probably remains
detectable for life (due to mild, continuous boosting
from persistent hepatitis B viruses?). It guarantees
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Fig. 22.8: Immunohistochemical detection of HBcAg in the nuclei
of liver cells shown by monoclonal antibody. Hepatocytes with
ground glass-like homogenization of the cytoplasm, so-called
ground glass cells (arrow). HBsAg in the cytoplasm is not pre-
sented immunohistochemically in this case (s. figs. 5.7; 22.7)

immunity to HBV infection. Patients with anti-HBs
titres are generally also anti-HBc-positive. Some
10�15% of hepatitis B patients form no anti-HBs. In
previous infections which date back a long time, titre
levels can fall below the detection threshold. About 2%
false-positive values are measured in the serum. (s. p.
114)

Anti-HBc IgM is the earliest immunological response of
the body to HBV antigens. It is the most reliable marker,
and once the disease is overcome, it can probably be
demonstrated lifelong as anti-HBc IgG. In chronic hepa-
titis B carriers, low titre anti-HBc IgG may also be pre-
sent. It is the most suitable marker for the HBV contam-
ination rate of a population (more reliable than anti-
HBs). The absence of HBsAg and anti-HBc IgM rules
out acute HBV infection. In healthy patients who test
positive for anti-HBc, latent viral replication is usually
still to be found. This can be detected with the help of
PCR. Active vaccination does not result in positive anti-
HBc IgM. (s. p. 114)

HBxAg: The significance of the smallest coded region
of the HBV genome (17 k Da) � as well as of its protein,
which comprises 154 amino acids � is still unclear. It is
deemed to be an early marker of acute hepatitis B. HBx
reinforces the replication of HBV in the liver cell. It has
possibly something to do with the development of liver
cell carcinoma, especially since it is most prevalent in
HBV-related liver cirrhosis and even in liver cell car-
cinoma. (146, 212)

Serological markers of the HBV antigens and anti-
bodies facilitate reliable diagnostic and prognostic
statements as well as an evaluation of the existing
infectivity of the patient. (138, 188) (s. pp 112�116) (s.
tab. 5.17) (s. fig. 5.9)



Acute viral hepatitis

4.4 HBV variants

Clinically relevant mutations at a rate of about 1 nucleo-
tide/10,000 bases/year can accumulate in cases of HBV
infections which have existed for years. (s. tab. 22.3)

S gene: loss of the “a” determinant
(� absence of vaccine protection)

Pre-S gene: loss of B and T cell epitopes
or loss of the pre-S2 promoter region
or loss of the pre-S2 start codon
(� no neutralization of the virus by
anti-HBs)

Pre-C/C gene: inhibition of the “e” antigen synthesis
(� severe course of disease)

C gene: loss of T cell epitopes
(� tendency to fulminant hepatitis)
� so-called escape mutants

P gene: loss of polymerase
(� accelerated elimination of the virus,
“unfit” mutant)
� so-called replication defect

Tab. 22.3: Known HBV mutants and their possible biomolecular
repercussions

Such mutations can be found in all genes of the HBV.
After the onset of acute hepatitis, such mutants can
affect the course of disease in a variety of ways, resulting
in fulminant development or rapid chronicity, or indeed
latent virus persistence. As a result of mutations in the
pre-C/C region, formation of the e-antigen can also be
prevented. Such HBV mutants might be responsible for
a situation which has long puzzled physicians, namely
the occurrence of severe chronic hepatitis despite a com-
plete immune response. It is likewise possible that the
development of hepatocellular carcinoma is attributable
to the integration of the viral genome (with its onco-
genic domain) into that of the host cell or the mutants.
Mutations in the “a” determinants can effect non-
response to the administration of HBV vaccine. When
using active vaccines composed of the S-gene product
from wild type HBV sequences, mutated viruses are
indeed capable of bringing about an infection in inocu-
lated persons (so-called S-escape mutant). (130, 132, 135,
182, 196, 244, 254, 262)

4.5 Specific serological courses of disease
(1.) HBsAg-negative/anti-HBs-positive course: This rare course of
disease can occasionally be detected in fulminant hepatitis with
rapid elimination of the virus, in cases of infection with HBV
mutants, in HDV superinfection with suppression of the HBV
infection and in non-apparent HBV infection in patients suffering
from alcohol-related liver damage.

(2.) HBsAg-positive/anti-HBs-positive course: It is possible for this
constellation to occur with vaccine escape mutants, with anti-HBs
immune response to a subdeterminant rather than to the “a” anti-
gen and with subsequent infection from another genotype with
HBsAg positivity.
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(3.) Anti-HBc-positive course: In negativity of HBsAg and anti-
HBs, only anti-HBc can be identified. This constellation is found
in approx. 1.5% of the population, in 0.9% of blood donors and
in 15�25% of intravenous drug addicts. Anti-HBs in low titre, no
longer measurable, may also be present, although positivity can
occur in 35% of cases following a once-only “booster” and in 50%
of cases after full vaccination. • If a healthy individual shows anti-
HBc positivity, there is the possibility of a latent infection with
virus replication in hepatocytes. In order to verify the interpret-
ation of this finding, it is necessary to use HBV-DNA determin-
ation or PCR.

(4.) HBsAg-positive/anti-HBs-positive/anti-HBc-negative course: The
occurrence of this rare constellation may be attributable to a selec-
tive immune defect, HBcAg/anti-HBc immune complex formation
and mutation in the core gene.

(5.) HBe-minus-HBV mutant: With fluctuating increases in trans-
aminases, the reaction to HBV DNA can nevertheless be positive
in the presence of anti-HBe. HBeAg formation is not induced.
These patients are particularly endangered by the rapid develop-
ment of CAH and cirrhosis. (s. pp 114, 424) (s. tab. 22.3)

4.6 Chronic HBsAg carriers

A person is said to be an HBsAg carrier (1.) if HBsAg
positivity has persisted for more than 6 months, (2.) if
the clinical and chemical findings fail to show any signs
of acute hepatitis, and (3.) if no (or only minimal)
lesions are detectable histologically. • The diagnosis and
differentiation of an HBV carrier can be established by
PCR. Viral hepatitis B is, however, only considered to
be completely cured if HBV-DNA negativity is estab-
lished at least in the serum. Nevertheless, chronic hepa-
titis cannot be ruled out as long as HBV DNA is still
detectable, even though HBsAg negativity as well as
anti-HBs and anti-HBe positivity is given. • Risk factors
involved in the development of a carrier state include
youth, minimal quantity of inoculated viruses with a
subclinical course, individual immune status, dialysis
patients, etc. Only about 3% of carriers can recall having
had acute hepatitis. • The elimination rate of HBsAg
from the serum is about 2% per year. One case was
recorded with almost 20 years of HBsAg persistence
and infectivity!

Some 10% of patients with HBV infections develop a
carrier state (men 5 or 6 times more frequently than
women). With regard to vertical infection, a carrier state
is witnessed in up to 90% of the affected children. •
The long-standing existence of an HBsAg carrier state
involves the following dangers : (1.) superinfection with
HAV and HCV, (2.) superinfection with HDV, (3.)
occurrence of chronic hepatitis culminating in cirrhosis
(in 10�20% of cases), and (4.) two to four-fold risk of
hepatocellular carcinoma (1 in ca. 250 carriers). • The
prognosis is generally good for persons who become
HBsAg carriers as adults. It is not possible, however, to
make a long-term prediction regarding the course of a
carrier state. If elevated transaminase values are
detected at intervals of several months, the histological
findings need to be clarified by liver biopsy. (121, 123,
143, 150, 167, 201)
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HBsAg carriers are fundamentally deemed to be conta-
gious, with the degree of infectivity fluctuating widely
from viraemic, highly infectious carriers to non-infec-
tious carriers. By determining the HBeAg and HBV
DNA, it is possible to estimate the degree of infectivity,
if necessary incorporating PCR findings. (202) Carriers
can present a very real source of infection in interper-
sonal and intrafamilial contact (142, 150, 157, 199, 202, 229,
253), particularly since HBsAg can be found in various
body secretions. (s. tab. 22.4) The newborn, too, is
exposed to the danger of infection in the perinatal and
postnatal phases, so that passive-active immunization is
urgently recommended. (259)

Chronic HBsAg carriers must be given detailed infor-
mation on how they should behave. This is particu-
larly important with respect to their occupation,
especially for persons in the medical field. Care in
complying with hygiene regulations, the wearing of
gloves and avoiding procedures that may cause injury
are matters of course.

4.7 Epidemiology

The HBV infection rate in Germany is 0.3�0.8% of the
population (ca. 500,000 carriers), 0.1% of blood donors
and 2�6% of i.v. drug addicts. In Europe, 0.1�5.0%
of the population are HBsAg-positive, with a greater
frequency in countries to the south (the highest values
being found in southern Italy and Greece). Among for-
eigners from endemic areas who are resident in Ger-
many, the fraction of chronic HBV infected persons is
10 times higher than in the general population. In the
countries of Africa and East Asia as well as in some
parts of South America, up to 30% of the population
(sometimes even more) are HBsAg-positive. Very high
infection rates are found in isolated population groups
(such as the Alaskan Eskimo with 45% and the Austra-
lian aborigines with 85%). The HBV reservoir is esti-
mated to number about 350 million people worldwide.
Some 250,000 patients die each year as a result of hepa-
titis B. (122, 199)

4.7.1 Obligation for notification

In Germany, viral hepatitis ranks second among infec-
tious diseases that are subject to notification. After 1962
(passing of the Federal Epidemic Control Act), the
number of cases ranged between 14,077 (minimum
value, 1963) and 25,900 (maximum value, 1973), with a
steady decline since that time. Nevertheless, the figures
only relate to those cases which have been “registered”.
The actual number is probably more than 5 times
higher, since anicteric cases are mostly not identified,
the obligation to report the disease is possibly “forgot-
ten” and the law can be subject to flexible interpreta-
tion. This has no doubt resulted in widespread “under-

426

reporting”. The wording of the law does not differ-
entiate between acute and chronic diseases. • A “heal-
thy” chronic HBsAg carrier does not have to be reported
� nor does a case of “suspected viral hepatitis”.

� In Germany, the following frequencies of HBV disease
were registered, whereby the actual figures are about 5
times higher. The continuously declining tendency can
be found in numerous countries as a result of improved
hygiene, optimized testing of blood as well as of blood
constituents, and active vaccination. (s. pp 420, 440)

1992 � 5,987 1998 � 5,232
1993 � 5,497 1999 � 4,570
1994 � 5,166 2000 � 4,601
1995 � 6,152 2001 � 2,427
1996 � 6,044 2002 � 1,425
1997 � 6,133 2003 � 1,304

Mortality in the same period (1992�2002) was as fol-
lows (males/females � 2 : 1):

1992 � 173 1998 � 158
1993 � 175 1999 � 96
1994 � 167 2000 � 98
1995 � 148 2001 � 93
1996 � 207 2002 � 108
1997 � 190 2003 � 119

4.8 Transmission

Acute viral hepatitis B can present with up to 1013

viruses per millilitre of blood � indeed an inconceivably
high figure. The typical maximum titre is about 108

viruses/ml serum. It is possible to detect 105�106 par-
ticles by means of HBV DNA. A very small number of
viruses suffices for an infection in the individual case.
The PCR method identifies a very low number of HBV
particles, although in practice the detection threshold of
100 to 1,000 HBV particles/ml is considered adequate.
With such excessive viraemia, it must be assumed that
B viruses pass into all body secretions and excretions �
only their detection in the stools remains controversial.
Sperm is considered to be particularly infectious. (191,
199, 221, 231) (s. tab. 22.4)

4.8.1 Parenteral infection

In the past, the infection route was assumed to be solely
parenteral, with blood transfusions being of paramount
significance, followed by the parenteral administration
of plasma preparations. Present-day extraction and pro-
cessing techniques for blood and blood constituents
have deprived this route of its significance (1 : 150,000�
200,000). • Nevertheless, it must be borne in mind that
the transfusion of HBsAg-negative, but anti-HBc-posi-
tive blood can lead to an HBV infection. (168, 231) This
diagnostic risk gap still exists when selecting blood
donors (in the USA and France, for example, blood
donors are already screened by means of anti-HBc).
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Every 10th to 20th HBsAg-negative and anti-HBc-posi-
tive blood donor is considered infectious. This infection,
which is for example caused by immune complexes (s. p.
431), has a longer period of incubation (> 120 days) and
generally progresses without clinical symptoms.

Amniotic fluid Pancreatic juice
Articular effusion Peritoneal dialysate
Ascites Pleural effusion
Bile Saliva (151, 178, 203, 253)
Breast milk (127) Sperm (178)
Colostrum (194) Stools
Gastric juice (?) Sweat
Lacrimal fluid (253) Urine (178, 253)
Liquor (223, 255) Vaginal secretion
Menstrual blood

Tab. 22.4: HBsAg and HBV-DNA detection in body secretions
and excretions (with some references)

A number of unusual parenteral infection routes have
been observed as causing the onset of viral hepatitis B in
individual instances (this can be sometimes of relevance
when a medical expertise has to be drawn up): spring
lancets for taking blood from the finger (227), infection
from the interior of a syringe, tattooing (193, 243), acu-
puncture (180), mosquitoes, (215), bugs (207, 218), leeches
that have been used several times, infection from skin
diseases such as psoriasis or eczema, manicure or pedi-
cure, shaving, infection from blood smears on thorn
bushes, etc. Contagion from needles which have been
improperly and carelessly discarded must be avoided.
The frequent multiple use and sharing of needles and
syringes explains the high rate of contamination and
subsequent contraction of the hepatitis B virus among
drug addicts (70�90% after > 5 years).

4.8.2 Sexual infection

Infection via the sexual route must be seen as more fre-
quent than has been assumed up to now (25�30% to
68%). Infectious body fluids include sperm, vaginal
secretion, urine and menstrual blood. (s. tab. 22.4)
Apart from the main inoculation route via mucosal
lesions, discussion focuses on the cellular intake of the
virus through lymphocytes (in which HBV latently
exists and can also proliferate) or through mononuclear
cells. • Hence, viral hepatitis B can be seen as a special
form of sexually transmitted disease (STD), and the con-
comitant abuse of drugs succeeds in considerably
heightening the risk of HBV infection. (157) • In 19%,
44% and 56% of documented cases, prostitutes proved to
be HBsAg-positive, with a 75% concurrent drug depen-
dence. (237) • Homosexual males are exposed to a high risk
of infection (ca. 70%), especially since anal intercourse
considerably increases the danger of HBV transmission.
(161) • With these risk groups, active immunization is the
safest and cheapest preventive measure in every case. In
addition, it is also generally important to encourage safer
sex with the aim of preventing hepatitis B. (191, 199)
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4.8.3 Perinatal infection and antenatal care

Diaplacental infection from HBsAg-positive pregnant women to
their unborn children (so-called vertical infection) is very infre-
quent in the first and second trimester, yet often prevails in the
third trimester. With coexisting HBeAg positivity and in acute
viral hepatitis B in the third trimester of pregnancy, the child is
nearly always (>90%) infected. About 10% of HBV infections are
acquired in utero. It is, however, difficult to decide whether the
infection is diaplacental or perinatal. Of the foetuses examined, in
fact only 8% showed signs of diaplacental infection. Consequently,
diaplacental transmission of HBV is considered to be of minor
importance. It is remarkable that HBsAg could be detected in the
gastric juice in 96% of the newborns with HBsAg-positive mothers,
thus pointing to the infectivity of the amniotic fluid. The most
regular development of an HBsAg carrier state in children may be
caused by intrauterine exposure to HBeAg: this antigen is
transmitted via the placenta and can therefore induce immunologic
tolerance in the foetus. (266)

Perinatal infection occurs during the course of delivery. The trans-
mission mode is either through skin injuries to the child, maternal-
foetal microtransfusions due to placenta lesion or oral intake of
HBsAg from maternal blood, amniotic fluid and vaginal secretion.
There have even been repeated reports of fulminant hepatitis in
newborns between the 2nd and 4th month of life. Chronic hepatitis
must be feared in >90% of cases, and the development of liver
cirrhosis has also been observed. The probability of a perinatal
infection correlates with the detection of HBeAg. Each HBsAg-
positive pregnant woman ought to be considered infectious on
principle, so that the newborn immediately receives a simultaneous
vaccination. In this way, perinatal infection of the child is almost
certainly averted before it can develop, and postnatal infection is
prevented. Administration of lamivudine during pregnancy to pre-
vent HBV infection is a further alternative. (124, 128, 134, 250,
256, 259, 263)

Postnatal infection also poses a danger for the non-vaccinated
baby/infant in terms of breast milk (127), injury to the mamilla
and close physical contact with regard to an HBsAg-positive
mother. (128)

� Statutory prenatal care: Some 5,000 HBsAg-positive
women become pregnant in Germany every year. In the
past, only so-called risk groups were tested for HBsAg.
However, it became clear that only about one third of
the pregnant women who were HBsAg-positive could
be assigned to a “classical” risk group, while two thirds
of the pregnant carriers remained unaccounted for. This
explains why the guidelines applied throughout the
respective countries did not lead to a decrease in the
frequency of HBV infection in newborns. The cost of
routine HBsAg testing and simultaneous prophylaxis
for neonates with HBsAg-positive mothers amounted to
just 1/20 of the costs incurred annually for the treatment
and care of those cases which were not protected from
perinatally acquired hepatitis B infection. • In 1992 the
respective statutory maternal guideline in Germany was
changed accordingly and now reads: “The blood shall
be examined for HBsAg in all pregnant women after the
32nd week of pregnancy and as near to the delivery date
as possible.” Thus general screening for hepatitis B in
pregnancy has been anchored in law, and the costs,
including those for simultaneous vaccination, are borne
by the health insurers. (s. fig. 22.9)
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Fig. 22.9: Screening of pregnant
women in the final trimester with
indications for simultaneous vac-
cination of the neonate

4.8.4 Close physical contact

Infection during childhood can be related to close contact
within the family or in day centres and schools (258),
particularly those for mentally disabled children and
adults. (145) The prevalence of HBV in child molesters
is high. (158) Children normally maintain close physical
contact, which may involve mutual skin injuries. (151,
191, 199, 219) Initial HBV infections sustained in child-
hood are generally associated with a very high carrier
rate (20�30%), whereas with advancing age the predis-
position to carrier state decreases to about 5%. An
HBsAg-positive child can, therefore, be the source of
intrafamilial horizontal infection. From this angle, too,
the necessity of preventive vaccination is obvious. (176)

HBV infection in the home mainly affects the partner.
Seromarkers were in evidence in about 50% of such
cases, whereas only 17% of the other members of the
household were affected. In 78% of partners who pre-
sented serological evidence of HBV infection, HBsAg,
HBeAg and DNA polymerase were simultaneously
detected, while HBsAg and anti-HBe were found in only
25% of cases. Without doubt, contact in the family or
among people sharing a flat or a house constitutes a
specific risk of HBV infection from HBsAg carriers.
Each individual case must, therefore, be examined as to
whether passive or active or simultaneous vaccination is
indicated and at what time. It should be noted that the
infection rate in non-immune members of a household
is about 30%. (142, 191, 203, 229)

With travellers to the tropics, the rather high rate of
HBV infection must be attributed to close physical con-
tact in poor hygienic conditions and possibly to insect
bites as well. An unusual report was published concern-
ing an HBV infection in four employees (out of ten) in
a butcher’s shop within one year. (155) The 100 to 200-
fold frequency of viral hepatitis in prisons as compared
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to that among the general population is striking (so-
called desmoteric infection). (59)

Oral transmission of HBV (S. Krugman et al., 1967)
requires larger quantities of substrate (about 50-fold)
than parenteral infection. Usually, oral HBV transmis-
sion has a longer incubation period and almost always
takes an anicteric course.

4.9 Hepatitis B and medical personnel

4.9.1 Medical personnel

The term nosocomial infection (s. p. 419) should not
only be applied to hospitals, but also to every doctor’s
surgery. At these locations, there are basically three
paths of transmission:

1. HBV can be transmitted from one infectious in-
patient to another (so-called cross-infection).

2. Patients can be infected by contaminated blood and
blood constituents as well as instruments or equipment.
Here, too, cross-infections are of considerable relevance.
(179, 227, 233)

3. Infected physicians and nursing staff are frequently
found to be hepatitis B carriers. (190, 222, 246, 257) A con-
siderable sensation was caused by the fact that, in one
report, 41 patients had been infected by a single practi-
tioner in the course of 4�5 years. (160, 179)

� Compared with the general population, physicians (7.4-fold)
and other medical personnel (16-fold) are exposed to a consider-
ably higher risk (200 in 100,000) of contracting acute viral hepatitis
from contact with HBV-infected patients. HBsAg positivity was
detected in 1.5% and 1.6% of medical personnel as a whole, 16%
of physicians, 22.4% of surgeons and 36.5% of laboratory staff.
Likewise, physicians and medical staff of psychiatric hospitals
(10�12%) and those engaged in pathology are risk groups. The
greatest danger from hepatitis is found in dialysis centres. The so-
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called Newcastle infection clearly demonstrated the unfortunate
chain of hepatitis disease when 6 members of the medical staff
were infected by an HBV-positive patient who was admitted to
hospital after having been injured in an accident. (234) • Of
133,000 surgeons in the USA, 1,900 proved to be chronically
infected with HBV. In spite of this, the transmission of hepatitis B
from surgeons to patients is considered unusual. Recently, however,
a case was reported in which one HBV-infected surgeon had
transmitted an acute HBV infection with positive HBc IgM to 19
patients who had been operated on by him (out of 144 assessable
cases). (165) Similarly, a German thoracic surgeon, who had
unknowingly become infected by HBV a long time before, was
held responsible for the transmission of hepatitis B to 13 of his
patients (1999). • The transmission of hepatitis B by endoscopes
(provided they have been cleaned in compliance with the regula-
tions) is considered improbable. (197)

The recommended prophylactic vaccination against
HBV has led to a drastic drop in occupation-related
HBV infections. Given an even greater acceptance of
voluntary active immunization, it would be possible to
prevent HBV infection almost completely in the medical
sector. In accordance with the statutory regulations,
non-immunized persons ought not to be engaged in
HBV risk areas. With a genetically engineered vaccine
available, all those whose occupations involve contact
with blood, blood constituents, contaminated items or
body secretions (s. tab. 22.5) should most definitely
receive active hepatitis B inoculation. In conjunction
with compliance to hygiene regulations, this measure
would make it possible to eliminate the risk of nosoco-
mial HBV infection almost completely (< 1%). Vaccin-
ation against hepatitis B is soon to be compulsory for
medical staff according to an EU directive. • In the case
of needlestick injury, passive immunization should be
effected within 6 hours if the following infection constel-
lation is established (by means of a rapid test): donor �
HBsAg-positive and recipient � anti-HBs-negative. At
the same time, active immunization should be initiated.
(184, 204, 233)

4.9.2 Hepatitis B and the dialysis unit

Physicians and medical staff at dialysis units, as well as the patients
themselves, are exposed to a particularly high risk. At 15 American
dialysis centres, the physicians presented an HBsAg frequency of
2.4%, which is 5 times higher than in the general population. In
1978 a total of 752 physicians and nursing staff contracted hepa-
titis B with 5 fatal cases in 350 European dialysis units. The
number of lethal infections recorded in the field of dialysis totalled
65 between 1972 and 1978. However, the subsequently improved
preventive measures, parallel to the separation of hepatitis-positive
from hepatitis-negative units and, in particular, the employment of
immunized staff have resulted in the extensive elimination of HBV
infection in the field of dialysis. (211)

HBsAg positivity was found in 15�20% of dialysis patients, about
two thirds of whom were also HBeAg-positive and hence highly
infectious. Chronic hepatitis can be expected to develop in about
half the patients. HBsAg-negative dialysis patients must be vaccin-
ated as soon as possible, perhaps initially with passive immuniza-
tion, until they form their own antibodies. Unfortunately, however,
dialysis patients show a high percentage of nonresponders. Our
experience shows that it is in fact possible to achieve a response in
some of these cases following adequate “substitution” of zinc, and
in some cases selenium. (144, 170) (s. p. 436)

429

Moreover, the relatives of dialysis patients are also exposed to the
risk of an HBV infection. Altogether 26% of the contact persons
examined presented serological signs of hepatitis B infection. The
frequency rate rose to 35% in people assisting in home dialysis.
Here, too, preventive measures are to be strictly observed; non-
immune contact persons must be actively immunized.

4.9.3 Hepatitis B and dentistry

The first report that dentists (5.3%) were exposed to hepatitis more
frequently than the general population was drawn up by A. Bern-

stein et al. (1953). • The risk of contracting the disease in a dental
practice was calculated by G. Klavis et al. (1971) and by subsequent
investigators as being 6�30 times higher than average. Some 80%
of the hepatitis diseases contracted by dentists are considered to
be related to their occupation. The number of dentists who have
overcome viral hepatitis is given at approx. 14%. • Understandably,
the question arises as to what extent an HBsAg-positive dentist
poses a risk to his/her patients. The first report on this transmis-
sion mode, submitted to my knowledge by M. L. Levin et al. in 1974,
focused on a dentist who had infected 12 patients as well as a
dental nurse and a colleague. Other publications report on the
infection of many patients, in one case up to 55 within a period of
4 years. (162)

Given the specific circumstances of this profession, den-
tistry is ideal for the transmission of HBV: (1.) to the
attending dentist, the patients are a totally unknown
group of persons with respect to hepatitis infectivity;
(2.) dental treatment nearly always involves injuries in
the oral cavity, where blood mixes with the saliva (which
is deemed to be an infectious agent anyway) � the close
contact of the dentist with blood and saliva predisposes
him to HBV infection; (3.) the work of a dentist involves
injuries to the skin from instruments as well as from
nonvisible or unnoticed epithelial defects or rhagades
(also caused by the frequent washing and brushing of
hands); (4.) the application of high-speed turbine drills
produces a spray of vapour comprising blood constitu-
ents, saliva and mucosal particles � in the case of an
HBV carrier, this is highly infectious. It was demon-
strated that the arm and hand of the dentist act as a
“crash barrier”, so that most of the spray is deflected
and can easily be inhaled by the dentist (L. Winkler,
1970). • There are almost 40 publications available on
the subject of the high occupational risk of infection to
which dentists are exposed and on the transmission of
hepatitis B from dentists to patients. (136, 162, 169, 183,
185, 186, 225, 226)

4.9.4 Insurance questions

The infection of dentists or physicians and their medical
staff with HBV from infectious patients presents no par-
ticular problems in terms of accident insurance protec-
tion and recognition as an occupational disease. In the
eyes of the law, it is of no importance whether hygiene
regulations have been ignored, whether a situation can
be attributed to negligence or whether use has been
made of the opportunity for active immunization.
Active immunization of dentists (physicians) and their
personnel is, however, a top priority! In addition, care
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should be taken to comply with accident prevention reg-
ulations.

Nevertheless, the situation becomes more complex if
patients appear to have been infected with viral hepatitis
by a dentist or a doctor and claim compensation from
the respective personal liability insurance. The decision
taken here will be based on the general terms and condi-
tions of the insurance policy itself. Likewise, the defini-
tion of “intent” and “gross negligence”, as stipulated
under German law, will have to be clarified once all
relevant factors have been reviewed.

For the legislator, the question arises as to whether the
(possible) infectivity of a dentist (physician) constitutes
an exceptionally high risk and to what extent hygiene-
related stipulations and other legal measures can pro-
vide a remedy. The legislator, however, reserves the right
to “prohibit the practice of certain occupational activi-
ties in whole or in part”. In some cases, this channel
has already been pursued by the responsible authorities
(even somewhat inappropriately).

� In 1978 we reported on a dentist who was given a two-year suspen-
sion. (185) The issues raised by this publication, in particular regard-
ing the inadequacy of sometimes uncoordinated and unbalanced
regulations, have still not been satisfactorily clarified by the discus-
sions and statements that have meanwhile ensued. (186)

For chronic HBsAg carriers (s. p. 425), there are no
comprehensive regulations to follow with respect to pro-
fessional conduct, everyday routine and family life. Yet
they must be well informed about their condition and
should be fully aware of the danger they pose. Provided
the respective hygiene measures are observed, restric-
tions in professional life are generally not necessary.

4.10 Stages of disease

Incubation period
The incubation period is (25�) 50�90 (�180) days.
This wide range depends on (1.) route of transmission,
(2.) quantity of virus transmitted, and (3.) immunity
status of the infected person.

Prodromal stage
The prodromal stage can last from a few days up to 2
(�4) weeks. Non-specific prodromal symptoms (gen-
eral, gastrointestinal, influenzal and arthritic/myalgic
complaints as well as taste disorder) tend to develop
more gradually, yet more severely, in hepatitis B than
in hepatitis A. Otherwise, however, there are no great
differences in terms of prodromal symptoms between
the two types of hepatitis virus, so that it is not possible
to differentiate hepatitis B from hepatitis A at the pro-
dromal stage. (s. p. 420) Nor is this possible by establish-
ing more pronounced enzyme activities or by means of
initial histological findings. It is the presence of HBsAg
(which is, however, absent from the serum in the early
phase in about 5% of cases and thus usually remains
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unidentified) and above all of anti-HBc IgM as well as
HBeAg and HBV DNA in the serum which makes dif-
ferentiation possible. In the pre-icteric phase, there is as
a rule evidence of leucopenia. Subsequently, lymphocy-
tosis and monocytosis occur. (s. p. 114) (s. fig. 5.9)

Clinical stage
The clinical stage commences with the occurrence of
jaundice. The level of bilirubin in the serum and, espe-
cially, the duration of the icteric phase, correlate with
the morphological degree of severity. Here, direct (con-
jugated) bilirubin mostly predominates. (s. tab. 22.5)

Parameters Spectrum of values

GPT ������
GOT � ���
DeRitis quotient < 1

GDH (�) ���
γ-GT � ���
LDH (�) ���

Bilirubin (conjugated) � ���
� anicteric form N �(�)

AP (�) ���
LAP (�) ���

Serum iron � ���

Bile acids � ���

Quick’s value N �(�)
Colombi index N �(�)
Cholinesterase N �(�)

Immunoglobulins � ���

Leucopenia N � �
Lymphocytosis, monocytosis N � �

γ-globulins N � �

Tab. 22.5: Spectrum of laboratory parameters in acute viral hepa-
titis B, depending on the degree of severity and specific courses of
disease (N � normal)

Depending on the degree of jaundice, pruritus usually
occurs, the stools are light in colour (acholic), and, at
the same time, the urine takes on a dark brown shade.
Even prior to the occurrence of jaundice, urobilinogen
is excreted to a greater extent in the urine and remains
detectable for the entire course of disease. The icteric
phase lasts 3�6 weeks; 60�70% have an anicteric
course. In the majority of cases, the liver is enlarged so
as to be palpable and is tender upon pressure; the spleen
is frequently palpable, too, and, in 10�20% of patients,
the lymph nodes are swollen. Arthritic pain, fever, and
skin eruptions are commonly experienced. In children,
an anicteric form with lymphadenopathy as well as a
non-pruritic, mostly populous exanthema, known as
acrodermatitis papulosa infantum (� Gianotti-Crosti
syndrome), can develop. (s. p. 84) The laboratory param-
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eters show a wide spectrum, depending on the degree of
severity and the course taken by the hepatitis. Micro-
haematuria and mild proteinuria are possible. The
blood sugar is occasionally reduced, and isolated cases
can present symptoms of hypoglycaemia. (s. tab. 22.6)
(s. p. 420)

In the later course of disease, slight increases in IgA and
IgG may be detected. (s. tab. 5.15). HBsAg is absent
from the serum in approx. 90% of cases within 2�4
months. A lower Quick’s value due to reduced absorp-
tion of vitamin K normalizes swiftly following the par-
enteral substitution of vitamin K (so-called Koller’s
test). The possible detection of antibodies (e.g. SMA,
ANA, SLA, LMK) is of no significance. The return of
bile acid values to normal constitutes a sensitive param-
eter for the regression and healing of the disease.

Convalescence phase
Given a natural course of disease, all laboratory values
are normalized within 4�6 months. The values of γ-GT
and AFP may continue to be increased for a while as
an expression of the regeneration of the liver cells. Occa-
sionally, weakness, fatigability, reduction in physical
strength, etc. can persist for a considerable period of
time. (150, 199)

4.11 Extrahepatic manifestations

The course of disease of viral hepatitis B can be changed
or complicated by multiple extrahepatic manifestations.
(78) They are probably caused by circulating immune
complexes containing HBV antigens (U. E. Nydegger et
al., 1980). Circulating antibodies are present in up to 80%
of cases. It is assumed that virus antigens (HBs, HBe)
constantly reach the blood from the liver cells, as do
immune complexes formed in the liver. Antigenaemia
triggers the production of circulating immune com-
plexes in the blood. Inefficient clearance in the RES due
to massive complement fixation then leads to the depos-
ition of immune complexes in different organs. • Three
forms of glomerulonephritis can be differentiated: (1.)
membranous, (2.) membrano-proliferative, and (3.)
endocapillary. (s. tabs. 22.2, 22.6) (see chapter 34.7.3)

� D.J. Gocke et al. (1970) reported on the first observation
of HBsAg-associated vasculitis. Hepatitis B was first
associated with glomerulonephritis by B. Combes et al. in
1971. Polymyositis was described by A. A. Mihas et al. in
1978. Concomitant haematological reactions are rela-
tively frequent, generally in the form of harmless
haemolysis or thrombopenia. Severe complications
include agranulocytosis and panmyelophthisis due to
acute viral hepatitis, such as were described by E. Lorenz

et al. in 1955 (at that time without the possibility of virus
classification). Altogether, over 250 cases of panmye-
lophthisis or aplastic anaemia have been reported in the
literature. (171, 181, 199, 208)
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Ascites (131)
Colitis ulcerosa
Cryoglobulinaemia (147)
Diabetes mellitus
Encephalitis
Gianotti-Crosti syndrome (156, 210)
Glomerulonephritis (139, 187, 252, 260)
Guillain-Barré syndrome (223, 247)
Myelitis, myasthenia gravis
Myocarditis (249)
Nephrotic syndrome (141)
Neuritis
Pancreatitis
Panmyelophthisis (208)
Peri-/polyarteriitis (159, 200, 209, 213, 245)
Pleural effusion (133)
Polyarthritis (172)
Polymyalgia rheumatica
Polymyositis
Porphyria cutanea tarda
Psychosis (255)
Skin alterations (267)
Thrombopenic purpura (181)
Thyroiditis
Urticaria (148)

Tab. 22.6: Extrahepatic manifestations in viral hepatitis B (with
some references) (s. tabs. 22.2, 22.8)

4.12 Specific clinical courses of disease

As with HAV infection (s. p. 421), the clinical features
of viral hepatitis B can be influenced by certain courses
of disease. As a result, it can prove difficult to draw up
a differential diagnosis, and thus further examination
becomes necessary. Some of these initially unpredictable
courses of disease may be a considerable impediment to
the self-limiting capacity of viral hepatitis B. (s. fig.
22.10)

4.12.1 Subclinical course

The term “asymptomatic” course should not be used.
Even if no subjective symptoms or clinical findings exist
and HBsAg is not detectable, at least the GPT is always
elevated. The existence of an HBV infection is not to be
dismissed unless the remaining HBV seromarkers,
including HBV DNA, are negative as well. • In contrast,
the term “subclinical” can be applied to a constellation
comprising increased GPT (and GOT) values, HBsAg
negativity (low-level carrier) and elevated HBV sero-
markers. • Therefore, it is quite right for persons with
elevated transaminase values (despite concurrent
HBsAg negativity) to be excluded from being blood
donors as a precautionary measure.

4.12.2 Anicteric course

In this course of disease (s. pp 416, 421), the immune
reactions are weakened; consequently, liver cell lesions
are less pronounced (� lower transaminase values as a
rule) and virus elimination is delayed (� protracted
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Fig. 22.10: Clinical courses of
disease in the HBsAg carrier
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status (s. tabs. 5.17, 5.18) (s. p. 116)

course of disease in general), with the result that HBsAg
persistence is also more common. Often, these patients
are only identified by chance. Because of the frequent
non-diagnosis, they continue to be exposed to the daily
routine strain put on them at work and to chemical
noxae, alcohol or medicaments, thus furthering the ten-
dency towards chronicity of the disease.

4.12.3 Protracted course

This is characterized by a delayed normalization of the
laboratory parameters and also by urobilinogenuria. By
contrast, the serum bilirubin has generally become nor-
malized. Subjectively, there are no symptoms. Pro-
tracted hepatitis B can continue to be HBsAg-positive
or become HBsAg-negative, or the HBsAg negativity,
apparent from the very beginning, may remain
unchanged the whole time. In these cases, however,
HBV-DNA positivity still exists (by applying the PCR
method, the sensitivity of HBV identification is
increased 10 million-fold!). • Histologically, there are
periportal residual infiltrates as well as late nodules and
liver cell lesions with isolated cell necrosis. It is recom-
mendable to establish morphological findings by means
of percutaneous biopsy so as to have a basis for com-
parison with follow-up biopsies. Protracted hepatitis B
is considered to be an important indicator for the fur-
ther course, either towards the healing of the disease or
its transition into chronic hepatitis.

4.12.4 Recurrent course

A renewed rise in the enzyme activities in the regular
course of subsiding disease or during the posthepatitic
phase of normal findings points to a relapse of hepatitis
B (2�15% of cases). As a rule, the first occurrence of
the disease and its relapse are only separated by an anic-
teric interval (H. Thaler, 1982). The histological findings
are generally more pronounced, since the disease has
not yet morphologically healed. Routine everyday strain
as already mentioned above (alcohol, chemical noxae,
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medication, etc.) may be a causative factor. Physical
work, however, is not considered to induce a relapse.
Activation of HBV replication by means of cytotoxic
therapy has been described. (198) A relapse is under-
standably distressing to both patient and physician. In
setting up the differential diagnosis, thought has to be
given to secondary viral hepatitis (A, C, and especially
D) as well as to an additional infection with secondary
hepatotropic viruses (s. tab. 5.16) or indeed to a general
virus infection. Superimposed hepatitis infections are
greatly feared.

4.12.5 Cholestatic course

The frequency is given at 10�15%; including the minor
cases of disease, however, it may even be as high as 30%.
In the main, older persons are affected. When setting up
the differential diagnosis, the numerous other causes of
cholestasis have to be ruled out. (s. pp 416, 421) (s. tabs.
13.4�13.6, 13.8) (s. fig. 22.4) • Explorative laparotomy is
contraindicated!

Fibrotic cholestatic hepatitis in HBV infection can be
found in patients following liver transplantation and
reinfection of the transplant as well as after bone mar-
row transplantation (S.E. Davies et al., 1991; J.W.S. Fang et
al., 1993). The prognosis is poor. Therapy with lamivud-
ine can be tried. (175) Usually, the transplant fails or the
outcome is fatal within one year. (s. p. 417)

4.12.6 Fulminant course

The frequency of fulminant hepatitis B (s. pp 376, 416,
421) is about 1%, yet it is clearly higher in an infection
with HBV mutants and above all in a superinfection
with HDV. Fulminant hepatitis B may be due to a com-
bination of several unfavourable factors such as pre- or
coexisting liver disease, coinfection with HDV (approx.
50%), virus load, virulence and route of infection (e. g.
intravenous drug addicts), hormonal strain, additional
infections, haemodialysis and inadequate (too fast, too



Acute viral hepatitis

pronounced) immune reactions. With rapid HBsAg neg-
ativity and anti-HBs positivity, the survival rate is
clearly better at 47% than is the case with persistent
HBsAg positivity at 17%. • Therapy with lamivudin can
be recommended. (126, 132, 140, 174, 182, 192, 222, 241, 242,
244, 251, 262)

4.12.7 Subacute course

The subacute course is rare. It is found more frequently
in women than in men. The onset is acute, the symp-
toms are more severe and the disease progresses for
months. The prognosis is serious, since chronic liver
insufficiency often develops. Mortality is high.

4.12.8 Chronic course

About 3�5 (�10)% of cases of acute hepatitis B become
chronic. Chronicity occurs in 40% of 1 to 5-year-olds
and in 90% of babies. (s. fig. 22.10) Enzyme activities
(GPT, GOT, GDH) usually stabilize at moderately ele-
vated levels, the liver function values (cholinesterase,
Quick’s value, albumin) are normal or only minimally
reduced, while the gammaglobulins stay in the normal
range or only display a modest increase. The IgG value
shows a tendency to rise. The persistence of HBsAg for
more than 10�12 weeks may point to chronification.
Serological markers can present quite different constel-
lations in individual cases, yet anti-HBc positivity (with
distinctly and sometimes greatly elevated titre values)
and HBV-DNA positivity always prevail. Evidence of
HBsAg/IgM complexes is considered to be a sign of
chronicity. (195) A defect in the pre-S1 region may fur-
ther chronification. The risk of cirrhosis is 30% in a 20-
year course of disease. • Up to now, it has not been
possible to prevent the development of chronic hepatitis.
The idea that earlier treatment with IFα might reduce
the number of chronic courses is under discussion. (see
chapter 34.6.5)

4.13 Hepatitis B and pregnancy

Some 40% of all liver diseases and some 50% of jaun-
dice occurring during pregnancy are caused by acute
viral hepatitis.

The course of acute hepatitis B is not influenced by
pregnancy. More frequent development into chronic
hepatitis or reactivation of chronic hepatitis need not be
feared. The mortality rate of 1.5% corresponds to that
of acute viral hepatitis without pregnancy.

At 7.2%, the miscarriage rate in the event of pregnancy
coinciding with acute hepatitis B is no greater than the
frequency of spontaneous miscarriages. Only the prema-
ture birth rate at 15.7% is slightly higher than with nor-
mal pregnancies. The cause could be a greater sensitiza-
tion of the uterus musculature to oxytocin as a result of
higher bile acid values in the serum or an inadequate
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breakdown of placental hormones because of impaired
liver function. The stillbirth rate at 3.1% lies within the
normal range. In the literature, however, there are
reports of higher rates of premature birth (28.6%) and
stillbirth (9.9%) if viral hepatitis occurs in the third tri-
mester of pregnancy. There is no increase in the fre-
quency of embryopathy or foetal deformity. • As in acute
viral hepatitis A, an abortion is not indicated. On the
contrary, each termination must be seen as an abrupt
intervention in the hormone system and the immune
reaction status, which considerably endangers the preg-
nant woman. (124) (For statutory antenatal care see p.
427) (s. fig. 22.9)

4.14 Hepatitis B and hepatocellular carcinoma

There is a causal interrelation between the development
of hepatocellular carcinoma (HCC) and an HBV infec-
tion. (s. fig. 22.10) This is also shown by the geographic
correlation between the high HBsAg prevalence in
Asian and African countries (up to 20%) and the higher
HCC rate. HBsAg carriers have a 100 to 200-fold rela-
tive risk of developing HCC compared to the controls.
The probability rate of HCC was calculated at 6%/5
years. The seromarkers of an existing or past HBV
infection were detected in the serum or liver of HCC
patients in over 60% of cases. An increased frequency
in families was demonstrated by the observation that
several infected children of HBsAg-positive mothers
developed HCC. The latency period is between 15 and
30 years. Under certain circumstances, the HBV protein
x (HBx) acquires oncogenic qualities, triggering a cas-
cade of intracellular events (so-called step-wise carcino-
genesis) and thus effecting the sequential activation of
oncogenes and the inactivation of tumour-suppressor
genes. (123, 125, 146, 177, 228, 240, 265) (s. pp 444, 775)

4.15 Prophylaxis

All preventive measures are facilitated by an awareness
of the serological status of infected persons, individuals
with suspected infection and those generally in need of
protection. • Prevention of acute viral hepatitis has the
following aims:

1. Inactivation of the pathogen
2. Interruption of the infection chain
3. Passive immunization
4. Active immunization

Inactivation of the hepatitis virus is effected by suitable
disinfection and sterilization measures. (s. p. 423) •
Interruption of the infection chain is easier with hepa-
titis A than with hepatitis B as a result of its faecal-oral
mode of transmission and shorter period of infectivity.
Because of the costs involved, it is also difficult to build
up a temporary immunization barrier around the
infected patient. There is no legal obligation to have a



Chapter 22

patient with acute viral hepatitis hospitalized. When the
patient is treated at home, however, the provisions of the
Epidemic Control Act have to be adhered to, preferably
with the involvement of the Public Health Department.
Upon admission to an isolation unit, it is recommended
to separate hepatitis A patients from B and C patients,
since there is no cross-immunity between the various
hepatitis viruses, secondary infection is always possible
and thus constituts a certain risk!

4.15.1 General hygiene measures

In order to prevent viral hepatitis and to treat hepatitis
patients (in hospital and at home), strict compliance
with hygiene regulations is a priority. Regular and thor-
ough briefing of physicians and nursing staff is impera-
tive. Eating and smoking should be prohibited in areas
where a greater risk of hepatitis prevails. The sexual
transmission of HBV is reliably prevented by using con-
doms. • If all hygienic requirements are fulfilled, the risk
of hepatitis infection can be reduced to < 1%.

4.15.2 Passive immunoprophylactic measures

Passive prevention is ensured by (1.) pre-exposure
prophylaxis or (2.) postexposure prophylaxis. To this
end, immunoglobulin (HBIG) with an established anti-
HBs content (generally 200 IU/ml) is available. The effi-
cacy of passive immunoprophylactic measures depends
on:

1. the existing hepatitis B virus load in the body
2. the amount of anti-HBs administered
3. the timing of the injection
4. the mode of application of the preparation

The protective effect of HBIG (0.06 ml/kg BW) sets in
2�5 hours following i.m. injection. It lasts for about
2�3 months. If necessary, repeated vaccination may be
advisable after 1, 3 and possibly 6 months. The applica-
tion of HBIG calls for critical assessment in view of the
high costs involved.

Pre-exposure prophylactic measures with the cheaper traditional
gammaglobulin is ineffective against hepatitis. In cases of non-
immunity, immunoglobulin B (0.06 ml/kg BW) has to be adminis-
tered without delay. Non-immune persons should know their own
serological status, so that suitable preventive measures can be
taken immediately after any probable contact. If necessary, a sero-
logical rapid test can be carried out first, although this involves a
certain loss of time. • The protective effect of the immunization
decreases with each hour, and just 6 hours after exposure, efficacy
can no longer be guaranteed.

Postexposure prophylactic measures are, in contrast, of
tremendous practical significance. This is true for the
HBV infection of non-immune persons in the medical
field as well as in everyday life (e. g. needlestick injury,
swallowing infectious material, sexual contact, preven-
tion of reinfection following liver transplantation). All
preventive measures must be complemented by concur-

434

rent active vaccination in contralateral parts of the body
(� simultaneous vaccination). • The mere detection of
anti-HBc or anti-HBe in the suspect matter (blood, for
example) is suggestive of an infection and justifies vacci-
nation of the exposed person (since HBV DNA may be
present in a still unknown quantity). The demonstration
of anti-HBe in the mother is an indication for the vacci-
nation of the neonate. Newborns with HBsAg- and/or
HBeAg-positive mothers are considered to be particu-
larly at risk. For this reason, HBIG is administered
immediately postpartum and repeated after 1 and 3
months. At the same time, active vaccination is initiated.

Side effects (e. g. local soreness, urticaria, exanthema, arthralgia)
are rare or harmless and only last a short time. The administration
of HBIG in cases of HBsAg positivity might, in theory, lead to
the formation of immune complexes, yet this complication has not
been observed so far.

4.15.3 Simultaneous vaccination

In approximately 95% of cases, simultaneous vaccin-
ation affords protection against HBV infection. An indi-
cation is given for non-immune persons if their circum-
stances have led to HBV exposure and there is not
enough time for active prophylactic immunization:

1. newborns with HBsAg-positive (and anti-HBc-positive, pos-
sibly even anti-HBe-positive) mothers

2. accidental inoculations (e.g. needlesticks, injuries, smear
contacts)

3. sexual contact, particularly anal intercourse, with potentially
infectious partners

4. dialysis patients and relatives caring for them (e.g. home
dialysis)

5. current exposure through close physical contact (e.g. in insti-
tutionalized homes for the mentally disabled, in shelters for
the homeless, among drug addicts)

In order to prevent infection with HAV or HBV, partic-
ularly when exposed to these hepatitis viruses, various
measures are indicated. (s. fig. 22.11)

4.15.4 Active protective vaccination

The basic principle for the development of a vaccine resulted from
observations by S. Krugman et al. (1970), according to which inocu-
lation with heat-inactivated HBsAg prevented the outbreak of hep-
atitis B or lessened its severity in 80% of exposed persons as a
result of the development of protective antibodies (anti-HBs). The
first active immunization against HBV was carried out in 1973 (S.
Krugman et al.). • The immunogenicity of vaccines derived from
plasma is comparable with that of gene-engineered vaccines: with
3 � 10 µg, anti-HBs is induced in 95�99% of children and adults
(20�40 years); in older persons, the immune response is weaker.

A vaccination schedule involving injections (i.m. in the
upper arm [!] or more effectively intradermal) at intervals
of 1 and 6 months following the first injection (i. e. month
0, 1, 6) has proved successful. If an adequately high anti-
HBs titre is to be attained as quickly as possible, the
recommended intervals are 0, 1, 2 and 12 months.

Contraindications include acute infections and (possibly) certain
allergies. Side effects are minimal (<5%) and harmless (e.g. fatigue,
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Fig. 22.11: Preliminary tests and measures in the event of exposure
to or infection with HAV or HBV

rise in temperature, local reddening of the skin). In rare cases,
reports have been received of thrombocytopenia, haemolysis or neu-
ritis. • Active vaccination can be carried out during pregnancy. (124)
(s. fig. 22.9)

The indication for active vaccination is given for all non-
immune persons (1.) who are most probably exposed to
the danger of infection, (2.) for whom the necessary
time for the development of a protective anti-HBs titre
is available, (3.) who have not previously received active
vaccination because of indicated simultaneous vaccin-
ation, and (4.) as a general rule all children (from
infancy) and juveniles. These groups include:

1. Persons working in the health sector (184, 204, 236)
2. Persons occupationally in contact with blood or blood con-

stituents
3. Intimate partner of an HBsAg carrier
4. Homosexuals (161, 236)
5. Dialysis patients and, if necessary, the relatives caring for

them (e. g. home dialysis) (144, 170, 236)
6. Care personnel or inmates

� in homes for the mentally disabled
� in shelters for the homeless
� in prisons

7. Drug addicts (236)
8. Travellers to endemic areas, especially, when these journeys

are repeated or if hygienic conditions are poor (such as with
adventure travel)

9. Patients with coexisting liver disease who would be con-
siderably endangered by an additional HBV infection

10. According to the WHO report of 1995, hepatitis B vaccina-
tion should be included in vaccination programmes for
infants and juveniles � this has already been introduced in
numerous countries
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Preliminary testing prior to active prophylactic immun-
ization against HBV is carried out in line with a well
established schedule. (s. figs. 22.11, 22.12) • Active vac-
cination of persons who are only anti-HBc-positive usu-
ally triggers a booster effect with the development of
anti-HBs.

Regarding vaccine protection, the efficacy threshold for
anti-HBs is deemed to be a titre of about 10 IU/l. The
antibody titre is determined between 4 and 6 weeks after
the last vaccination. Depending on the titre attained, a
booster may be required at various intervals. It is recom-
mended to check the titre level some 4 weeks after the
booster. In this way, it is possible to establish the effect
of the previous vaccination and to fix a date for the next
booster. About 25% of all successfully vaccinated persons
are no longer adequately protected after 5 years.

Anti-HBs titre (in IU/l) Booster after

< 10 immediately
10�100 3�6 months
100�1,000 1 year
1,000�10,000 3�5 years
> 10,000 6�10 years

� The immune response is mainly influenced by age, gender and
immune status. Women usually show a better immune response
than men. In almost every case, children form adequately high
antibody titres (100% responders). Older people, starting at the
age of about 50, show a slowly decreasing immune response. (152)
Smokers, patients suffering from coeliac disease and overweight
persons are more frequently non-responders, as are certain HLA
types or those with IL-2 deficiency (e.g. dialysis patients). Dialysis
patients or immunosuppressed persons are only capable of an
immune response in about 50% of cases (or even less). • In 5�10%
of cases, no antibodies are formed (non-responders). (199, 235)

Relative non-responders only display a good immune re-
sponse after an additional 4th, 5th or 6th injection. In
alcoholics, a double vaccine dose is more effective. (238)
Care must be taken to ensure that the ampoule is well
shaken and the injection correctly placed (i.m.) in the

Immunity Vaccination Detailed diagnosis

Anti-HBc

Anti-HBs

∅ +

Anti-HBs HBsA g/HBV DNA

+
= active 

HBV infection

∅

∅ ∅+

Vaccination

Fig. 22.12: Preliminary tests prior to active vaccination against
hepatitis B (s. tab. 5.17)
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upper arm. It must likewise be guaranteed that the vac-
cine storage directions are adhered to and the cooling
chain is not interrupted prior to injection. • The trace
elements zinc and selenium, which can be relatively or
absolutely reduced under certain conditions, are also
important for the functioning of the immune system. (s.
p. 55) (s. tab. 3.15) In our experience, an adequately high
“substitution” of zinc and selenium can prove beneficial
before repeated injections (especially since the cost
factor is low, and there are no known side effects). This
measure is highly recommendable for cirrhotic patients,
in particular those with alcohol-induced cirrhosis, and
indeed for all alcohol abusers. These persons, who gen-
erally display zinc deficiency, are hardly capable of an
immune response, yet are very much exposed to the risk
of HBV infection.

Absolute non-responders are individuals who, in spite of
all efforts, still show no immune response. Additional
administration of interleukin-2 may open up new
opportunities for treatment. (122, 238)

Measures for non-responders

1. Compliance with storage instructions and maintenance of
the cooling chain for the vaccine

2. Shaking the ampoule
3. Injection in the upper arm (i.m., intradermal)
4. Additionally, 4th, 5th or 6th repeat injections, in general with

double dose and at shorter intervals
5. Possibly pre-administration of zinc and selenium

� If there is a risk of HBV infection prior to the com-
pletion of vaccination and before anti-HBs values can
give protection, the administration of HBIG is indi-
cated. As a result, interim passive protection is provided
and active vaccination can be completed. • Active vacci-
nation against hepatitis B is also considered to be the
most effective prevention against the development of
HBV-related hepatocellular carcinoma. (265)

4.16 Therapy

Causal therapy (i. e. antiviral treatment) is not yet pos-
sible with viral hepatitis B. Both HAV and HBV are
deemed to be self-restricting. • HBV infection, however,
differs considerably from hepatitis A with regard to the
following criteria:

1. Development of HBsAg carrier state
2. Progression to chronic hepatitis
3. Transmission mode
4. Penetration into body secretions and excretions
5. Correlation with HCC
6. Virus binding to the liver cell membrane
7. Mechanism of hepatocytolysis

4.16.1 Aims of treatment

The spontaneous recovery rate is around 90%. The
desired aims in treating viral hepatitis B can only be
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attained by means of therapeutic steps targeted at the
pathogenesis of the HBV infection:

1. Shortening of the (acute and total) course of disease
2. Prevention of massive liver cell necrosis
3. Avoidance of chronic hepatitis

4.16.2 Methods of treatment

Symptomatic measures: The only forms of treatment
available (at present) are those already used in general
medicine or other reasonable symptomatic measures:

1. Avoidance of factors (possibly) damaging to the liver, such
as alcohol, chemicals, medication, toxins, etc.

2. Avoidance of factors (possibly) straining the immune system,
such as operations, vaccinations, special medication, mental
stress, etc.

3. Treatment and stabilization of endocrine diseases, such as
diabetes mellitus, hyperthyroidism, etc.

4. Avoidance of malnutrition
5. Avoidance of physical strain

Alcohol abstinence: Despite contradictory opinions, a
period of alcohol abstinence should always be main-
tained during the acute course of disease as well as dur-
ing the so-called posthepatitic vulnerable phase. Even if
just a minimal amount of alcohol is actually permitted,
the patient is nevertheless likely to increase consump-
tion at will.

Bed rest: Patients who feel ill and weak will keep to bed
rest of their own accord and refrain from any unneces-
sary physical exertion. (s. p. 7) The fact that the hepatic
blood flow is improved when the body is lying flat is an
additional argument in favour of bed rest during the
acute phase of disease.

Diet: The diet should be evenly balanced and in accor-
dance with the principles of present-day dietetics; it
must also be tolerated by the patient. There is no special
diet for viral hepatitis patients. • The water and electro-
lyte balance is often disrupted in cases of acute viral
hepatitis, possibly with the occurrence of oedemas and
ascites (so-called hepatitis oedematosa) (48, 77, 131) (s. p.
297) or impaired renal function (60, 120) � as is recog-
nizable from the diuresis which normally develops at the
onset of the convalescence phase. An even balance of
water and electrolytes should be maintained � this is
very much supported by the patient lying flat. • In the
event of inadequate nutrition or malnutrition, particu-
larly when nausea and vomiting occur, substitution
measures are advisable (e. g. vitamins, glucose and
electrolyte infusions).

Moist warmth: The application of moist warmth in the
region of the liver is one of the oldest modes of treat-
ment of liver disease and dates back to Caelius Aureli-

anus. (s. p. 7) This aims at an improved circulation in the
liver, something which has not, however, been proved up
to now. In the case of upper abdominal complaints,
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moist warmth is not only seen as beneficial, but it helps
to avoid the use of splasmolytics and analgesics.

Cholestyramine may be advisable in cases of pro-
nounced pruritus as a result of a cholestatic course of
disease (4�8 g before breakfast).

Ursodeoxycholic acid was used to treat acute viral hepa-
titis B without cholestasis for the first time by our work-
ing group in 1988. (166) At the time, we attributed the
markedly positive effect of treatment in 9 out of 10
patients to the potential immunomodulatory effect of
UDCA. (149, 154, 216) In 1993 reports were also pub-
lished by A. D. Jorge on the good results achieved in 22
patients suffering from acute viral hepatitis and chole-
stasis. • Administration in acute viral hepatitis is there-
fore recommended in controlled studies, since side
effects are not to be expected and the current level of
knowledge on the pharmacological effects of UDCA
can be deepened. The beneficial effects of UDCA as
reported so far in the cholestatic course of acute viral
hepatitis are evidence of the success of this treatment.

Medicaments: Glucocorticoids are contraindicated. • Administra-
tion of interferon � is more dangerous than helpful. • Other medi-
caments should not be used unless this is absolutely necessary �
it must be noted that the disturbed metabolism may alter in
unforeseen ways. • In contrast, misoprostol (153) and lamivudine
(141, 248, 250) showed remarkably positive effects. Especially in
fulminant hepatitis B, administration of lamivudine (100 mg/day)
proved to be effective. In patients with reactivation due to cyto-
static therapy after liver transplantation, lamivudine was much
more efficacious than famciclovir.

� The “treatment of jaundice with sheep lice” was first reported
on by J. J. Becher (1663). In a fascinating publication, K. Quecke

(1951) describes this topic in detail from the viewpoint of med-
ical history. This procedure has long been common practice in
folk medicine in the treatment of jaundice and involves the
ingestion of a certain number of live sheep lice. There are inoffi-
cial reports that this absurd course of treatment is still practised
in many regions of the world as well as in all social classes
of the population, as I myself have witnessed (cf. the German
expression of “eine Laus ist über die Leber gelaufen” or the Eng-
lish exclamation of “something is biting him” when someone is
in a bad mood). (s. p. 5)

4.17 Healing of hepatitis B

The term healing means the complete restoration of
the previous normal condition. Such a restitutio ad
integrum in morphological and biochemical terms
often cannot be achieved in the case of acute viral
hepatitis B. • The term healing up means recovery,
although varying morphological or biochemical resi-
dues may remain � as is often the case with acute
viral hepatitis B.

4.17.1 Morphological healing process

In simple terms, the morphological healing process
comprises three steps: (1.) phase of remittent inflamma-
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tion, (2.) phase of regeneration, and (3.) phase of resid-
ual defects. Even if the healing phases are fluid in their
relation to one another, each individual stage is easy to
identify in the “longitudinal histological pattern”. (264)
(s. figs. 22.13, 22.14)

(1.) The phase of remittent inflammation shows a variegated histo-
logical picture, which is characterized as follows:
� increased deposition of glycogen in the hepatocytes
� accumulation of small liver cells with chromatin-rich nuclei and

basophilic cytoplasm in the peripheral areas of the cleaned
necrotic foci

� increase in acidophilic (and eosinophilic) single-cell coagulation
necroses (� Councilman bodies), rejected from the cellular
arrangement, so that the histological picture is often dominated
by these condensed acidophilic hepatocytes with disinte-
grating nuclei

� rise in binuclear hepatocytes
� decrease in ballooned hepatocytes and histiocytic-lymphocytic

cell elements in favour of plasmocytic forms as well as eosino-
philic degeneration (� dark liver cells)

� reduced stellate cell reaction through to focal residues
� smoothing of the parenchymal portal field barrier, with inflam-

matory reactions receding to the portal fields; the liver cells
grow in the direction of the central vein, making use of the
intersinusoidal spaces as conveyance channels

Fig. 22.13: Late stage of acute viral hepatitis B: moderate round-
cell infiltration of the lobular parenchyma with small aggregates
of Kupffer cells and Kupffer cell activation; slight disarray of liver
cell trabeculae; minimal canalicular cholestasis (�); liver cell mito-
sis (�) and binuclear hepatocytes

Fig. 22.14: Scarred area with fragmented parenchymal islets (�)
after confluent necrosis in the wake of viral hepatitis B (HBsAg�).
Localized round-cell infiltration in the remaining parenchymal
areas (HE)
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(2.) The phase of regeneration (s. p. 402) cannot be precisely de-
limited � the histological picture shows the superimposition of
remittent inflammatory changes and signs of regeneration. Minor
inflammatory reactions in the portal field may persist for some
time after termination of the clinical course of disease. The liver
cell degeneration pigment ceroid (s. fig. 21.6) is no longer present,
the stored iron pigment is only gradually transported away and the
intralobular late nodules (s. fig. 22.3) recede slowly. Fibrocytes and
fibroblasts are produced and activated, apparently developing
from the histiocytes.

(3.) The phase of residual defects continues to display so-called
late nodules (even for several months). The portal fields are
freed from inflammatory elements. Only occasionally is iron-
positive pigment identified; this serves as the most reliable and
longest detectable sign of a past acute viral hepatitis. Parallel
fibrillar production of collagen is increasingly evident in the
portal field. The portal field vein, initially still dilated, normal-
izes its lumen. Occasionally, there are minor fibrotic portal
fields, with the fibres fringed at the corners. Condensation of
the intralobular lattice fibre structure or fibrous sclerosis around
the central vein may still be detectable. These connective tissue
residues often prove to be reversible.

In severe hepatic necrosis with large losses of paren-
chyma, the regenerating epithelium is not always able to
restore the affected area completely. There is a develop-
ment of fibrous bundles, which are in some places con-
nected with pronounced and partly fringed fibrotic tis-
sue in the portal field. Moreover, extensive cicatricial
areas are formed, occasionally embedded in small
parenchymal islets. (s. fig. 22.14)

� After severe viral hepatitis had been overcome, we
were able to use photolaparoscopy in many cases to
document extensive parenchymal losses, particularly in
the area of the left liver lobe. We found not only (1.)
diffusely distributed scarred retractions and defects in
the connective tissue on the liver surface, but also (2.)
circumscribed, relatively clearly defined grey-white and
sunken scar plates, and even (3.) a largely dystrophic
loss of the left liver lobe. (s. figs. 21.10; 22.15, 22.16)

Fig. 22.15: Large sunken scar plate in the area of the left lobe
of liver (about 6 � 4 cm) subsequent to massive dystrophic liver
parenchymal necrosis due to viral hepatitis B
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Fig. 22.16: Atrophy of the left liver lobe with pronounced capsular
callosity following acute viral hepatitis B (s. fig. 21.13; 35.1, 35.14)

Despite these often extensive fibrotic and scarred
changes, sometimes with considerable parenchymal loss,
liver function values are usually normal. The enzyme
activities, likewise normalized, suggest the total disap-
pearance of inflammatory reactions without any further
liver cell damage. However, γ-GT can still be elevated,
pointing to continued liver cell regeneration.

4.17.2 Biochemical healing process

Biochemical healing is demonstrated by the normaliza-
tion of enzyme activities and liver function parameters.
There are also no obvious signs of any (possibly still)
increased mesenchymal activity. Occasional posthepa-
titic (functional) hyperbilirubinaemia is of no signifi-
cance; it always disappears spontaneously. HBsAG elim-
ination is 1�2% per year. Serologically, the occurrence
of anti-HA IgG and anti-HBs IgG as well as anti-HBe
(with the simultaneous disappearance of HBsAg and
HBeAg) is considered to initiate a recovery phase with
immunity. (264)

Nevertheless, these normalized laboratory parameters
do not supply any information on the form of morpho-
logical healing; in individual cases, this can be either a
restitutio ad integrum or a persistent defect after healing
with pronounced parenchymal loss and fibrosis. (s. pp
404, 438) With examinations using imaging procedures,
thought should be given to the possibility of such post-
hepatitic defect healing processes � even on a large
scale! (s. figs. 22.15, 22.16) � in cases where findings
are difficult to interpret. Only laparoscopy (and possibly
targeted biopsy) can assess the type and severity of such
morphological findings reliably and pinpoint their clin-
ical significance in the light of laboratory tests.
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5 Acute viral hepatitis C
5.1 Definition

Acute viral hepatitis C is largely (about 90%) iden-
tical with the disease formerly known as acute NANB
hepatitis. The main features of HCV infection are the
persistence of the virus (in > 80% of cases) and a high
risk of chronification (in 60�80% of infected persons).
(see chapter 34.6.6!)

5.2 Pathogen

� As from 1981, cases of acute viral hepatitis not caused by
HAV or HBV were known as non-A-non-B hepatitis (NANB)
(H. Yoshizawa et al., 1981; D. W. Bradley et al., 1983). • In 1989 Q.-
L. Choo et al. succeeded in isolating another pathogen of acute
viral hepatitis from the serum of an artificially infected chim-
panzee suffering from chronic NANB hepatitis. (5) Later in the
same year, the above mentioned working group presented a
radioimmunoassay with which the antibodies to the C-virus
were detectable. (311) • HCV is a (�) strand RNA virus with
a total of some 9,400 nucleotides (9.4 kilobases). This virus
has a diameter of 30�60 nm. Its nucleotide sequence displays
homologies to the flaviviruses and pestiviruses of the flaviviri-
dae family. HCV possesses a long open reading frame encoding
a polyprotein precursor of about 3,000 amino acids. With the
help of enzymatic degradation three structural proteins develop:
nucleocapsid C (p21), envelope E1 (gp31) and envelope E2
(gp70). A so-called region p7 forms the transition to the non-
structural proteins. These include the regions NS2 (p23), NS3
(p70) (� protease/helicase), NS4A (p8), NS4B (p27), NS5A
(p58) and NS5B (p68) (� replicase). The beginning of the struc-
tural proteins is denoted by 5’NCR, the end of the non-struc-
tural proteins by 3’NCR. (s. fig. 22.17)

The complete DNA sequence has meanwhile been clari-
fied. HCV binds to the cell surface structure CD 81 via
its envelope protein E2; for this reason, HCV can also
infect other cell types (apart from hepatocytes). (318) •
Virus replication can be detected very early (within the
first week after exposure). The viral particle load is
< 106/ml serum, which is less than half of an HBV infec-
tion. The highest antibody titres are found in the pre-
acute and early acute stages. • HCV can replicate extra-
hepatically, e. g. in leucocytes and B or T lymphocytes
as well as, occasionally, in oral lichen tissue. (284) The
spleen serves as a large extrahepatic reservoir for HCV.
(280, 288, 313, 318, 334, 342, 355, 358, 377, 383, 404) (s. p. 115)

5.2.1 Genotypes

HCV shows pronounced genetic variability. The cause
lies in the fact that HCV mutates swiftly and continu-
ously under immune pressure, so that several variants
result (known as quasi species). The mutation rate is
about 10 times higher than that of HBV. Worldwide,
different virus isolates have been found and charac-
terized in great detail. The genes for the envelope pro-
teins E1 and E2 seem to be particularly variable. • Up
to now, 6 genotypes and 13 subtypes have been distin-
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Fig. 22.17: Diagram of the genetic organization and structure of
HCV.

guished. There are clear differences in their prevalence,
depending on the geographic region. In Germany, for
example, genotypes 1b (50�55%), 1a (18�23%) and 3a
(15�18%) are most frequent, with i.v. drug dependence
displaying an even higher prevalence of the HCV geno-
types 2, 3a and 1a. Genotype 3a was particularly com-
mon in young patients. In cases of sporadic and post-
transfusion hepatitis, there is greater correlation to type
1b, which could take a more severe course in liver
transplant recipients due to the special circumstances
involved. Type 1b was also frequently detected in
patients with liver cell carcinoma in a non-cirrhotic
liver. Furthermore, type 1b is more often associated
with cirrhosis, and its response to interferon treatment is
less marked, whereas types 2a and 3 display the highest
responsiveness. Haemophiliac patients suffered succes-
sive infections with up to 3 HCV genotypes. • Types 4
and 5 are found mainly in Africa and type 6 in Asia.
The assumption that certain genotypes are of signifi-
cance for the course and prognosis of an HCV infection
was not confirmed in an evaluation of 2,235 patients. •
It is most probable that the course of disease and the
success of therapy largely depend on the genotype and
the virus load. (282, 287, 313, 341, 358, 377, 383, 389)

Genotypes of HCV and their regional frequency

Europe, USA 1, 2, 3
Australia 1, 2, 3
Far East 1, 2
Middle East 4
North Africa 4
South Africa 5
Southeast Africa 6

Tab. 22.7: Main geographical distribution of the HCV genotypes
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5.2.2 Inactivation

There are no particular measures for inactivating HCV,
except for the same disinfecting procedures as applied
for viral hepatitis B. Emphasis is thus placed on forma-
lin, aldehyde derivatives and chlorine preparations as
well as heating (e. g. 60°C for 10 hours). (s. p. 423)

5.3 Serological diagnostics

5.3.1 Anti-HCV test

The anti-HCV test mainly serves to identify chronic (and thus par-
ticularly infectious) HCV carriers and blood donors. The test does
not identify any acute disease or HCV infection of a newborn with
an HCV-positive mother, nor does it provide any information on
specific immunity or infectivity. • Although the term anti-HCV is gen-
erally used, antibodies to the intact C-virus have not been detected
(as yet).

� The presence of anti-HCV affords no protection from another
infection or reinfection. A reliable anti-HCV IgM test is not yet
available. Experimental results, however, showed that the titre cor-
relates with the activity of the disease and thus with the response
to interferon therapy. A serum may contain HCV RNA, even
though the anti-HCV test is negative. All sera testing positive for
HCV RNA proved to be infectious.

In acute viral hepatitis C, the HCV RNA usually clears from the
serum once the infection is over � although the anti-HCV test
remains positive for a long time after this. However, the combin-
ation of increased GPT and a positive anti-HCV test of the first
generation nearly always points to infectious HCV. Subsequent to
the EIA test, 95% of the positive sera demonstrated cRNA by
PCR, so that infectivity could be confirmed. For this reason, nei-
ther anti-HCV-positive blood donors nor blood units can be
released for transfusion. As a check for hepatitis B-negative
patients with liver cell carcinoma, the EIA test displayed positivity
in 83% of cases. In patients with aetiologically unresolved cirrhosis,
the EIA test was positive in 62% of cases, i. e. a large number of the
cryptogenic chronic cases of hepatitis and cirrhosis were probably
caused by HCV infection.

� False-positive HCV tests are mainly found with autoimmunopa-
thies, in particular autoimmune hepatitis type 2 (LMK-positive
form). (298, 313, 331, 350, 353, 358, 404) In cases of HCV infec-
tion which cannot be established serologically, the HCV RNA
should be identified directly prior to commencement of INF ther-
apy. In this way, the danger of deterioration in patients with auto-
immune hepatitis is eliminated.

5.3.2 RT-PCR test

The detection of viraemia can only be carried out by
determining the HCV RNA in the PCR test after prior
reverse transcription (RT) (K. B. Müllis, 1985). This also
works in the incubation phase with patients who are still
anti-HCV-negative with normal transaminase values as
well as with serum that is still anti-HCV-negative in the
acute phase. Thus the following indications are given for
the PCR method:

440

(1.) identification of a possible HCV infection already
during the incubation or acute phase, possibly after
exposure
(2.) ascertainment of acute viral hepatitis C with
negative anti-HCV test
(3.) detection of virus persistence and hence infec-
tivity
(4.) measurement of the number of particles as a fol-
low-up, particularly in patients prior to and after
interferon therapy
(5.) testing newborns of mothers with a positive anti-
HCV test
(6.) testing immunosuppressed patients for HCV
infection
(7.) establishment of reinfection after organ trans-
plantation

5.4 Epidemiology

The annual rate of new infections in Germany is esti-
mated at 15,000�20,000. The prevalence of HCV infec-
tion is 0.4 (�0.7)%, which equals approx. 500,000
chronic carriers of HCV. This includes both carriers
with liver disease and people with an apparently healthy
liver, since HCV RNA-positive persons show normal
GPT values in 50�60% of cases, yet also display the
histological signs of chronic hepatitis. In the countries
of south-eastern Europe, the prevalence is 1.5�4.0%. As
with hepatitis B, there are regions with a particularly
high rate of infection, such as for example the Pacific
area with 75%. Worldwide, the number of infectious
HCV carriers is estimated at 200�300 million; the
number of those infected with HCV is estimated at
approx. 5 million in Europe and 4 million in the USA.
(313, 334, 344, 349, 358, 359, 377) (see chapter 34.6.6)

Obligation for notification: In Germany, since 2000, a
differentiation has been made for notification purposes
between HAV and HBV as well as HCV, HDV, HEV
and “others”. The following numbers for NANB hepati-
tis (including all hepatitis viruses except A and B) were
registered (s. pp 420, 426):

1992 � 2,188 1996 � 5,178
1993 � 2,498 1997 � 6,272
1994 � 3,163 1998 � 6,174
1995 � 4,272 1999 � 5,987

The following frequencies of HCV were registered,
whereby the real figure is 8�10 times higher:

2000 � 6,274 2002 � 6,745
2001 � 8,635 2003 � 6,961

Mortality due to virus hepatitis excluding A and B (i. e.
“other viruses”) was as follows:



Acute viral hepatitis

1992 � 62 1995 � 98
1993 � 76 1996 � 156
1994 � 99 1999 � 173

Mortality due to virus hepatitis C was as follows:

2000 � 168 2002 � 127
2001 � 166 2003 � 110

5.5 Transmission

The hepatitis C virus can be transmitted parenterally or
sporadically. Risk groups with a high prevalence rate are
haemophiliac patients (70�90%), i.v. drug addicts
(50�90%), posttransfusion patients (60�80%), dialysis
patients (5�30%) and liver transplant recipients. In
40�50% of patients with a positive anti-HCV test, the
transmission route is still unknown. These cases are des-
ignated “community-acquired” or “sporadic” hepatitis C.
The cause is rooted in poor hygienic conditions and
close physical contact. (272, 277, 334) Fundamentally, the
possibility of infection depends on the virus titre in the
source person � it is considerably lower than with HBV
infection. Nosocomial infection between patients has
also been observed. (281, 329, 390)

Body secretions: HCV antibodies and HCV RNA could
be detected in saliva, sweat, urine, ascites, ejaculate,
breast milk, bile and lacrimal fluid. It can be assumed
that (as with hepatitis B) the occurrence of HCV in vari-
ous body fluids is directly correlated to the HCV con-
centration in the serum. (268, 290, 330, 338, 343)

Blood transfusion: Some 90% of cases of NANB post-
transfusion hepatitis are caused by hepatitis C. The risk
deriving from this greatly feared transmission route
could be diminished by using the anti-HCV test to
screen blood donors and blood units; this caused a
reduction from 4.0% to 0.6% and to < 1 for every 10,000
blood units (� residual risk if a so-called serological
window is present). (295, 298, 301, 386, 396)

Blood products: The use of blood units or blood prod-
ucts with haemophiliac patients as well as the admin-
istration of immunoglobulin preparations in general
(322, 347) were accompanied by high HCV positivity.
Today, there is only a slight risk of HCV infection in
this respect.

Haemodialysis: HCV prevalence (5�30%) depends on
the duration of dialysis and hence on the number of
blood units used. Transmission is also possible via the
dialysis equipment itself. (296, 317, 365, 378)

Drug addicts: With i.v. drug abuse, above all due to the
common practice of “needle sharing”, HCV antibodies
can be detected in 50�90% of cases. (314, 382)

Medical personnel: Infection can be caused by way of
needlestick injury (273, 316, 323, 352, 388, 399) or percutane-
ously, or the route of transmission may remain
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unknown. (407) The rate of contagion is 0.8%. Medical
personnel in transplantation units were particularly
exposed to risk (309), as were those in dialysis and
plasmapheresis centres. (294, 406) Dentists, too, were
infected 12 times more frequently with hepatitis C than
a control group (1.7% vs. 0.14%). With dental surgeons,
a contagion rate exceeding 9% could be detected. (290,
303, 324) In emergency admission units, the frequency
rates for positive anti-HCV tests were very high. (307)
An outbreak of acute hepatitis C was observed among
volunteers participating in pharmacokinetic studies.
(333) There was also a report regarding the risk of HCV
transmission from patients to surgeons. (395) However,
no serious risk of transmission emanating from an
infected gynaecologist was demonstrated during a
period of 7 years. (337) In other studies, the risk of HCV
infection in medical staff is largely identical to that
found in the normal population; in cases of injury, no
(not even short-term) IF therapy is indicated.

Transplantation: The transfer of an infected organ led
to hepatitis C in about half the cases, which, because of
the required immunosuppression, mainly took a fulmin-
ant or chronic course. As with HBV infection, reinfec-
tion can occur in up to 87% of cases within a 12-month
period following the transplantation of a virus-free liver.
(328) This could be due to the duplication of the virus in
extrahepatic cells. However, the transplanted liver only
showed slight inflammatory reactions, so that HCV cir-
rhosis is deemed to be a clear indication for transplan-
tation. (305, 345, 381, 400, 402)

Skin injury: One report was received on the parenteral
transmission of hepatitis C via a bite wound from an
HCV-infected person (299) and another on transmission
from shaving. (397) It is not certain whether mosquito
bites can also transmit hepatitis C. Large tattoos or acu-
puncture are considered to be another channel of infec-
tion. Worthy of mention is a report of an HCV-positive
anaesthetist who infected 20 patients with hepatitis C.
(292)

Endoscopy: There is no risk of infection provided the
endoscope has been correctly cleaned. (369)

Intrafamilial infection: The frequency of intrafamilial
infection, i. e. from close contact in the household and
sexual contact between spouses, is clearly higher than
with HCV-free families, yet it is still categorized as low.
The notified rates of infection can vary considerably
(3.2�23.0%). With children, positive anti-HCV tests
were found in about 5% of cases. The sensitivity of the
tests applied and the difference in the types of virus are
probably responsible for the variations in the infection
risk. (270, 289, 302, 321, 347, 360, 370)

Sexual transmission: In heterosexual partners, anti-HCV
tests were positive in 5�23% of cases; a frequent change
of partners seems to increase the risk of infection (some
10% of all HCV infections). Sexual transmission is more
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frequent from an infected male to a female than vice
versa. Homosexuals display a low infection rate of
about 3% per year. In prostitutes, prevalence is 5�10%.
In all, sexual transmission is of minimal significance, yet
it has been validated in several studies. (278, 315, 343, 348,
370, 391, 394, 398)

Vertical infection: In about 0.8% of pregnant women,
the anti-HCV test is positive. The likelihood of trans-
mission from the mother to the child is 5% (�10%), yet
it increases in line with the titre value of the circulating
HCV RNA. The chronicity rate may be as high as 90%!
However, detection is only possible by means of PCR,
since anti-HCV can also be transmitted passively to the
newborn, irrespective of infection. Transmission of
HCV has even been demonstrated over a number of
generations. HCV-positive mothers should possibly
refrain from breast-feeding their infants, since HCV
RNA can be present in the breast milk. Nevertheless, a
doctor’s order against breast-feeding is unnecessary. So
far, one fatal case of HCV infection in a child has been
reported. Administration of immunoglobulin to the
newborn is not indicated. Pregnancy is not contraindi-
cated in HCV-infected women. HCV screening is not
required in every case. (306, 327, 367, 368, 385, 405)

5.6 Histological findings

On the whole, the histological picture resembles that of
toxic hepatitis. As a result, it can be most difficult to
make a differential diagnosis. In contrast to HAV and
HBV infections, viral hepatitis C displays some specific
histological features (310, 325, 326, 334, 358, 362, 376, 384):

(1.) In 30�85% of cases, the liver cells show fatty degeneration.
(2.) Destruction of the bile ducts is frequently detectable.
(3.) Hyaline cytoplasm inclusions (Mallory bodies) can often be
detected.
(4.) Hyaline single cell necrosis (rather similar in appearance to
Councilman bodies) is nearly always witnessed. This cell necrosis
is the result of cytotoxicity, mediated by T lymphocytes.
(5.) In the portal fields, plasmacellular and lymphocytic infiltrates
prevail. However, they are also present in the liver parenchyma,
arranged linearly inside the sinusoids, which is why this finding
can indeed be mistaken for hepatitis mononucleosa. There are no
granulocytic components.
(6.) Epithelioid cell granuloma and liver cell ballooning are found
in rare cases.
(7.) With a chronic course of hepatitis C, the extent to which con-
nective tissue is formed is far less than in chronic hepatitis B. In
contrast, filigree bundles of fibre and small hyalinization foci are
chiefly found.

� Histological diagnosis of chronic HCV positivity is no
doubt best guaranteed by means of targeted biopsy with
laparoscopy if 2 or 3 bioptic specimens are taken, possibly
from the right as well as from the left liver lobe. Percuta-
neous biopsies, as a primary or follow-up measure, only
reach a limited area of the right liver lobe (s. fig. 7.8).
One single bioptic specimen is not necessarily represen-
tative of the total liver findings, as we have repeatedly
pointed out in the light of our own experience. (s. p.
160) (s. tabs. 7.3, 7.11) (see chapters 34.2; 34.6)
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Differential diagnosis: Such histological findings can
lead to considerable difficulties in terms of diagnostic
classification. Moreover, the course of hepatitis C can
occasionally be uneventful; sometimes only minor fatty
liver cell degeneration, often without any noteworthy
inflammatory reactions, is to be found. Even in cases of
validated HCV infection, percutaneous liver biopsy can
show “normal findings” (which, however, cannot in any
way be seen as representative as a whole, particularly
with HCV infection). Histological diagnosis is also ren-
dered very difficult by the occasional combination of
an HBV infection with hepatitis C. The following liver
diseases are important in terms of differential diagnosis:

(1.) Exogenous toxic fatty liver cell degeneration with
possible inflammatory reactions of fatty liver hepa-
titis. Especially, alcohol-toxic fatty liver is the most
frequent false diagnosis in cases of hepatitis C.
(2.) False diagnosis due to a certain similarity with
autoimmune hepatitis.
(3.) Histologically, suspected primary biliary cholan-
gitis.
(4.) Morphological similarity with hepatitis mono-
nucleosa.

5.7 Stages of disease

The incubation period lasts for 6�12 weeks, with
extreme values ranging from 2�26 weeks. Anti-HCV
can only be demonstrated 4�6 weeks after infection,
whereas PCR is already positive within the first week.
Current serological tests fail during the incubation
phase, which is why those persons who are without clin-
ical and biochemical symptoms can transmit HCV
infection unnoticed (e. g. as blood donors).

The acute phase is characterized by a continuous rise in
the detection of anti-HCV. Only 5�10% still test negative
for a certain period of time; in suspected infection, a sero-
logical check should therefore be carried out after 4�6
weeks. With individual patients, the immune response can
be delayed by several months, although there are no signs
of immunodeficiency. As with HAV or HBV infections,
prodromal symptoms are considerably milder or even
absent. In fact, the acute phase is clinically symptom-free
in ca. 80% of cases! Jaundice and/or hepatomegaly only
occur in 15�30% of patients, whereby the jaundice is less
pronounced. Enhanced fatigue may be evident. The mean
transaminase activity is about half of that observed in
hepatitis B, i. e. between 250�750 U/l. Often, an episodic
fluctuating course ensues, alternating with transaminase
values that may even be normal; therefore, normal values
cannot be taken as a criterion for ruling out HCV in-
fection. The clinical course frequently displays different
episodes with monophasic (15%), biphasic (22%) or
multiphasic transaminase levels as well as a plateau-like
pattern of GPT values. The increase in transaminase
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activity can persist for a period of 12 months in half of
the cases. The inflammatory changes correspond to the
extent of viraemia, i. e. the severity of the course of disease
correlates with the anti-HCV titre. Often there is a signifi-
cant increase in γ-GT (as much as 3 to 4 times the norm).
This generally correlates with serious damage to the bile
capillaries. • A cholestatic course is rare; generally, the dis-
ease progresses rapidly and can culminate in liver failure.
Organ transplant patients are especially affected. • A ful-
minant course of disease is more frequent in Japan, yet is
very rare in western countries (0.5�1.0%). (291, 311, 327,
392) This can be attributed to the higher HCV prevalence
in Japan or to the divergence of HCV genotypes. • Super-
infection with HAV has also been known to cause a fulmi-
nant course of disease.

� In acute and chronic HCV infections, various antibodies such
as ANA, SMA, LKM-1, anti-GOR, etc. (s. pp 118�121, 679) (up
to 65% of cases) as well as a positive rheumatoid factor (approx.
20% of cases) were detected. The differentiation between “genu-
ine” autoimmune hepatitis and HCV infection with autoimmune
phenomena is of paramount clinical significance.

A symptom-free course of disease is common with HCV
infection. A subclinical course is often observed as well.
It is therefore sometimes difficult to define the onset of
the disease and the point when clinical healing begins.
Clarity is only obtained by reliable histology based on
representative samples. (279)

The clinical course can be unfavourably affected by vari-
ous risk factors (e. g. race, gender, advanced age,
immune status, genetics) as well as by alcohol abuse (275,
337, 363), toxins, coinfections and chemicals. Conversely,
the course and prognosis of HBV, HDV and HIV infec-
tions as well as of metabolic diseases (e.g. porphyria
cutanea tarda, α1-antitrypsin deficiency) can deteriorate
as a result of hepatitis C.

Course of disease: Some 15�30% of those infected with
HCV recover spontaneously; another 25% are asymp-
tomatic with consistently normal transaminase values
and only minor histological lesions. In approx. 40% of
patients, sonographically determinable abdominal
lymphadenopathy develops. During the further course of
disease, hepatitis C displays a high chronicity rate of
60�80%. In 20�30% of cases, liver cirrhosis can be
expected to develop within 10�20 years. These figures
apply both to posttransfusion and to sporadic HCV
infections. In 5% of cases, death occurs within 5 years.
(312, 313, 334, 354, 362, 375, 380, 393, 396)

The diagnosis of acute viral hepatitis C is based on the
following parameters, whereby especially alcoholic liver
damage must first be ruled out (353, 377):

� moderate increase in GPT, GOT and GDH
� noticeably higher γ-GT value
� repeatedly positive anti-HCV test (plus titre determination in

the blood)
� determination of the HCV genotype
� positive HCV RNA test
� histological criteria
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HCV carrier state: A clinically asymptomatic carrier is
demonstrated by the anti-HCV titre and HCV RNA (in
serum and peripherical blood mononuclear cells) with,
however, normal transaminase values. This form is nat-
urally found most frequently in immunodeficient
patients, but also in cases of infection caused by geno-
type 3. Histology may be non-contributory (279, 354, 365,
379, 384) � yet it can also reveal severe changes, in which
case the GPT level is correspondingly elevated.

5.8 Extrahepatic manifestations

Just as with acute viral hepatitis A and B, an HCV infec-
tion can induce extrahepatic manifestations and syn-
dromes. (300, 313, 357, 358) Such associations with various
diseases not only make differential diagnosis very diffi-
cult, but they also have an unfavourable influence on the
course of disease in certain cases. The capability of the C
virus to induce autoimmunity is of special significance. (s.
tab. 22.8) (see chapter 34.6.2)

Agranulocytosis
Aplastic anaemia
Corneal ulceration (401)
Cryoglobulinaemia (269, 346, 351)
Diabetes mellitus (type 1)
Erythema exsudativum multiforme
Glomerulonephritis (293, 339, 361, 372)
Guillain-Barré syndrome (332)
Hyperlipasaemia (403)
Lichen ruber planus (364)
Non-Hodgkin lymphoma (297, 346)
Polyarteriitis nodosa (283, 285, 366)
Polyarthritis
Polyneuritis
Porphyria cutanea tarda (304, 356, 387)
Sialadenitis
Sjögren’s syndrome (271)
Thrombocytopenia
Thyreoiditis

Tab. 22.8: Extrahepatic manifestations in viral hepatitis C (with
some references) (s. tabs. 22.2, 22.7)

Even during the acute course of disease, haematological manifest-
ations in the form of agranulocytosis and transient aplastic anaemia
have been observed. • Membranoproliferative glomerulonephritis is
rare. HCV RNA, anti-HCV IgG antibodies and IgM rheumatoid
factors are found in the immune complex deposits. At the same time,
cryoglobulins and circulating immune complexes can often be iden-
tified in the serum. No association of this manifestation with a par-
ticular HCV genotype is known. HCV replication in the renal epi-
thelium has not been detected up to now. Treatment with interferon-
α has been successful in producing a clear improvement of the renal
function. • HCV RNA is detected in 42�95% of patients with essen-
tial compound cryoglobulinaemia of type II or III (in Germany, in
about 25% of cases). These findings often coincide with the identifi-
cation of the rheumatoid factor and/or a decrease in complement.
This extrahepatic manifestation of an HCV infection also displayed
a good response to interferon-α, whereas cessation of this therapy
led to the reoccurrence of the clinical and biochemical symptoms.
Long-term therapy might be helpful here, possibly with low-dose
interferon-α. HCV RNA is an accepted suitable follow-up param-
eter for the effectiveness of interferon therapy. In chronic HCV infec-
tion, a low-titre cryoglobulinaemia is often found without any con-
current signs of autoimmune disease typical for the condition. •
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Polyarteriitis nodosa is another extrahepatic manifestation of HCV
infection. • In 70�80% of cases, HCV infection could be associated
with porphyria cutanea tarda, whereas in Germany and Ireland, the
coexistence of an HCV infection with PCT could only be established
in <10% of cases. A possible explanation for this variation in preva-
lence might be either regional differences in the frequency of con-
genital uroporphyrinogen-III decarboxylase deficiency or a specific
genotype. • Moreover, some reports have focused on dermatological
and ophthalmological associations. Histology has shown lesions of
the salivary gland in up to 50% of cases.

5.9 Hepatitis C and hepatocellular carcinoma

The prevalence of anti-HCV antibodies in patients with
HCC is 13�76%, i. e. there are considerable geographic
differences. High rates of prevalence are found in Italy,
Spain and Japan (55�76%). A combination with a con-
current HBV infection increases the risk of carcinoma
development. With posttransfusion NANB cirrhosis,
the incidence of carcinoma development is > 5%. Given
an appropriately long duration of HCV infection
(20�30 years), primary liver cell carcinoma must be
expected in up to 20% of cases, i. e. HCC occurs in
1�4% of patients with HCV cirrhosis every year. Like-
wise, in chronic hepatitis C, the frequency of HCC tends
to be underestimated owing to the difficulty involved in
making an early diagnosis. (276, 286, 297, 336, 374) (s. pp
433, 775)

HCC diagnostics

Priority is given to sonography, which should be carried out at
intervals of about 6�9 months in cases of chronic HCV infection.
• At the same time, the �1 foetoprotein should be determined, since
both results are complementary to each other. AFP values of <20
ng/ml do not give any cause for suspicion. Increasing values, how-
ever, should be checked at shorter intervals, since a continuous rise
points to a high risk of carcinoma. The AFP values correlate well
with the size of the tumour and the undifferentiation of HCC. •
The next diagnostic step to be taken is a CT scan. It is important
to mention that foci of 3�5 cm in diameter are still accessible for
surgical resection. • For the histological validation of a diagnosis of
suspected HCC, laparoscopy is the first priority � there is no other
real diagnostic alternative. (s. p. 155) Such a technique facilitates
targeted biopsies and, when using Robbers forceps, the targeted
removal of tissue from various areas in an adequate quantity for
possible specific pathological processing. At the same time, it sup-
ports staging through inspection of the free abdominal cavity, which
is generally required in any case and cannot be replaced by any other
procedure. Percutaneous (“blind”) or sonography-guided liver
biopsy is not recommended, especially since it involves a consider-
ably greater risk of bleeding in this situation than does laparos-
copic forceps biopsy; moreover, percutaneous biopsy is only pos-
sible in a relatively small area of the right epigastric region (which
does not always correspond to the localization of the focus). Fur-
ther thought must be given to the fact that the obtained informa-
tion is in itself limited, and usually the investigation has to be
taken a step further by subsequent staging. (see chapter 37.3)

5.10 Prophylaxis and therapy

As with HBV infection, prophylactic measures include
general hygiene measures and avoidance of exposure.
Passive or active vaccination is not yet available. No
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therapy is required initially in a suspected infection with
HCV due to needlestick injury. (NB: All relevant find-
ings and facts must be carefully documented!) However,
GPT and GOT as well as PCR should be checked after
2�3 weeks and again after a further 4�6 weeks. If a
virus infection is now detected, interferon therapy can
be applied. In terms of behaviour on the part of the
patient, the treatment of acute viral hepatitis C corres-
ponds to that of acute viral hepatitis A or B. During
antiviral therapy, HCV RNA should be monitored
every 3 (�6) months. (274, 308, 313, 350)

� Only an efficient antiviral immune reaction can eliminate the
hepatitis C virus. In cases of acute HCV infection, minimal
(endogenous) interferon-α values are detectable in the serum, i. e.
the virus effects a poor interferon induction in the organism. • The
CD8� and CD4� T lymphocytes appear to be mainly responsible
for virus elimination. The problems of HCV infection lie in the
fact that the patient has virtually no chance of spontaneous
improvement or even healing with a chronic course of disease, i. e.
there is practically no self-limiting factor in a disease process that
has become chronic.

Antiviral therapy

In 1992 interferon-� was used for the first time in acute HCV infec-
tion (3 � 3 million U/week, s.c. for a period of 3 months). The
time at which therapy was commenced varied between 1 and 6
months after onset of the disease. Measured against the normaliza-
tion of the transaminase values, success was attained in 70% of
cases vs. 40% in the placebo group. After the end of therapy, the
transaminase values may rise again. In the event of chronification,
however, the course proved to be milder, and there was less histo-
logical activity. The long-term effect of interferon-α therapy in
acute viral hepatitis C cannot be assessed as yet. Only in 20�25%
of cases has it so far been possible to maintain remission of the
disease. Patients with HCV genotypes 3 or 2 maintained remission
in 30�40% of cases. • The dosage recommended is 5 million U/
day for 4 weeks, then 3 � 5 million U/week for 5 months, the aim
being to achieve HCV RNA negativity and normalization of the
transaminase levels as well as to avoid chronification (success rate
> 80�98%). (319, 320) With a negativity of HCV RNA and nor-
malization of laboratory values, interferon therapy can be conti-
nued for another 6 months (3 � 3 million U/week). • In some
50% of patients suffering from hepatitis C, the immune reaction is
sufficient to control the virus (i. e. its multiplication is suppressed).
Presumably, complete elimination of the viruses cannot be
achieved, even with an intact immune system. An increase in
CD4� lymphocytes is indicative of an effective cellular immune
response, so that the viral load is kept at a low level. • In 60�80%
of people infected with HCV 2 or HCV 3, the virus load can be
reduced to below the detection threshold after 6 months of
combination therapy with interferon-� � ribavirin; with interferon
monotherapy, this is achieved merely in 30�40% of cases. • The
question of improving the success rate by changing the dosage or
period of application is still unresolved, yet worth considering in
view of the problem of HCV infection. (340, 350, 358, 371, 377) •
This is also true for the (pharmacologically plausible) adjuvant use
of antioxidants, for example in the form of silymarin (2�3 �
140�170 mg/day) during treatment with interferon-α. • Moreover,
not enough reliable data are available regarding treatment with
amantadine (e. g. 2 � 100 mg/day for 3�6 months) subsequent to
interferon therapy. • Good results have meanwhile been achieved
with pegylated interferon, a newly developed interferon: with a
single application per week, it produces more constant efficient
levels, a higher success rate and fewer side effects. (see chapter
34.7.4)
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6 Acute viral hepatitis D
6.1 Definition

Acute viral hepatitis D/B is precipitated by an initially
uncoated (incomplete, defective) human apathogenic
viroid, which subsequently acquires HBsAg as its
envelope protein. This hepatitis delta virus (HDV)
becomes pathogenic as a result of two different infec-
tion modes: (1.) simultaneous infection of HBV and
HDV (� coinfection) and (2.) infection of a chronic
HBsAg carrier with HDV (� superinfection).

6.2 Pathogen

The delta virus was first detected in HBsAg carriers by M. Riz-

zetto et al. in 1977. (28) It was described as having a spherical
form with a diameter of 36 nm. Subsequently it was charac-
terized as a causative agent of exceptional pathogenicity. • As a
viroid, the delta particle comprises an uncoated, single-stranded
RNA in closed (circular) chain form, with 1,758 bases (1.7 kilo-
bases). Viroids are up to 100 times smaller than viruses. The
delta RNA is similar in structure to the genome of viroids from
the plant kingdom. The nucleoprotein of the delta viroid is
made up of the actual delta antigen (HDAg), which is com-
posed of two larger proteins (P 24 � 24,000 kD, P27 � 27,000
kD). (s. fig. 22.18) • Because of its coating with “major” HBsAg
(>95%), the delta viroid becomes a complete pathogenic virus
(HDV), replicating in the host cells. In this form, it has also been
shown to be transmissible in animal experiments (chimpanzees,
marmosets). It has not yet been clarified whether coating
material from other hepadna viruses is used to complete the
virus � in any case, replication within the hepatocytes has been
demonstrated in the absence of HBV. The infectivity of HDV
is essentially dependent on the presence of HBV. Pathogenic
HDV also infects other body cells such as renal cells and fibro-
blasts. HDV can be inactivated by means of formalin. (411, 414,
415, 418, 436, 437, 440, 448)

6.2.1 Mutants

The presence of mutant forms has been postulated on the basis
of certain observations that HDV infection can have a somewhat
variable course of disease (1.) in animal experiments, (2.) in human
disease, (3.) in various ethnic groups, and (4.) in different regions
of the world. Only three genotypes (1�3) are known so far. These
features of heterogeneity may all be found in a single patient. It can
be assumed that mutants account for the difference in virulence of
HDV and are also of significance for the clinical course, prognosis
and therapy of the disease (e. g. genotype 1 is found mainly in
fulminant hepatitis, cirrhosis and HCC). (422, 426, 428, 451)

6.3 Transmission

The transmission route of HDV corresponds to all the
channels of infection of HBV, since its pathogenicity is
coupled to the HBV as a helper virus. Thus HDV is
mainly transmitted parenterally through blood and
blood products as well as by sexual and even close physi-
cal contact. HDV infection cannot survive HBV infec-
tion. (417, 434, 443, 444, 452, 453)

Vertical transmission from mother to child is rare.
Nevertheless, newborns with HBsAg-positive and HDV-
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Fig. 22.18: Structure of the hepatitis D virus

infected mothers are especially at risk. Today, examina-
tions carried out in the final trimester of pregnancy reg-
ularly identify HBV-infected women by serological test-
ing, so that perinatal infection should, in principle, no
longer occur. (421) (s. p. 427) (s. fig. 22.9)

Posttransfusion infection can be dangerous for the recipi-
ent (1.) if he/she is HBsAg-positive and if the donor
blood, although proved to be HBsAg-negative in terms
of the legal requirements, contains incomplete delta par-
ticles which can cause a superinfection and (2.) if the
blood units have been obtained from an asymptomatic
HDV carrier, where HBsAg synthesis in the donor is
inhibited and his/her serological categorization proves
to be false-HBsAg-negative. • For this reason, blood units
intended for HBsAg-positive recipients should be HDV-
negative and also show normal transaminase values.

6.4 Epidemiology

Retrospectively, the delta virus could be detected in Bra-
zil in liver tissue dating back to the years after 1930
and also in blood specimens from the year 1947. Similar
discoveries have been made in blood elsewhere since
1968. • HDV infection is actually present worldwide, yet
there are considerable differences in frequency. The
highly endemic areas with the greatest infection percen-
tage are parts of Romania (ca. 80%), the Pacific Repub-
lic of Kiribati (ca. 70%) (449) and the Amazon region
(ca. 60%). Other endemic areas include Egypt, Senegal,
Gabon, Kenya and Tanzania as well as certain parts of
Bolivia, Columbia and Venezuela. (412, 425) Other signif-
icantly less endemic areas are to be found in the Bal-
kans, southern Italy (25�30%) and countries of the Near
and Middle East. There are estimated to be approx. 10
million HDV-infected people worldwide, i. e. some 5% of
HBsAg-positive carriers. (440, 442, 446) • Outside the
endemic regions, the highest figures are found among risk
groups: haemophiliac patients (40�60%), i.v. drug
addicts (up to 80%), dialysis patients and homosexuals
(40�60%). (408, 413, 429, 441�443, 452) • In Germany, HDV
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infection is rare (0.5�3.0%), except in the above-men-
tioned risk groups. (420); there were 8 cases registered in
2001, 12 cases in 2002, and 10 cases in 2003.

6.5 Serological diagnostics

Because of the different modes of infection with acute
viral hepatitis D, as coinfection or superinfection, ser-
ology can also reveal special features. In this respect,
HDAg as well as HDV RNA can be directly detected in
the serum and liver cells by PCR. (409, 424, 427, 445, 447)
(s. p. 115)

An indication for an HDV check by means of the anti-
HDV search test is given with (1.) an acute intermittent
episode of chronic hepatitis B, (2.) an acute HBV infec-
tion in risk groups and patients from endemic areas, and
(3.) a severe or fulminant course of acute viral hepatitis
B. The persistence of anti-HDAg IgM can be considered
as a serological risk marker for the development of a
chronic form. A titre of > 1 : 1,000 points to chronic
hepatitis D. Generally, anti-HDV and HDV RNA are
replication markers for an HDV infection.

6.5.1 Coinfection

HBsAg positivity is evident prior to the appearance of
HDAg in the serum, just as HBcAg is found in the liver
cell prior to the detection of HDAg. The other HBV
seromarkers follow, as in viral hepatitis B when existing
on its own. Anti-HBc IgM can be demonstrated at an
early stage with a high titre. Some 1�2 months after an
HDV infection, about 90% of the infected persons have
antibodies (anti-HDV and anti-HDAg IgM), yet as a
rule, the antibody titre is low. Anti-HDAg IgM can per-
sist for 5�6 (�12) weeks. Anti-HDAg IgG is subse-
quently detectable � often only within a serological
“window”. HDV IgG remains present for a number of
years and points to a past HDV infection. With the
occurrence of anti-HDV, the HDV RNA disappears. As
the healing of the acute HDV coinfection progresses,
the titre of anti-HDAg IgG gradually drops below the
detection threshold. A past HDV infection can no
longer be recognized retrospectively. HDAg and HDV
RNA become negative in the hepatocytes as well. With
the coinfection of HBV and HDV, the HBV RNA clears
more rapidly from the serum than in the case of an HBV
infection on its own. (s. fig. 22.19)

6.5.2 Superinfection

The HDV infection of a chronic HBsAg carrier leads to
the suppression of HBV synthesis, so that HBsAg,
HBcAg and HBeAg are no longer detectable. By con-
trast, anti-HDV can be identified earlier and at a higher
titre. (s. fig. 22.19)

6.6 Courses of disease

The course of disease is determined equally by these
two modes of infection. The incubation time is (60�)
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70 (�110) days. Analogous to the HBV infection, the
HDV infection can likewise take on multiple forms. (409,
416, 427, 432, 441)

6.6.1 Coinfection

A healthy person is simultaneously infected with HBV
and HDV. The pathogenic effect of HDV is usually
restricted to the period of the generally self-limiting
HBV infection, i. e. it can be expected to heal in approx.
90% of cases. For this reason, its clinical picture often
cannot be distinguished from that of viral hepatitis B.
In the event of a false-negative absence of HBV sero-
markers, acute viral hepatitis D can be misinterpreted
as HCV infection. Frequently (in some 30% of cases),
a bimodal-like increase in the transaminase activity is
registered at intervals of 3�4 weeks. This second rise in
enzyme activity is probably caused by activation of
HBV after synthesis was initially suppressed by HDV.
(s. fig. 22.19) Such a biphasic course often correlates
with the bilirubin level. The second phase of the disease
can sometimes be very severe, developing into fulminant
hepatitis in 2�20% of cases. (412) • In 2�7% of patients,
chronic hepatitis D may follow; 30�60% of these patients
develop cirrhosis. A hepatocellular carcinoma might also
appear after a 30 to 40-year latency period. (450)

Fig. 22.19: Diagram of the immune status in the course of coinfec-
tion and superinfection with HDV

6.6.2 Superinfection

A “healthy” or “diseased” HBsAg carrier is additionally
infected with HDV. The incubation period is shorter
than for coinfection. The transaminase values, hitherto
normal or moderately increased, are now rapidly aug-
mented, subsequently pursuing a plateau-like course. (s.
fig. 22.19) As a result, superinfection normally takes a
more severe course than coinfection. Consequently,
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transaminase values are generally higher than is usual
in coinfection (approx. 300�400 U/l). The transaminase
level is only insignificantly correlated with the extent of
liver cell necrosis. A modest boost in bilirubin (3�6 mg/
dl, higher values are rare) is witnessed after the rise in
transaminase activity. Generally, alkaline phosphatase is
elevated. • Fulminant hepatitis must be expected more
often than in coinfection (10�25%). A rapid rise in
transaminase values (> 1,000 U/l) points to the onset of
this severe clinical picture. No distinction can be made
from the fulminant course of an HBV infection. (419,
433, 434, 447) • Chronic hepatitis D occurs in 70�95% of
cases of superinfection. Reactivation is frequent.
Accordingly, the histological pattern of liver damage is
more pronounced. (423) Chronic hepatitis D develops
into cirrhosis at a higher rate and also at an earlier stage.
Likewise, there is a danger of hepatocellular carcinoma
following an appropriately long period of latency; the
frequency is, however, no higher. (450) • In single cases,
reciprocal viral interference can effect the healing of
HBV and HDV infections. (416, 430, 439, 454)

6.7 Special features of HDV infection
The occurrence of an asymptomatic HDV carrier state is possible,
yet rare. With immunodeficiency, there is greater proneness to
HDV infection and HDV replication. • Following liver transplanta-
tion, increased HDV replication can result from the use of immu-
nosuppressives. There is a danger of reinfection of the transplant
and development of chronic hepatitis D. Treatment with
interferon-α had no influence on the replication of HBV, yet it
reduced HDV replication. (435, 438) • Disproportional to the
absence or minimal presence of portal hypertension, distinct sple-
nomegaly can be found in approx. 20% of patients infected with
chronic HDV. (432) • Autoantibodies of the LKM 3 type (liver
kidney microsomes) are detectable in some 20% of patients. • The
extrahepatic manifestations are similar to those found with HBV
infection. (s. tab. 22.5) The special features of the serological and
clinical course, as well as of the histological changes, can possibly
be attributed to the differing pathogenesis or degree of cytotox-
icity. (410)

6.8 Prophylaxis

In terms of coinfection, prevention is only possible by
means of passive or active immunization against HBV.
It is imperative for chronic HBsAg carriers to avoid
HDV endemic areas. However, should this not be pos-
sible, strict protective measures against HDV infection
are called for.

6.9 Therapy

The treatment of acute viral hepatitis D is symptomatic;
it is usually carried out in line with the same principles
that apply to acute viral hepatitis A, B and C. • Con-
sideration can indeed be given to the treatment of
chronic hepatitis D with pegylated interferon-α in com-
bination with lamivudine. However, the results achieved
to date with interferon monotherapy have been less suc-

447

cessful than in cases of chronic hepatitis B or C. The
relapse rate is also higher. The long-term success of the
application of interferon-α is 10�20%. (431) (see chap-
ter 34.7.5)

7 Acute viral hepatitis E
� The first thoroughly investigated epidemic of the disease known
today as viral hepatitis E occurred in New Delhi in December 1955/
January 1956. More than 29,000 cases of jaundice were reported.
The 3 (to 4)-fold frequency among females and the prevalence in
middle-aged people (30�40 years) were striking. Above all, preg-
nant women were particularly affected and the occurrence of the
disease in the third trimester was accompanied by high mortality
(15�25%). Everything pointed to contaminated drinking water as
being the source of infection. (501) At the time, serological tests
were not available for the differentiation of acute hepatitis. Never-
theless, after the development of HAV seromarkers, deep-frozen
sera from this 1955/56 epidemic were examined, and, amazingly,
no HAV positivity was established. Consequently, this large-scale
epidemic in New Delhi was � at least for the most part � not
caused by an HAV infection. There must have been a second type
of (non-A) virus transmitted by the faecal-oral route. (487, 502) •
In 1975 V. M. Villarejos et al. likewise described an epidemic in
Costa Rica with a faecal-oral transmission route which was not
caused by HAV. • The evaluation of a hepatitis epidemic in Kash-
mir in November 1978 produced similar results to those found
after the epidemic in New Delhi. HAV and HBV infections were
not present. (476) Here, too, a faecal-oral transmission route via
contaminated drinking water was found. • The greatest epidemic
of all, registering about 120,000 diseased persons, was in Xinjiang/
China (1986�1988).

7.1 Definition

Apart from HAV infection, acute viral hepatitis E is
deemed to be a second enterally transmissible form
of viral hepatitis. The incubation period and clinical
picture are largely identical to those of an HAV infec-
tion, but HEV occurs more frequently in adults. Preg-
nant women are particularly susceptible, with a more
severe course of disease, a higher abortion rate and
increased mortality (15�25%).

7.2 Pathogen

The virus known as HEV was first identified in Moscow
in 1983 after being recovered from the stools of a volun-
tarily infected person (M.S. Balayan et al.). In 1988 it was
assigned to the Caliciviridae (D.W. Bradley et al.), to
which it bears a similarity. It is also similar to that of
the rubella virus, but because it lacks a protein coat,
it cannot strictly be assigned to the Togaviridae. In all
probability, it represents a new virus family. The genome
was clarified in 1990. (489) HEV is a (�)-stranded,
naked RNA virus, 27 to 34 nm in size, with a genome of
7,200 nucleotides in length and 3 open reading frames.
Several isolates have already been cloned and se-
quenced. The processing of isolates from various geo-
graphical areas clearly demonstrated genetic hetero-
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geneity. Up to now, 1 serotype and 3 genotypes have
been identified. (456, 461, 466, 470, 472, 478, 488�490, 503)

7.3 Epidemiology

In all probability, HEV is a zoonosis which is transmit-
ted to humans mainly by pigs (481), but possibly also by
other animals, e.g. rodents. (468) HEV infection occurs
endemically and epidemically as well as sporadically
(because of travel). There have been many reports of
epidemics and endemias of acute viral hepatitis E, such
as in India (458, 488, 494, 502), Pakistan (465, 497), Nepal
(474), Afghanistan, China, Indonesia, Malaysia, Egypt
(467), Israel (475), Somalia (483), Ethiopia (498), Turkey
(496), Syria (457), Singapore (463), Venezuela (486) and
Mexico (500). Sporadic diseases have been described in
seroepidemiological studies in Europe (460), the USA,
Korea, Australia (482), South Africa (469), Austria (471),
Spain (473), Switzerland (479), Taiwan (480), Greece (495),
Belgium (499) and Italy (505). • In view of travel and
tourism, particularly in the form of adventure treks in
countries with poor hygienic conditions, HEV infection
must be considered when faced with the task of drawing
up a differential diagnosis of acute viral hepatitis. In
Germany, up to 1% of the population are infected with
HEV: in 2001 some 34 cases, in 2002 merely 17 cases,
and in 2003 as many as 32 cases were registered. • The
swine is considered to be the main reservoir of virus; in
the USA, the majority of pigs were found to be infected
with HEV (genotype 3) within the first year of life. (481)
This strain of HEV has been transmitted from swine to
chimpanzee and from humans to swine. Such an HEV
reservoir in swine has meanwhile been detected in other
countries, including Germany. Nevertheless, transmis-
sion from the animal reservoir to humans is extremely
rare.

7.4 Transmission

HEV is transmitted by a faecal-oral route. (462, 464, 472,
491) Sources of infection are contaminated drinking
water (particularly due to pigs) as well as food which is
unboiled and contaminated by foul or waste water (470,
487, 492, 502) as well as eating raw deer meat (e.g. in
Japan). Only rarely is close intrafamilial contact deemed
to be the route of infection. (455) In contrast, an epi-
demic of HEV infection has already occurred in schools.
(459) At one school in India, 67 children and a great
number of teachers contracted the disease. (458) The risk
of the environment becoming infected by an HEV
patient is only 1.5�2.5%, whereas in acute hepatitis A,
an infection ensues in 10�20% of cases. HEV is excreted
in the stools in considerably lower concentrations than
HAV. (488) As a result of this, and because HEV is less
stable than HAV, the danger of contagion by HEV is
lower. Transmission of HEV from an infected mother
to the newborn child is possible, resulting in signifi-
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cantly higher morbidity and mortality. (477) It is not
known why pregnant women succumb to the disease
more often, with a mortality rate of 15�25%. Possibly,
a parenteral route of infection is involved. The i.v. trans-
mission of HEV to primates led to higher transaminase
values and evidence of virus particles in the blood as
well as to the detection of HEV by PCR. Therefore,
transmission by blood transfusion is assumed. In
haemophiliacs, the i.v. risk of infection is low (504) or
non-existent. Reinfection with the hepatitis E virus must
be expected, since there does not appear to be lifelong
immunity.

7.5 Serological diagnostics

The diagnosis of acute viral hepatitis E is possible
through the detection of anti-HEV IgM; identification
of anti-HEV IgG points to a past HEV infection. No
results are as yet available on the duration of anti-HEV
IgG positivity and any possible immunity associated
with it. It is interesting to note that HAV IgM can be
detected in acute HEV infection. This may lead to a
false diagnosis of acute viral hepatitis A. (s. p. 420) The
specificity of positive anti-HEV IgG or IgM test results
should always be validated by means of the correspond-
ing Western blot test. In a self-infection experiment with
HEV, the HEV RNA was detectable in the serum from
the 22nd day after infection onwards; once the maximum
GPT level had been reached (on the 46th day), the serum
was no longer HEV-positive. Anti-HEV IgG could only
be identified on the 41st day following infection (a short
time after the occurrence of jaundice), and this persisted
for more than 14 years. From the onset of the icteric
phase, HEV could be demonstrated in the stools; this
virus was also the cause of viral hepatitis E in related
animal experiments. (462) In 10�20% of cases of HEV
infection confirmed by PCR, neither anti-HEV IgM nor
subsequently anti-HEV IgG could be detected. A nega-
tive anti-HEV IgM finding does not exclude acute HEV
infection. (456, 464, 470, 472, 503)

7.6 Clinical aspects and courses of disease

The incubation period is 10�56 (mean period about 40)
days. The symptomatic clinical picture which is given
cannot be distinguished from that of acute viral hepa-
titis A � especially in cases where the HAV IgM is posi-
tive. (s. p. 420) The clinical findings and symptoms are
regressive within a period of 2 or 3 weeks. The course
is acute and self-limiting, especially in children moder-
ate or asymptomatic. In individual cases, severe courses
of disease can occur with transaminase values above
2,000 U/l and a pronounced increase in bilirubin. (456,
460, 485) • Occasionally, a cholestatic course of disease
occurs with clearly elevated values of the cholestasis-
indicating enzymes, bile acids and serum bilirubin.
Although the disease lasts longer (as in acute viral hepa-
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titis A), the prognosis is still the same. • Fulminant hepa-
titis occurs in 2�3% of cases. This severe clinical picture
is to be feared quite often in children with HAV and
HEV coinfection (470) as well as in pregnant women in
the third trimester; mortality is high (10�25%). (470, 478,
484, 503) HEV superinfection produces severe decompen-
sation in patients with chronic liver disease. • Chronic
courses of HEV infection or HEV carrier state have not
been observed as yet. Nothing is known about a correla-
tion between HEV infection and hepatocellular carci-
noma. The extrahepatic manifestations occasionally
occurring in HAV infection can be anticipated in HEV
infection as well. Mortality due to acute viral hepatitis
E is 0.18�0.58% for a normal course of disease.

7.7 Prophylaxis and therapy

No immunoprophylactic measures are available. The
hygienic and therapeutic measures correspond to those
given for acute viral hepatitis A.

8 Acute viral hepatitis NA-NE

� In the initial course of evaluating 17 epidemics from
a total of 25 waterborne epidemics in India transmitted
by faecal-oral route, it originally seemed that 16 epidem-
ics had been caused by HEV. The seroepidemiological
results showed, however, that the epidemic on the Anda-
man Islands, and possibly also several of the remaining
16 epidemics, might have been caused by a third non-A-
non-E virus transmitted by faecal-oral route. This pre-
sumed NA-NE virus has not been conclusively identified
so far. It has simply been assigned to the flaviviruses.
(506) • Acute NA-NE hepatitis is found worldwide
(20�60% of sporadic acute NANB hepatitis). Non-par-
enteral transmission is most common. There is no gen-
der- or age-related preference. Usually, the disease is
self-limiting; its course is often severe. Fulminant liver
failure and the development of chronic hepatitis were
observed. (507, 508, 510)

9 HF virus

In 1994 N. Deka et al. detected virus-like particles of
27�37 nm in size in specimens of stools from French
patients with virus hepatitis NANB. The authors provi-
sionally named the infectious agent hepatitis French
virus or HFV. (509) The patients tested seronegative for
other hepatitis viruses, and no HAV or HEV was detect-
able in the stool specimens. Following i.v. application of
such particles in rhesus monkeys, the hepatitis virus was
produced and could be identified in the liver cells and
stools of these primates. The genetic material was char-
acterized as a double-stranded DNA of 20 kilobases in
length. It was possible to reproduce the pathogens in

449

cell culture. The existence of this pathogen and its epide-
miological significance in relation to humans have not
been confirmed up to now.

10 HG virus

In 1995 J.P. Kim et al. confirmed that they had identified
another putative hepatitis agent in the serum of a
patient with aetiologically unresolved chronic hepatitis
by means of PCR. Because the letter F had already been
used for the above mentioned unsubstantiated virus, the
authors moved on to the next letter in the hepatitis
alphabet and named this novel agent hepatitis G virus
or HGV. The genomic structure of this enveloped RNA
virus of the flaviviridae group (50�60 nm, plus strain)
with its 9,125 and 9,392 nucleotides has already been
clarified. (523) • In the meantime, anti-HGV (against the
envelope protein E 2) has been developed as a serolog-
ical marker. Up to now, 3 genotypes and 5 subtypes
have been demonstrated, each with its own geographic
distribution. (527) The virus seems to be spread world-
wide and to have a prevalence of about 2%. HGV defin-
itely has a long-term persistence rate (up to 16 years).
(510, 512, 517, 525) Studies using frozen blood specimens
demonstrated that HGV has existed in Germany for at
least 20 years. (515) Patients with chronic viral hepatitis
B or C are coinfected with HGV in 10�20% of cases.
HGV can be detected directly not only in the serum, but
also in liver parenchyma and mononuclear cells. (530) In
nearly all cases, infection occurs parenterally, e. g. blood
transfusion (515, 524, 532), haemodialysis (517, 519, 531)
and i.v. drug addicts (528, 529); more rarely it is due to
plasma products (520) and sexual contact (516, 528). Ver-
tical infection from mother to child is also possible. The
clinical course is mostly asymptomatic. In patients
showing an unclarified elevation of transaminases, hep-
atitis due to HGV should be considered. A rise in γGT
and AP was associated with lesions of the small bile
ducts as a result of HGV infection. (514) Overall, labora-
tory parameters and histology resembled HCV. (512, 521,
522) The course of hepatitis with HAV, HBV or HCV is
not influenced by an HGV infection. (510, 511, 513, 526,
530) Examination of patients with cryptogenic chronic
hepatitis did not point to HGV infection as being a
causal factor. (518) Treatment of persistent HGV with
interferon had only a limited effect. (521, 531) Liver
transplants were not affected by this virus. (511)

11 GB viruses

� As early as 1967, F. Deinhardt et al. discovered an
infectious agent in the serum of a 34-year-old surgeon
in Chicago suffering from acute hepatitis. It was termed
GB virus from the initials of the first and last names of
the patient. The serum was obtained on the third day
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of jaundice. This GBV was successfully transmitted to
marmosets. Further serial passaging in marmosets and
during filtration experiments strongly suggested a viral
aetiology. (535) Subsequent studies showed that the GB
agent was distinct from HAV, HBV, HCV and HEV.
(546)

Almost 30 years later (1995), this GBV agent was dif-
ferentiated into 2 flavivirus-like genomes: GBV A (9,493
nucleotides) and GBV B (9,143 nucleotides). (548) Both
virus types are simian viruses. Up to then, these 2 types
had not been found in humans. However, GBV A anti-
bodies have meanwhile been detected in 0.3% and GBV
B antibodies in 1.2% of blood donors. Nevertheless,
these two types of viruses are considered to be of no
pathogenic significance for humans. It would, however,
appear from animal experiments that GBV A potenti-
ates GBV B infection. According to their genomic
organization, the GB species A and B belong to the
family of flaviviridae.

Recently, another genome, GBV C (ca. 9,200 nucleo-
tides), was identified by means of PCR. (539, 549) It is
defined as a single-stranded (�) RNA virus and forms
a separate species within the flaviviridae family. It seems
that the original serum of GB contained no (or no
more) GBV A, GBV B or GBV C RNA; thus the above
mentioned surgeon’s hepatitis remains unclarified with
regard to the causative virus type. In the meantime
HCV could be differentiated into five subtypes: 1a, 1b,
2a, 2b and 3a.

It became evident that GBV-C and HGV are 2 isolates
of the same virus, which is why the term GBV C/HGV
is generally used. This virus can cause (mostly) asymp-
tomatic as well as (rarely) acute hepatitis. Its RNA is
detectable in the serum and saliva, but not in the urine,
of infected patients. (547) There is a close relationship
for the transmission of this virus from mother to child.
(533) The incubation time is 4 to 6 months. However, the
virus possesses no capability to replicate in liver cells; it
can be considered as an endosymbiont. In most cases,
the virus appears to be eliminated, but it can remain in
a latent state in the long-term course. (538, 541, 545, 551)
It was possible to demonstrate the presence of GBV C/
HGV RNA in 10�20% of patients with chronic hepati-
tis C. (543) RNA was found in 1.2�16% of blood donors
(534), in 3.0�20% of long-term haemodialysis patients
(542), in 17.3% among dental personnel (544) and in 30%
of polytransfused patients. In Hungary, antibodies to
GBV C/HGV were found in 28% of the population over
the age of 60. (550) This virus is held responsible for
(mild) chronic active hepatitis. Infection has also been
reported due to sexual contact. (525) However, infection
with GBV C/HGV does not always lead to liver disease.
Aplastic anaemia was observed in the course of GBV
C/HGV infection. (537) Even after liver transplantation
in GBV C-positive patients, viraemia was still detectable
in 75% of cases. In contrast, GBV C viraemia was found
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in 29% of HBV-positive patients and in 12% of HCV-
positive patients following OLT. The occurrence of hep-
atitis in a liver transplant was not influenced by GBV
C/HGV. There is no clear association with fulminant
hepatitis.

12 TT virus

In 1997 another virus was detected in a Japanese patient
with increased transaminases of unknown aetiology.
The infectious agent was termed TT virus or TTV,
based on the initials of the patient who had been
infected as a result of a blood transfusion. (561) This
genome is approx. 3,800 nucleotides in length. It is an
antisense, circular, single-stranded DNA virus with no
outer envelope. There are three conserved open reading
frames. The size of the TTV is estimated to be 30�50
nm. It probably belongs to the circoviridae family. (559)

TTV has not been shown by electron microscopy. Up to
now, the virus could only be demonstrated in the serum
due to the presence of TTV DNA. A total of 16 geno-
types have now been differentiated. (564) Recently, a
TTV isolate from non-human primates could be ident-
ified; the authors named it s-TTV. Overall, 10.5% of
Japanese patients with liver disease were found to be
infected with s-TTV, whereby two different genotypes
were classified. (557) There have also been reports of
TTV-like mini virus DNA, which are detectable in a
large number of patients. (558) TTV can replicate in vari-
ous tissues, although changes in the liver are only
mild. (565)

There is a high prevalence of TTV all over the world
(41�93%), with striking differences in the various
countries. Japan has a prevalence of 39�68%. (553) In
Hungary, 18.5% of healthy persons and 50.4% of
patients with hepatitis of unknown aetiology tested
positive. (567) In Brazil, donated blood was shown to
contain TTV in 62% of cases. (560) In Germany, a TTV
viraemia could be found in 14% of healthy donors and
in 16�20% of the various risk groups. (563)

TTV can be transmitted by blood products and through
common parenteral routes (560, 563, 564) as well as by
haemodialysis. (554, 556) TTV could also be detected in
umbilical cord blood, so that a neonatal (in utero) trans-
mission is to be considered. (558) The likelihood of
enteric transmission has been shown by the finding of
TTV DNA in breast milk, saliva, duodenal fluid, bile
juice and faeces. There is a higher viral load in saliva
than in the corresponding serum. (555, 566) TTV displays
ubiquitous diffusion in human tissue and is able to
invade the central nervous system. (562) A high virus
load has been demonstrated in patients with HCV-
associated HHC. (568) Although TTV has been found in
patients with a broad range of liver diseases, current
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evidence does not indicate a specific link with TTV
infection in such cases.

13 SEN virus

In the year 2000, Italian scientists discovered a new
virus isolated from an HIV-infected drug user. It was
provisionally named SEN virus or SENV after the ini-
tials of the source patient, who showed elevated trans-
aminases of unknown aetiology (D. Primi et al.).

This agent is also an antisense, circular, single-stranded
DNA without an envelope. The genome is linear and
contains ca. 3,900 nucleotides; it has at least three open
reading frames. Up to now, 8 genotypes have been
reported (SENV-A to -H). There are remarkable paral-
lels between SENV and various TTV subtypes, and it
may be that both viruses share a common ancestor. (575)

Genotypes D and H are thought to be linked with non-
A-non-E hepatitis. Therefore investigations have focused
on these two strains. SENV-D and -H strains were
detected in patients with fulminant hepatitis (32%),
chronic hepatitis (27%), autoimmune hepatitis (33%),
cirrhosis (31%) and primary biliary cirrhosis (46%). (574)
The prevalence in the population is currently estimated
to be 10�20%; in risk groups with parenteral exposure,
the figures are remarkably high � up to 80% in
transfused non-A to non-E hepatitis. (577) Coinfection
with HBV or HCV is found in approx. 20% of patients.
Perinatal transmission from mother to child has also
been reported. (570) • SENV infection does not affect
the course of a persistent HCV coinfection. (571) It was
also shown that SENV has no influence on acute or
chronic hepatitis A, B or C and is not the cause of cryp-
togenic hepatitis. (578) Genotypes D and H were more
often present in patients with a high risk of parenterally
acquired viral infection. (569) SENV-H viraemia has
been found mostly in patients with HIV. (573)

Infection with SENV-D and -H adversely affected the
outcome of antiviral therapy for HCV (572), whereas in
another study SENV did not influence the clinical or
histological features of HCV at all. (577) SENV infection
is not associated with increased evidence of liver disease
or the risk of HCC. (576, 579) Likewise, this virus does
not play any role in graft dysfunction after liver trans-
plantation, although SENV was found in 35% of unse-
lected liver transplant recipients. It is possible that
SENV is a causative agent of posttransfusion-associated
hepatitis, especially since specific DNA could be
detected in liver tissue.

14 Other viruses

In 1994, using a total of 1,974 sera from patients with
NANB hepatitis, the working group of G. Berencsi
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(Budapest) was able to identify 133 cases of a positive
cross-reaction with the yellow fever antigen (YF IgG);
in 19 instances, YF-IgM positivity was also demon-
strated. The majority of the sera were HCV-negative.
These patients had had no contact with yellow fever
vaccines and they had never left Hungary. • Studies car-
ried out so far suggest the existence of an independent,
but not yet identified flavivirus in the Hungarian pop-
ulation which produces a positive cross-reaction with
the YF antigen and is associated with posttransfusion
hepatitis. (576)

The evolutionary distance of flaviviridae polyproteins
was used to generate an unrooted phylogenetic tree. The
GB viruses are considered to form a group of their own
with a close relationship to HCV. (s. fig. 22.20)

Fig. 22.20: Possible phylogenetic scheme of the HCV (Hepaciviri-
dae) and GB viruses (especially GBV C/HGV) as well as other
members of the Flaviviridae (I): DV � Dengue virus, WNV �
West Nile virus, JEV � Japanese encephalitis virus, YFV � yellow
fever virus, or Pestiviruses (II): BVDV � bovine viral diarrhoea
virus, HCHV � hog cholera virus (mod. J. N. Simons et al., 2000)
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23 Acute concomitant viral hepatitis

A multitude of viruses can affect the liver as a large,
filtrating and reacting organ, and subsequently cause
concomitant viral hepatitis in the course of an exist-
ing systemic viral infection. Laboratory and histolog-
ical findings in this case are determined by the type
of pathogen, including its particular hepatotropic
character, and by the immune status or reactivity of
the affected organism. Concomitant viral hepatitis
does not generally cause symptoms, which is why it
is often recognized purely by chance due to slight to
moderate elevations in transaminases; minor in-
creases in bilirubin or cholestasis-indicating enzymes
are rarely detectable. Nevertheless, rather severe
courses with vast hepatocellular necrosis can occur
in patients with a weakened immune response. • In
infancy, concomitant viral hepatitis is frequently
accompanied by a predominant cholestasis syn-
drome. On the one hand, an infant liver can be dam-
aged by virus infections of a severe and even fatal
course, yet on the other hand, it displays an astonish-
ing capacity for regeneration and is indeed capable of
restoring destroyed liver structures.

1 Secondary hepatotropic viruses

The most important virus species with regard to their
ability to cause concomitant inflammatory reactions of
the liver are (1.) herpesviruses, (2.) rubella viruses, (3.)
Coxsackie viruses, and (4.) paramyxoviruses. (s. tab. 23.1)

1. Herpesviruses
� Epstein-Barr virus D E
� Herpes simplex virus 1, 2 D E
� Human herpesvirus 6, 7, 8 D E
� Varicella-zoster virus (D)
� Cytomegalovirus D E

2. Togaviruses
� Rubella virus D E
� Spring-summer encephalitis virus D E

3. Picornaviruses
� Coxsackie virus D E
� ECHO virus D E

4. Paramyxoviruses
� Measles virus E
� Parotitis virus (D)
� Giant-cell hepatitis virus D E

5. Adenoviruses (S D E)
6. Human parvovirus B19
7. HIV laboratory test �

Tab. 23.1: Secondary hepatotropic viruses which can cause viral
hepatitis. • In Germany, obligation for notification is given in cases
of suspicion (S), disease (D) or exitus (E). This can, however, vary
from country to country. If in doubt, contact the Public Health
Department!
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1.1 Herpesviruses

Out of a group of approximately 40 herpesviruses (con-
taining DNA, 100 nm in length), the following are clas-
sified as secondary hepatotropic: (1.) Epstein-Barr virus
(types A, B), (2.) herpes simplex virus, (3.) herpesvirus-6,
(4.) varicella-zoster virus, and (5.) cytomegalovirus.

1.1.1 Infectious mononucleosis

“Pfeiffer’s glandular fever” (E. Pfeiffer, 1889) or “infectious
mononucleosis” (T. P. Sprungt et al., 1920) is caused by the
human herpesvirus 4 (� EB virus 4), which was discovered by
M. A. Epstein, B. G. Achong and Y. M. Barr in 1964.

Infectious mononucleosis is a generalized reticuloendo-
thelial infection, mainly found in adolescents and young
adults. The total endemic infection rate in the more
advanced age groups is 80�100%. • This condition is
transmitted by close physical contact (“kissing dis-
ease”), sexual contact and blood transfusion. The incu-
bation period of the orally transmitted virus is 8�21
days (up to 7 weeks). This is followed by a prodromal
stage with headaches, tiredness and atypical fever. The
clinical picture is defined by (chiefly cervical) swollen
lymph nodes (95�100%), tonsillitis (> 80%), splenomeg-
aly (> 50%), exanthema, mucosal petechiae in the oral
cavity (30�50%) and leucocytosis with very large num-
bers of lymphomonocytoid cells. These “atypical lym-
phocytes” (W. Schultz, 1922) are activated T cells. Gall-
bladder wall thickening is found by sonography. (17)

In about 50% of cases, hepatitis mononucleosa with
hepatomegaly (10�25%) develops, displaying an in-
crease in transaminases of 10�20 times the normal
value. (13, 15) Jaundice is witnessed in 5�10% of cases,
usually due to autoimmune-based haemolysis. (2, 4, 5)
There is a distinct elevation of LDH and alkaline phos-
phatase. (7) Hence, the following enzyme constellation
can be evaluated as the biochemical triad of hepatitis
mononucleosa:

LDH ��� (90�95%)
AP �� (75�90%)
GPT, GOT � (60�90%)

The Paul-Bunnel test (J.R. Paul, W.W. Bunnel, 1932) is posi-
tive from the 4th to 10th day in about 75% of cases. Sero-
logical proof of acute infection can be successfully
obtained by way of anti-EB virus IgM. The virus DNA
is revealed by PCR. • Hepatic lesions are already found
as from the 5th day and are most distinct between the
10th and 30th day of the disease. Portal/periportal and
sinusoidal infiltrations of partially beaded lympho-
monocytoid cells frequently appear in the form of small
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foci. Proliferations of Kupffer cells and bile capillaries
as well as isolated focal hepatocellular necroses and
granulomas are present. (2, 8, 16) (s. fig. 23.1)

Fig. 23.1: Agglomeration of activated Kupffer cells (partially
beaded), especially in the sinusoidal vessels, with single-cell
necrosis. Clinical diagnosis: hepatitis mononucleosa (HE)

� We observed a severe haemolytic course in a 23-year-
old man, which took 4 months to subside: total bilirubin
up to 34.8 mg/dl, haemoglobin decline to 7.7 g%, LDH
up to 1,720 U/l, reticulocytosis 54‰, GPT 110 U/l, GOT
60 U/l, AP 308 U/l, γ-GT 148 U/l, increased erythropoie-
sis in bone marrow ��, direct Coombs’ test ��, cold
agglutinin ��, and incomplete cold haemolysin ��. (s.
fig. 23.1)

Some of the more serious extrahepatic complications are
splenic rupture, thrombocytopenia, myocarditis or peri-
carditis, meningitis, pneumonia, nephritis and haemo-
lytic anaemia; ascites was also reported in the course of
severe hepatitis. (3) It should be noted that EBV can
sometimes trigger autoimmune hepatitis. (14) • The
prognosis is good. Complete recovery is generally
achieved within 6�12 weeks. However, fatigue can per-
sist for 8 to 9 months, which for athletes, for example,
means an inability to train, resulting in a drop in per-
formance. In this context, it has been suggested that the
fatigue syndrome may indeed be caused by a variant of
EBV. • In rare cases, a fulminant course, possibly even
with a fatal outcome, is witnessed. In so-called sporadic
fatal infection, the mortality rate is relatively high
(40�45%). (1, 6, 10�12) A chronic course of EBV infec-
tion has been observed in some families, implying a
genetic predisposition. Transition into chronic hepatitis
or cirrhosis need not be feared because it is extremely
rare. (13) In 50�70% of cases, an EBV infection de-
veloped following liver transplantation, and in 2% of
these patients, EBV hepatitis occurred, sometimes with
a lethal outcome. (9) • Therapy is symptomatic. Treat-
ment with aciclovir is reported to be without success. In
complicated courses, erythromycin (cave ampicillin!)
and glucocorticoids may be indicated.
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1.1.2 Herpes simplex hepatitis

The herpesvirus hominis is a generally widespread virus
which can affect all tissues. Herpes simplex virus types
1 (mostly systemic) and 2 (genital herpes) are transmit-
ted by droplet or smear infection. • In newborns, in
patients with a weakened immune response or in im-
munosuppression (particularly following liver trans-
plantation or in AIDS) as well as in chronic diseases
(for example colitis) and during pregnancy, the course
of disease may be severe, even lethal. • The viraemia
can also cause herpes hepatitis. Clinical findings include
fever, fatigue, abdominal discomfort (ca. 60%), hepato-
megaly (ca. 35%), leucopenia and thrombopenia,
marked increases in transaminases and occasionally dis-
tinct decreases in cholinesterase and albumin. Jaundice
tends to be rare (with a value of < 5 mg/dl). Diagnosis
can be established serologically by detecting herpesvirus
antibodies of the IgM class or by demonstrating the
presence of pathogens. Mucocutaneous changes are
infrequent. The liver surface usually displays variable,
yellow-coloured focal necrosis with red borders. • Histo-
logically, microvesicular fatty degeneration is detectable;
focal hepatic necroses are surrounded by hepatocytes
with intranuclear inclusion bodies of Cowdry type A
(surrounded by a bright area) (s. fig. 23.2) or type B
(homogenous, ground glass-like).

Fig. 23.2: Acute herpes virus hepatitis with intranuclear bodies
(Cowdry type A) (�)

The extent ranges from individual cell necroses to
patchy confluent lobular necroses with irregular zoning.
HSV are directly cytopathic; thus cellular necroses
appear at first, followed by inflammatory infiltrates.
Herpesviruses are visible by electron microscopy; they
can be cultured from the liver and rendered visible
through staining by means of immunoperoxidase. • The
prognosis is dubious in high-risk patients; mortality is
10�15%. Following severe fibrosis resulting from long-
standing protracted HSV hepatitis, chronic cholestasis
may develop (even with a lethal course). There have
been several reports of a fulminant course of disease.
(24, 27, 30�34, 36) • Therapy is effected, even during preg-
nancy, using aciclovir as the agent of choice with
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5(�10) mg/kg BW/8 hours as i.v. infusion or, in severe
and immunosuppressed cases, with 10 mg/kg BW. Gan-
ciclovir has also proved to be effective with 2 mg/kg
BW/12 hours as i.v. infusion. (19�22, 24�26, 28, 29)

1.1.3 Herpesvirus hepatitis

A particular hepatotropicity causing severe herpes hepa-
titis is ascribed to herpesvirus 6 (HHV-6). There have
even been reports of a fulminant course with this virus
infection. (18, 23, 35) • HHV-8 causes Kaposi’s sarcoma.
The liver is the most common site, with dark reddish-
violet tumour nodes. Histological analysis reveals endo-
thelial cell proliferations and growths of spindle-shaped
fibroblast-like cells. The bile ducts may be altered.
Transaminase levels are elevated, and jaundice occurs.
There may be a causal relationship between HHV-8
infection and multicentric Castleman’s disease. The latter
usually implies the presence of peliosis hepatis, perisi-
nusoidal fibrosis and nodular regenerative hyperplasia.

1.1.4 Varicella-zoster hepatitis

“Chickenpox” in infancy and “shingles” in adults are
caused by the same varicella-zoster virus. Very rarely
and almost exclusively in immunosuppressed patients,
concomitant hepatitis can occur with pronounced
(mainly focal) hepatocellular necrosis, sometimes even
with a fatal course. (37) Leucocytic portal and periportal
infiltration can spread to the blood vessels and bile cap-
illaries. Intranuclear inclusion bodies are present (s. fig.
23.2). Diagnosis is based on increased GPT, GOT,
GDH and γ-GT values as well as the presence of vari-
cella IgM antibodies; alternatively, pathogens can also
be demonstrated in cultures. In children, a differential
diagnosis of Reye’s syndrome must be considered. As
therapy in a severe course, aciclovir is indicated. (38�43)

Fig. 23.3: Herpes zoster. Pronounced concomitant hepatitis: GPT
186 U/l, GOT 132 U/l, GDH 8.3 U/l, γGT 56 U/l, cholinesterase �;
alkaline phosphatase and bilirubin normal

Herpes zoster generally shows less severe concomitant
viral hepatitis. In one particular case of zoster disease
(s. fig. 23.3), we observed an unusually pronounced
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form of hepatitis. After recovery, the patient revealed
normal laboratory values.

1.1.5 Cytomegalovirus

A cytomegalic infection is transmitted perinatally or
postnatally (mainly unnoticed) by the cytomegalovirus
(CMV) � a DNA herpesvirus � as well as by direct body
contact (droplet-smear infection, breast milk, sexual
intercourse) and blood transfusion. Some 60�80% of all
adults in the USA and in Europe have overcome a cyto-
megalic infection and are now immune. (48)

In terms of liver involvement, a pre-/perinatal infection
usually causes hepatosplenomegaly, moderate jaundice
(ca. 60%), differing degrees of cholestasis (concomitant
cholangitis) and mild cytomegaly hepatitis. In numerous
cases, the characteristic intranuclear inclusion bodies (so-
called owl’s eyes) can be found. The occurrence of giant-
cell hepatitis (s. fig. 22.5) is considered to be an unusual
event. Occasionally, granulomatous hepatitis with epi-
thelioid cellular or histiocytic granulomas occurs. His-
tologically, the hepatic changes can persist for months or
years. Therefore, non-cirrhotic portal hypertension may
develop. (47) Mortality is about 20%.

Postnatal infection, providing it does not take a symp-
tom-free course, displays the clinical picture of infec-
tious mononucleosis with similar haematological find-
ings and complicative developments (such as haemolytic
anaemia, thrombopenic purpura, pneumonia) as well as
retinitis, arthritis, acute portal vein thrombosis and col-
itis. In about 25�35% of cases, cytomegaly hepatitis
develops with moderate jaundice, hepatomegaly, a slight
increase in transaminases and varying degrees of chole-
stasis. Cytomegaloviruses can persist in lymphocytes
and other body cells and may be reactivated under con-
ditions of diminished immunity or immunosuppression.

In infancy, cytomegalic infection is mainly symptom-
free. Up to 40% of cases, however, did show evidence of
cytomegaly hepatitis with hepatomegaly. Virus excretion
in the urine points to viraemia. • In adulthood, there is
likewise evidence of concomitant hepatitis (52) as well as
granulomatous hepatitis (44, 45, 51) in addition to the gen-
erally pronounced cytomegalic infection, which is wit-
nessed to varying degrees during this phase of life. Mod-
erately increased GPT, GOT, GDH and LDH activity
is generally in evidence; this is sometimes accompanied
by a distinctly pronounced elevation of γ-GT (without
an equivalent rise in AP) and decreased levels of serum
iron. Occasionally, marked cholestasis occurs. In most
cases, there is a reduction in serum iron. Bilirubin values
are moderately elevated or completely normal. (50) •
Diagnosis of cytomegalic infection is based on the anti-
body titer increase of CMV IgM (sometimes with reacti-
vation), detection in the virus by PCR, virus excretion in
urine or in situ hybridization. Histologically, the typical
intranuclear inclusion bodies suggest a cytomegalic
infection. (54�56) CMV infection is to be feared in the
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liver transplant; thus there is a danger of “vanishing
bile-duct syndrome”. (46, 49) • Therapy consists of gan-
ciclovir (53) or foscarnet. CMV immunoglobulin is
recommended for pre-exposure prophylaxis.

1.2 Togaviruses

1.2.1 Rubella hepatitis

Connatal infection due to the 60 nm RNA virus, which
belongs to the togavirus group, is accompanied by a
clearly enlarged liver and spleen as well as, on occasions,
by jaundice. Histologically, cholestasis with bile pigmen-
tation in the hepatic cells and with bile thrombi in the
canaliculi is found. The portal fields are widened and
irregular as a result of inflammatory infiltration, and
the ductuli generally display pronounced proliferation.
Occasionally, giant-cell hepatitis occurs. (s. fig. 22.5) • In
adolescents and adults, granulomatous hepatitis is some-
times observed. In other cases, only slight histological
changes are detectable, or the findings can be interpre-
ted as insignificant non-specific reactive hepatitis. In the
later stages, fine calcification foci can develop (as in
Ebola hepatitis). (57, 59�64) (s. fig. 21.1)

1.2.2 Spring-summer encephalitis hepatitis

In spring and summer, ticks (especially Ixodes ricinus)
can transmit meningo-encephalitic viruses of the toga-
virus family to human beings. During this disease, con-
comitant hepatitis may develop, with a moderate increase
in transaminases. Histologically, pronounced focal
hepatic cell lesions are found together with mesenchymal
inflammatory reactions; all of these findings are attribut-
able to non-specific reactive hepatitis. (58)

1.3 Picornaviruses

1.3.1 Coxsackie hepatitis

This virus species derived its name from the town of
Coxsackie in the state of New York, where virological
evidence thereof was successfully obtained for the first
time. Coxsackie viruses are assigned to the picornavirus
group, consisting at present of 23 A and 6 B types. •
Coxsackie hepatitis with mesenchymal reactions, portal
infiltration and focal hepatocellular necrosis sometimes
occurs, especially in infants. Cholestatic, predominantly
centrolobular forms of the disease, can develop in
adults. A lethal course is extremely rare. (66�68) • The
course of infection with the Coxsackie type B 4 or B 5
virus may give rise to the Fitz-Hugh-Curtis syndrome
with the development of the typical violin string-like
adhesive strands. (65) (s. fig. 24.2)

1.3.2 ECHO virus hepatitis

The widespread group of echoviruses, with its 31 known
serotypes, has not yet been reliably categorized system-
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atically or pathogenically. These viruses can also give
rise to concomitant hepatitis, with type 4 and type 9
being held mainly responsible for this condition. (69)

1.4 Paramyxoviruses

1.4.1 Measles hepatitis

The measles virus, discovered in 1911, is a large
(100�150 nm) paramyxovirus with a lipid envelope.
Concomitant measles hepatitis occurs in 80% of all
adults suffering from measles. It generally takes an anic-
teric, clinically bland course, and in most cases even
goes unnoticed. Diagnosis is based on the elevation of
transaminases and the detection of IgM antibodies.
Cytologically, multinuclear giant cells are found in the
nasal secretion. The prognosis for measles hepatitis is
good. Despite lifelong immunity, however, the measles
virus is able to persist latently in cells, especially in lym-
phocytes (as in autoimmune hepatitis). (70, 72, 75)

1.4.2 Parotitis hepatitis

The parotitis virus, an RNA virus of the paramyxovirus
group, can also cause mumps hepatitis with correspond-
ing minimal histological and laboratory findings.

1.4.3 Giant-cell hepatitis

In 1991 in Canada, J. Phillips et al. determined the pres-
ence of paramyxoviruses in patients with an infaust
course of giant-cell hepatitis: out of 10 patients, only 5
survived with the help of liver transplantation. Para-
myxovirus nucleocapsid protein, with a diameter of
12�17 nm, was detected in the cytoplasm of the hepato-
cytes. (74) Until then, this paramyxovirus had been
unknown. It can cause severe acute hepatitis, which
might even be fatal. (71, 73, 76) (s. p. 417!)

1.5 Adenovirus hepatitis

Adenoviruses can be the cause of hepatitis in newborns
or immunosuppressed persons, sometimes even with a
fulminant course. They bring about the formation of
inclusion bodies in the hepatocellular nuclei. Adeno-
virus infections can be diagnosed either serologically or
by virus isolation. (77�79)

1.6 Human parvovirus B19

HPV B19 causes erythema infectiosum in children. It
may also lead to acute hepatitis. Aplastic anaemia is
found in adults with simultaneous, potentially massive
liver cell necroses and fulminant liver failure. HPV B19
can be detected in the liver tissue using PCR. (80)

1.7 HIV hepatitis

By means of virological examination methods, it was
possible to demonstrate HIV-1 RNA in hepatocytes,
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Kupffer cells and endothelial cells. The liver may be
involved in systemic HIV disease both during primary
infection and in the more advanced stages. The eleva-
tion of the transaminases, of GDH and γ-GT is highly
significant. Hepatomegaly can occasionally be detected
as well and is attributed to infection-related hyperplasia
of the liver cells. HIV-concomitant hepatitis shows differ-
ing degrees of focal hepatocellular necrosis, inflam-
matory mesenchymal reactions, portal field infiltration,
granulomas or peliosis hepatis. During the course of
HIV infection, HIV cholangiopathy, frequently of the
sclerogenic type, may also develop. Cryptosporidiosis of
the bile ducts with cholangitis has so far only been
observed in AIDS. (s. p. 639) • The most common
opportunistic infective agents are Mycobacterium avium
intracellulare (40�45%), cytomegalovirus (20�30%),
cryptosporidium and various mycoses (histoplasmosis,
cryptococcosis, coccidiomycosis). (81�87)

2 Exotic hepatotropic viruses

A large number of virus species that can be found in
tropical and subtropical countries are known to be
hepatotropic pathogens. They can give rise to minimal
findings of so-called non-specific reactive hepatitis or
fatty degeneration of the liver cells with cell necrosis, or
may be the cause of severe liver disease. All of them
have been categorized under the generic term exotic
virus diseases. (88, 100, 102) They are pathogens from the
family of (1.) flaviviruses, (2.) filoviruses, (3.) arena-
viruses, and (4.) bunyaviruses. (s. tab. 23.2)

1. Flaviviruses
� yellow fever D E
� dengue fever D E
� Kyasanur Forest disease D E
� Semliki Forest disease (alphavirus) D E

2. Filoviruses
� Marburg virus S D E
� Ebola virus S D E

3. Arenavirus
� Lassa fever S D E
� Bolivian haemorrhagic fever

4. Bunyaviruses
� Hantavirus D E
� Rift Valley fever (Phlebovirus) D E
� Crimea-Congo fever (Nairovirus)

Tab. 23.2: Significant exotic hepatotropic viruses which can cause
hepatic damage. • In Germany, the obligation for notification is
given in cases of suspicion (S), disease (D) or exitus (E). This can,
however, vary from country to country. If in doubt, contact the
Public Health Department!

2.1 Yellow fever

The main epidemic regions are South America and
equatorial Africa, i. e. the so-called yellow fever belt
between the 15th northern latitude and the 15th southern
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latitude. The yellow fever virus is transmitted from
human being to human being by infected mosquitoes,
especially Aedes aegypti or Aedes simpsoni. There is a
marked steatosis hepatis. Often a bacillary peliosis hep-
atis is found; it can be associated with the cutaneous
bacillary angiomatosis. Rochalimaea henselae have been
determined as a pathogen. In children with a coinfec-
tion of HIV and adenoviruses, fulminant hepatitis has
been reported. An incubation period of 3�6 (�13) days
is followed by fever with viraemia, jaundice, hepato-
splenomegaly, arthralgia, myalgia, exanthema, bleeding
and haematemesis (“vomito negro”) as well as circula-
tory disorders and renal damage (largely in the form
of fatty tubular degeneration). However, inapparent or
bland courses of disease are equally possible.

Hepatic lesions in the case of yellow fever are more likely
to correspond to those of hepatosis. (s. p. 404) There is
also evidence of distinct acidophilic hepatocellular necro-
sis as well as microvesicular fatty degeneration of the
hepatocytes. Hyaline, eosinophilic inclusions in the cyto-
plasm of degenerated hepatic cells (so-called Councilman
bodies) are characteristic and were first identified by W.T.
Councilman in 1890 in yellow fever (s. p. 396). Acidophilic
inclusion bodies in the hepatocellular nuclei which are
arranged concentrically around the nucleolus (so-called
Torres corpuscles) correspond to the yellow fever virus
(C.M. Torres, 1928). The liver does not present any signifi-
cant signs of inflammation. The reticular fibre structure
is maintained, so that the liver architecture is usually
completely restored-provided the outcome of the disease
is favourable. (s. fig. 23.4)

Fig. 23.4: Portal inflammation and acute parenchymal necrosis (N)
due to shock (first periportal cell trabecula is still intact). Clinical
diagnosis: yellow fever

The diagnosis is established by determining the specific
YF IgM antibodies and/or the virus RNA. Laboratory
parameters reveal an elevation of the transaminases,
GDH, γ-GT and LDH as well as a reduction in leuco-
cytes, Quick’s value and cholinesterase. Albuminuria is
also present. Mortality (5�10%) is generally due to
renal insufficiency. After recovery, immunity is lifelong.
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Chronic courses of disease are not known. When travel-
ling to yellow fever regions, immunization (with live vac-
cine) is imperative; vaccine protection lasts for 6�10
years. (s. p. 451) (93, 98, 112)

2.2 Dengue fever

The dengue virus is also related to the flavivirus species.
It is transmitted by mosquitoes (of the Aedes type). The
prognosis is relatively good � despite the fact that
several hundred deaths have been recorded during epi-
demics (such as in Java and India in 1996). Altogether,
some 55 million people contract the disease every year.
The worldwide mortality rate is approx. 10%. In Ger-
many, more than 1,500 cases of infection are registered
annually. Following a 5 to 8 day incubation period, the
clinical picture comprises fever (“breakbone fever”),
headache, nausea, haemorrhage (haematuria, melaena),
myalgia and arthralgia, exanthema, lymphadenopathy,
and even splenic rupture. • Concomitant hepatitis of dif-
ferent degrees of severity, often with centroacinar necro-
sis and microvesicular steatosis, can occur. Fulminant
hepatitis is rare. Convalescence is protracted. Diffuse
residual parenchymal calcifications may remain. No
vaccine has been found so far. (82, 86, 87)

2.3 Marburg virus disease

In 1967 in Marburg (Germany), a total of 23 patients
contracted a previously unknown infection caused by
the “Marburg virus”, which belongs to the filoviruses.
Altogether, five outbreaks have been reported, with over
120 cases. It is a single-strand RNA virus, 790�970 nm
in length and 80 nm in width. Infection resulted from
direct, work-related contact with African apes (green
guenons) as well as human transmission (partially due
to sexual contact). After a 5 to 7 day incubation period,
the clinical picture became serious, with fever, vomiting,
diarrhoea, exanthema, conjunctivitis, myalgia, haemor-
rhagic diathesis with thrombopenia, renal and hepatic
damage as well as disorientation. • Laboratory param-
eters and histological examinations pointed to severe
hepatitis with hepatosplenomegaly. Jaundice is ex-
tremely rare. Hyaline eosinophilic liver cell necrosis,
microvesicular fatty degeneration and lymphomono-
cytic infiltration of the portal fields predominate. The
patchy necroses tend to merge and form bridging necro-
ses. Basophilic bodies can be found in the necrotic cells.
The reticular fibre structure remains intact. • The prog-
nosis is unfavourable: in the Marburg epidemic, mortal-
ity was 28%; in epidemics in the Sudan and in Zaire, it
was 53% and 88%, respectively. (89, 99, 104�106, 110, 111)

2.4 Lassa haemorrhagic fever

Lassa fever was first identified in 1969 in a missionary
in Lassa (Nigeria). (91) The disease is also endemic in
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eastern Sierra Leone. Over 100,000 people worldwide
contract the disease every year. A single-strand RNA
virus of the arena group was isolated and character-
ized as the pathogen. (91) The disease is transmitted
by rats. The incubation period is 3�16 days. • It
manifests as haemorrhagic fever with ulcerous inflam-
mation in the throat and mouth cavity, arthralgia,
exanthema, alopecia, hearing impairment, lymph-
adenopathy as well as haemorrhages. In endemic
areas, diagnosis is generally based (approx. 80% of
cases) upon the triad (1.) fever and pharyngitis, (2.)
proteinuria, and (3.) retrosternal pain. • The liver dis-
plays distinct acidophilic necrosis, frequently bridging
necroses, and bleeding. Pronounced Kupffer-cell hyper-
plasia is evident. Deposits of lipofuscin are found.
The transaminases and GDH are markedly increased;
the blood count shows leucopenia and thrombopenia.
The course is anicteric as a rule. Hepatosplenomegaly
is present. The diagnosis is confirmed by the presence
of IgM antibodies. Mortality is 35�40%. Ribavirin
has proved successful as therapy. There is still no
vaccine available. (91, 94, 97, 108, 113)

2.5 Ebola haemorrhagic fever

The Ebola virus disease was first observed in 1976 in
Sudan (in the vicinity of the Ebola River). Altogether,
14 outbreaks have been reported. Apart from in Sudan,
Ebola infections are frequent in the Congo and in
Gabun. The incubation period is 7�10 days. Both the
course of disease and the virus itself closely resemble
the Marburg virus, although it is a virus in its own right
and related to the filovirus species. Clinical findings
include generalized pain, pharyngitis, conjunctivitis,
bronchitis, exanthema and enanthema. Death usually
occurs on the ninth day. The mortality rate of this
haemorrhagic fever with pronounced hepatic damage
(focal necrosis) was between 51% and 89%. (90, 95, 100,
102) (s. fig. 23.5)

Fig. 23.5: Portal (left) and parenchymal (right) round-cell inflam-
mation. Clinical diagnosis: Ebola fever
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2.6 Rift Valley fever

This severe, febrile clinical picture was first observed in
1930 in Africa, predominantly in Rift Valley (Kenya).
The causative pathogen is a bunyavirus, transmitted to
both animals and humans by mosquitoes. While it is
generally fatal in animals, especially in sheep, the prog-
nosis in humans is favourable; its course resembles that
of influenza. Liver findings show concomitant hepatitis.
(107, 109)
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24 Bacterial infections and the liver

A number of bacterial infections may affect the liver to
varying degrees of intensity. The frequently observed
liver involvement is attributed to a number of causes:
(1.) size of this visceral parenchymatous organ, (2.)
multiplicity and activity of the hepatic RES as a filtering
system, (3.) double (portal and arterial) blood supply
with transport of bacteria or their toxins, and (4.) lym-
phogenous spread of pathogenic organisms.

1 Pathogenesis

The pathogenesis of liver involvement in bacterial infec-
tions often remains unresolved. In this respect, four
pathomechanisms, either alone or in combination, are
assumed to play a role. (s. tab. 24.1)

1. Direct effects of pathogens
� direct haematogenic spread
� direct lymphogenous spread

2. Indirect effects of pathogens
� toxins
� endotoxins

3. Reactions due to the basic disease
� hypoxaemia
� fever, exsiccosis, acidosis
� electrolyte imbalance, etc.

4. Therapy-induced liver damage

Tab. 24.1: Pathomechanisms of liver involvement in bacterial dis-
eases

1. Residual previous liver damage
2. Coexistent previous liver damage

|�
� |

1. Parenchymal changes
� cytoplasmic lesions
� cell necroses
� nuclear changes

2. Mesenchymal reactions
� portal inflammation
� endothelial cell reaction
� bile duct proliferation
� fibrosis

|�
� |

1. Non-specific reactive hepatitis
2. Retothelial nodules
3. Bacterial peliosis hepatis
4. Granulomas
5. Giant-cell hepatitis
6. Abscess formation

Tab. 24.2: Morphological reaction types in liver involvement
following bacterial infections
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2 Types of lesion

Liver involvement may occur in both extrahepatically
localized and generalized bacterial infections. Various
morphological reactions appear depending on (1.) sever-
ity of infection, (2.) type of pathogen, (3.) respective
morphological reaction of the liver, and (4.) possible
previous liver damage � similar reactions also appear
in viral hepatitis. Combined with the potential coexist-
ence of scarred/fibrotic and chronic inflammatory liver
changes, these additional acute infections may lead to
morphological pictures that are difficult to interpret.
The diversity of the morphological reaction types may
also be influenced by individual factors. (s. tab. 24.2)

3 Bacterial pathogens

The principal pathogenic agents causing liver damage
are pyogenic cocci, gonococci, enteric bacteria, myco-

1. Pyogenic cocci
� Pneumococci
� Staphylococci
� Streptococci

2. Neisseria gonorrhoea D
3. Enterobacteriaceae

� Escherichia coli (S D E)
� Shigella species S D E
� Salmonella species S D E
� Yersinia enterocolitica (S D E)
� Vibrio cholerae S D E

4. Mycobacteria
� M. tuberculosis D E
� M. scrofulaceum D E
� M. leprae S D E

5. Spirochaetes
� Leptospira species D E
� Treponema pallidum P D
� Borrelia species S D E

6. Listeriae P D E
7. Brucella species D E
8. Rickettsia species (S) D E (R. prow.)
9. Francisella tularensis S D E

10. Chlamydia psittaci S D E
11. Clostridium species (S) D E (C. bot.)
12. Tropheryma whippeli
13. Campylobacter jejuni (S D E)
14. Rochalimaea species
15. Actinomyces israelii

Tab. 24.3: Major bacterial organisms causing liver damage. • In
Germany, obligation for notification is given in cases of suspicion
(S), disease (D), exitus (E), or perinatal infection (P). This can,
however, vary from country to country. If in doubt: contact the
Public Health Department!
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bacteria, spirochaetes, listeriae, brucellae, rickettsiae,
chlamydiae and clostridiae. (s. tab. 24.3)

3.1 Pyogenic cocci

Streptococcus pneumoniae: Infection with Streptococcus
pneumoniae may cause both toxic liver damage and
pneumococcal hepatitis with focal necroses, leading to
the corresponding laboratory findings. In lobar pneu-
monia, jaundice (� biliary pneumonia) frequently
occurs in the so-called grey hepatization stage. In add-
ition to predominantly bacterial haemolytic jaundice,
increased transaminases (20%) and cholestasis (10%)
are found. The condition always regresses completely. A
liver abscess induced by pneumococci is a rare event.
(3�5, 9)

Staphylococci, streptococci: In sepsis, toxic liver damage
and portal granulocytic infiltration may be observed.
Septic bacterial invasion of the liver mainly entails peri-
portal, circumscribed and non-suppurative septic foci (s.
fig. 24.1), and occasionally multiple microabscesses as
well. (10) Cholestasis usually suggests a severe course of
disease; likewise, prolonged jaundice points to a poor
prognosis as far as the underlying disease is concerned.
(1, 2, 4, 6�8)

Fig. 24.1: Markedly altered, swollen hepatocytes. Focal intralobu-
lar accumulation of Kupffer cells, histiocytes and leucocytes. Clin-
ical diagnosis: streptococcal sepsis

3.2 Neisseria gonorrhoea

Gonococcal infection may lead to toxic liver damage or
concomitant hepatitis, especially in the presence of gono-
coccal sepsis. Diagnosis of gonorrhoea is established by
direct demonstration of pathogens (vaginal smear, liver
tissue, liver capsule) or serologically by means of CFR
(positive from 3rd week).

Perihepatitis acuta gonorrhoica: Of special relevance is a
fibrinous inflammation of the subphrenic space without
abscess formation, occurring as a sequel of gonorrhoeal
adnexitis in women. It is also called the Fitz-Hugh-Cur-
tis syndrome (A. H. Curtis, 1932; T. Fitz-Hugh, 1934),
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although it was first described by C. Stajano in Montevi-
deo in 1920. Only two cases of this syndrome have so
far been reported in men. Symptoms include severe epi-
gastric pain (nearly always dextral), local peritonitis (de-
pendent on respiration and movement), shoulder pain
due to irritation of the phrenic nerve, and occasional
friction rub. There are no other major subjective com-
plaints or clinical findings. • In the meantime, it has
been demonstrated that, in addition to Neisseria gonor-
rhoeae, Chlamydiae and even Coxsackie virus B5 may
also be responsible for this condition. (s. pp 467, 481) •
A typical feature of the syndrome are the fine violin
string-like adhesions between the liver surface and the
abdominal wall, which are easily identified by means
of laparoscopy. The syndrome can also be diagnosed
retrospectively by laparoscopy through the detection of
such lesions. (11�15)

� In the one case that we observed, the patient was suffer-
ing from severe recurrent epigastric pain and had patho-
logical, inflammation-related laboratory parameters.
Following unsuccessful diagnostic efforts during an 8-
month course, we were finally able to obtain a diagnosis
by laparoscopy at once and confirm gonorrhoea as being
the cause of the disease. (s. fig. 24.2)

Fig. 24.2: Fitz-Hugh-Curtis syndrome: perihepatitis with violin
string-like adhesions in gonorrhoeal infection

3.3 Enterobacteriaceae

Escherichia coli: In the case of sepsis, the occasionally
massive endotoxinaemia may lead to major liver cell
damage, accompanied by jaundice. Histologically, focal
liver cell necrosis, giant-cell transformation, inflamm-
atory infiltrations and signs of cholestasis are detectable.
Escherichia coli is the most frequent causative agent of
liver abscesses, followed by Friedländer’s bacillus and
Yersinia enterocolitica. In the case of bacteraemia, a
toxic shock syndrome can develop with a so-called chol-
angiolitis lenta (M. Vyberg et al., 1984).
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Ehrlichiosis: Ehrlichia chaffeensis is an infection which
is transmitted by the bite of a tick. It results in fever,
myalgias and panzytopenia. Transaminases are in-
creased in 80�90% of cases. Histologically, it is possible
to detect scattered lobular lymphohystiocytic foci, vari-
ous diffuse infiltrations and Kupffer-cell hyperplasia
with intense phagocytosis. Occasional injuries to the bile
duct epithelium may also cause elevated AP activity.
Laboratory findings and histology (which often vary in
severity) suggest that host inflammatory or immune
responses contribute to the liver injury. (29)

Salmonellosis: Infection with Salmonella paratyphi A, B
or C may occasionally cause suppurative cholangitis
with cholangiohepatitis. In contrast, Salmonella enteri-
tidis mainly gives rise to toxic hepatitis. • In typhus
abdominalis, hepatomegaly (20�30%) as well as an
increase in transaminase and alkaline phosphatase
activities are invariably observed from the 2nd to 3rd

week of disease. Hyperbilirubinaemia is frequent,
whereas manifest jaundice is rarely witnessed. Histology
may demonstrate signs of non-specific reactive hepatitis.
In some cases, submiliary nodules or granulomas (so-
called typhomas) are verifiable. Here, mainly intrasinus-
oidal proliferations of large plasma-rich cells with very
small nuclei (so-called beef-like cells or typhoid cells)
are found. These epithelioid cell clusters originating
from reticular cells often contain multinuclear giant
cells in their periphery. The toxic submiliary typhoid
nodules (s. fig. 24.3), however, exhibit centroacinar
necroses, proliferations of sinus endothelial cells and
granulocytes with signs of regeneration. Apart from
that, liver abscesses have also been identified. (16, 17, 19,
20, 22, 24�27, 30)

Fig. 24.3: Granuloma-like, lymphohistiocytic infiltrate. Clinical
diagnosis: typhus abdominalis (HE)

Shigella: Infections with shigella are rarely accompanied
by hepatitis. Direct involvement of the liver in the course
of shigellosis is, however, to be feared, as first demon-
strated by positive shigella identification from liver
biopsy as early as 1910 (J. H. N. Knox Jr. et al.). Shigella-
induced cholestatic hepatitis with jaundice and marked
histological changes has likewise been reported. (21)
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Yersinia enterocolitica: Infection with Y. enterocolitica
or Y. pseudotuberculosis, together with haematogenous
spread, may lead to a septic-typhoid course with hepatic
and splenic abscess formation. Especially ulcerative col-
itis was frequently found to favour the formation of
multiple liver abscesses. A genetic disposition is assumed
in the presence of the HLA-B 27 gene. Patients with
hepatic overload of iron are at special risk of Yersinia
infection, since iron plays a major role in the metab-
olism of Yersinia. (18, 23, 28, 31, 32)

3.4 Mycobacteria

3.4.1 Mycobacterium tuberculosis

Tuberculous hepatic infections are transmitted pre-/perinatally
via the umbilical vein or the amniotic fluid; maternal placenta
tuberculosa is a precondition for both infections. • The hepatic
artery and the portal vein as well as the hepatopetal lymph
vessels serve as postnatal infection routes.

1. The tuberculous primary complex in the liver with case-
ation of the associated hepatic hilar lymph nodes may
become the source of spread causing early systemic gen-
eralization. Given the clinical picture of a coarse-nodular
or a miliary tuberculosis, this may result in the death of
the newborn child.

2. Miliary tuberculosis generally results in an attack on
the liver by a number of clustered miliary tubercles.
They are distinctly recognizable on the liver surface by
means of laparoscopy. (35, 39, 50, 54) GPT, GOT and
GDH as well as alkaline phosphatase are moderately
increased. Clinical manifestations include severe mal-
aise, hepato(spleno)megaly and fever � the cause of the
latter often remaining unresolved for a long time. The
haematogenous spread, occurring as intermittent epi-
sodes, also provokes a number of small tuberculous liver
foci. As a rule, they show central caseation and fibrinoid
necrosis. In the periphery, a corona of epithelioid cells
of variable diameter is found, in which Langhans’ giant
cells are embedded. (s. fig. 24.4)

Fig. 24.4: Tuberculous epithelioid cell granuloma with Langhans’
giant cells and small central necrosis (N); additional steatosis of
hepatocytes (HE)



Bacterial infections and the liver

These granulomatous tubercles are surrounded by a
loose rim of lymphocytes. Massive miliary spread to the
liver may also cause acute liver failure (35, 44) as well as
septic shock with multiorgan failure. (54)

3. Tuberculomas may develop through enlargement and
subsequent confluence of the miliary foci or tubercles
as well as through nodular development of tuberculous
foci in the tertiary stage. They appear as nodules with a
diameter of 1�4 cm. Embedded calcifications are typ-
ical features of tuberculomas. They may penetrate bile
ducts and cause tuberculous cholangitis with bile-duct
stricture. (41, 42, 50) These major tuberculous nodes
become encapsulated in the course of time; the caseous
necrosis may still contain tubercle bacilli in its interior.
These tuberculous nodes may likewise be the source of
haematogenic spread. They may also decompose as a
result of caseous necrosis and thus lead to hepatic cavi-
ties such as tuberculous abscesses (45, 46, 50, 57) or gravi-
tation abscesses. Diagnosis of a liver abscess therefore
includes differentiation from tuberculosis. Differential
diagnosis from pseudotumoural liver tuberculosis is very

Fig. 24.5: Small nodular hepatic tuberculosis: foci, the size of a
millet seed up to that of a lentil, in the right lobe of liver

Fig. 24.6: Old intrahepatic tuberculoma. Encapsulated eosino-
philic necrosis with marked caseation (HE)
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difficult, even when using imaging techniques. (33, 34,
36�44, 47, 49�53, 55, 56, 58�63, 65) (s. figs. 24.5, 24.6)

In the course of healing, miliary tuberculosis or small
diffuse disseminated foci give rise to scarred transform-
ation with the morphological picture of tuberculous
pseudocirrhosis as a result of vascularization, fibroblasts
and histiocytic connective tissue. As a rule, however, no
major hepatic dysfunction results from the cicatrization
of the healing process, which no longer (or barely)
exhibits the specific character of granulation tissue.

4. Non-specific toxic liver damage may be evident; in
this connection, possible tuberculostatic toxic effects
must also be considered. With severe courses of
tuberculosis, peliosis hepatis is often observed. Fre-
quently, retothelial nodules are detectable, as demon-
strated for the first time in tuberculosis patients by H.
Hamperl in 1953. (50) In the course of chronic pulmon-
ary tuberculosis, fatty infiltration of liver cells was noted,
as reported in several publications. (50) It was attributed
to toxic effects and/or undernourishment or malnutri-
tion. Secondary hepatic amyloidosis, developing in the
course of chronic lung tuberculosis, has also been pos-
tulated. (50) A restriction of hepatic function in chronic
tuberculosis, which was first observed by E. Leuret et al.
in 1922, has been described in a number of publications.
(51, 60, 63) Depending on the severity and duration of
the disease as well as the tuberculostatic pretreatment,
we found pathological laboratory parameters in
15�20% and 25�40% of cases respectively. (50)

If laboratory tests and imaging techniques have proved
unsuccessful, it is only possible to obtain a reliable diag-
nosis and differentiation of the multiple manifestations
of liver tuberculosis by means of laparoscopy and
targeted biopsy. (s. tab. 7.11) (s. figs. 7.11; 24.5, 24.6)
Hepatic miliary tuberculosis is recognizable with the
help of percutaneous biopsy in more than 90% of cases
due to the dense arrangement of the foci. The aim
should always be to demonstrate the presence of tuber-
cle bacilli in the liver tissue either directly or by culture
(higher sensitivity can be obtained using PCR). (37) •
Treatment consists of a fourfold combination: isoniazid
(5 mg/kg BW/day), rifampicin (10 mg/kg BW/day),
pyrazinamide (25 mg/kg BW/day), ethambutol (20 mg/
kg BW/day), generally for 2�4 months, subsequently
isoniazid � rifampicin for 6�12 months.

3.4.2 Mycobacterium scrofulaceum

Mycobacterium scrofulaceum may cause granulomatous
hepatitis. Clinical findings include a clear increase in
alkaline phosphatase as well as fever and general mal-
aise. Diagnosis is confirmed by positive culture of the
pathogen in liver biopsy specimens. (61) • Other atypical
mycobacteria may also cause liver damage, possibly in
the form of granulomatous hepatitis, especially in AIDS
(20�50% of cases). (58) (s. fig. 24.7)
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Fig. 24.7: Acid-fast bazilli of mycobacterium tuberculosis in the
liver of an AIDS patient (Fite staining)

3.4.3 Mycobacterium leprae

In lepromatous leprosy with a high germ count, the liver
is affected in 50�90% of cases. Glisson’s capsule is
thickened and whitish. The number of lepra granulomas
in the liver, which appear in the form of yellowish nod-
ules, may be high enough to justify the term granuloma-
tous hepatitis. Initially, these granulomas consist of his-
tiocytic and lymphocytic infiltrates, which contain lepra
bacteria in approximately 75% of cases. The lepra bac-
teria can be identified above all in Kupffer cells. Eventu-
ally, the characteristic bacteria-phagocytizing leprotic
cells are formed (so-called foam cells or Virchow cells).
These large-cell lepra granulomas are localized pre-
dominantly in the portal tract and show a tendency to
central caseation. (s. fig. 24.8) • The treatment regimen
consists of diphenylsulphone, clofazimine and rifam-
picin in combination for 6 to 24 months or longer
(depending on the course of the disease). Thalidomide
has also proved effective. • BCG vaccination is an effec-
tive prophylactic measure against infection induced by
Mycobacterium leprae. (66�68)

Fig. 24.8: Lepra: granuloma-like, lymphohistiocytic infiltration in
the liver parenchyma (HE)
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3.5 Spirochaetes
3.5.1 Leptospirosis

In 1886 A. Weil reported 4 patients with an acute, highly fever-
ish, infectious disease, accompanied by icterus and a high mor-
tality rate. This disease was termed icterus infectiosus Weil. In
1915 R. Inada et al. in Japan and P. Uhlenhut et al. in Germany
discovered virtually at the same time that the Leptospira ictero-
genes (or L. icterohaemorrhagica) were pathogenic agents (S.
interrogans). So far, about 180 serotypes have been identified,
all of which are generally pathogenic for humans and may pro-
voke Weil’s disease.

Reservoir hosts include especially rats, mice, hedgehogs,
hamsters and various domesticated animals. Lep-
tospirosis is therefore a globally distributed zoonosis.
Transmission to humans occurs via the oral or percuta-
neous route with small skin or mucosal lesions serving
as portals of entry for the pathogens, which are excreted
in the urine of infected animals.

The incubation period for leptospirosis (Weil’s disease)
is 7 to 14 days. Subsequently, the septicaemic phase sets
in with fever, chills, myalgia, arthralgia, headaches,
haemorrhagic conjunctivitis, abdominal pain, vomiting
and renal involvement (erythrocyturia, proteinuria).
Histologically, interstitial nephritis with tubular necrosis
is demonstrable. • In just a few days, icterus, hepatomeg-
aly, an increase in transaminase activity and haemor-
rhagic diathesis occur, especially in severe cases. Histo-
logy reveals focal centrilobular lesions (acidophilic
degeneration, turbid swelling) and lymphocytic infiltra-
tion of the portal tract, stellate cell proliferation and bile
thrombi in the canaliculi as well as active hepatocyte
mitosis. The histological picture corresponds to that of
cholestatic hepatitis (cholestasis is usually not verifiable
by laboratory tests). • Identification of pathogens is suc-
cessfully performed in blood and CSF (1st week) and in
the urine (2nd week); increasing antibody titres (up to
four times the norm) are detectable in the serum as from
the 2nd week. Proof of specific IgM is also possible. •
As the disease advances, a typical iridocyclitis as well as
meningitis or encephalomyelitis with brain oedema can
appear. Convalescence may take a long time in some
cases; this phase is characterized by adynamia and loss
of hair. Mortality can range from 4�50%, depending
on the course � anicteric or icteric � and is mostly due
to renal insufficiency. The recommended therapy con-
sists of penicillin (10�20 million U/day) or doxycycline
(2 � 100 mg/day). (69�73)

� We observed a lethal case (treatment with doxycycline
was unsuccesful) showing massive amounts of leptospirae
in the serum and in the centrifuged urine under dark-field
examination. Maximum values were: GPT 4,200 U/l,
GOT 2,290 U/l, GDH 1,080 U/l, serum bilirubin 11 mg/dl
and Quick’s value 17%, but with normal AP (!); such
pathological levels have repeatedly been reported in the
literature. Autopsy revealed severe interstitial nephritis,
tubular necrosis (laboratory findings corresponding to
severe renal insufficiency), brain oedema (680 g), severe
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hepatic dystrophy with marked centrozonal necroses and
diffuse small-droplet fatty degeneration of the liver cells
as well as haemorrhagic organ lesions. (s. fig. 24.9)

Fig. 24.9: Enlargement of hepatocytes with large nucleoles (arrow),
distinct icterus with (green) bile thrombi in the biliary capillaries
and hepatocytes. Multivacuolar steatosis of isolated liver cells.
Groups of histiocytes (far left of picture) with phagocytized
nuclear material and lipofuscin. Clinical diagnosis: Weil’s disease

3.5.2 Syphilis

The coexistence of jaundice and syphilis was described by Para-

celsus as early as 1585. • In all stages of syphilis, congenital or
acquired, liver involvement is possible. The pathogen (anaero-
bic, gram-negative) is very sensitive to environmental factors
and perishes rapidly. The period of cellular fission is 36 hours.
Treponema pallidum is occasionally verifiable in histological
preparations as corkscrew-shaped structures, 6�10 µm in
length and 0.2 µm in diameter. (s. fig. 24.11)

Lues connata (congenital syphilis) is a form of syphilis
transmitted to the foetus after the 4th month of preg-
nancy. If neither foetal death nor abortion occurs
(approx. 30%), hepatosplenomegaly, “capillaritis” and
interstitial syphilitic hepatitis develop. Splitting of the
liver cell plates into small epithelial groups takes place.
Subsequent swift interstitial fibrosis leads to the picture
of microgranular intralobular cirrhosis. Focal cell necro-

Fig. 24.10: Lues connata: Severe inflammatory infiltration (espe-
cially left of picture); sinusoidal fibrosis; irregular liver cell plates (far
right of picture). So-called “interstitial syphilitic hepatitis” (HE)
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sis in the liver of the neonate causes the formation of
miliary syphilomas, which contain giant cells, epithelioid
cells, lymphocytes and marcrophages. (s. fig. 24.10) •
Obliterative endarteritis, fine-spot bleeding and large
siderin deposits lead to the picture of the so-called brim-
stone liver. (s. p. 406)

� A 38-year-old patient had been suffering from subfebrile
temperatures, general malaise, moderately increased GPT,
GOT, GDH and γ-GT, markedly augmented alkaline phos-
phatase (430 U/l), reduced ChE and albumins as well as
moderately elevated γ-globulins for a period of several
weeks. All the other laboratory values and examinations
with imaging techniques were within the normal range.
Syphilis was originally not considered in the differential
diagnosis. However, percutaneous biopsy provided evidence
of corkscrew-shaped pathogens within lesions, now inter-
preted as syphilitic hepatitis. Subsequent serological tests
for specific antibodies were positive. (s. fig. 24.11)

Fig. 24.11: Syphilis, secondary stage: hepatitis syphilitica. In the
liver parenchyma, massive amounts of corkscrew-shaped syphilis
pathogens, 6�10 µm in length, are visible (� treponema pallidum)
(silver impregnation)

Lues acquisita progresses as (1.) early syphilis through-
out the primary and secondary stages, lues latens sero-
positiva (� early latent form) and as (2.) late syphilis in
the tertiary stage, lues latens seronegativa (� late latent
form), and stage IV. (79, 84, 86) • From the primary com-
plex, haematogenous dissemination of the pathogen
throughout the body takes place, with development of
the early stage of syphilis (primary and secondary
stages). Syphilitic hepatitis is found in 10% of cases, with
focal liver cell necrosis, infiltrates of lymphocytes, eosin-
ophils and granulocytes, focal activation of the stellate
cells and portal infiltrations. (76, 77, 80�82, 85) Epitheli-
oid cell granulomas are mostly localized in the central
lobule. The portal bile ducts are narrowed by infiltra-
tions, resulting in pronounced cholestasis. The portal
vessels show signs of vasculitis. Hepatomegaly of hard
consistency is present. About 50% of patients exhibit
elevated transaminases. Usually, the antimitochondrial
antibody M1 is positive. (74) Healing is accompanied by
fibrosis. Cirrhosis may also develop. • In the tertiary
stage, occurring in 30�40% of cases after years of lat-
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ency, gumma syphiliticum may be observed inter alia in
the liver, where it is either solitary or multiple and
mostly localized in the right lobe. Gummas are large,
closely circumscribed, nodular structures with a diam-
eter of a few millimetres up to several centimetres. They
consist of central caseation, which is surrounded by vas-
cularized granulation tissue resembling a capsule and by
plasma and giant cells. (75, 78, 83) (s. fig. 24.12) The
hepatic architecture is generally not affected. Usually,
endarteritis develops. Treponemas are only rarely found
in the gumma. • In the case of multiple occurrence with
associated deep grooves and scar formation, the striking
picture of hepar lobatum appears.

Fig. 24.12: Hepatic gumma from syphilitic hepar lobatum. Intra-
hepatic necrotic zones surrounded by a thin layer of granulation
tissue

3.5.3 Borreliosis

In 1976 Lyme borreliosis was observed for the first time in Lyme
(USA). It is caused by Borrelia burgdorferi and transmitted by
insects and ticks. The multisystemic clinical picture initially
includes erythema chronicum migrans with non-specific manifes-
tations. During the following weeks and months, cardiac involve-
ment, polymeningoradiculoneuritis and arthritis may be seen.

In isolated cases, pronounced Lyme hepatitis develops.
The pathogen is often identifiable in liver cells and sinus-
oids. Treatment consists of doxycycline or erythromycin.

The epidemic (European) relapsing fever is induced by the spiro-
chaete Borrelia recurrentis (obermeyeri), which is transmitted by
lice. Following an incubation period of 3 to 15 days, there are
sudden repeated (up to ten) attacks of fever separated by fever-free
intervals together with parallel hepatomegaly and splenomegaly,
cutaneous and mucosal bleeding (e. g. colon, nose), myalgia,
arthralgia, iridocyclitis, facial paresis and meningism.

Jaundice is often observed. Histologically, signs of non-
specific reactive hepatitis with spotty liver cell necrosis
are generally detectable. (87�90)

3.6 Listeriosis
Listeria monocytogenes is most common in animals. Transmission
to humans is effected through the secretions of infected animals
or contaminated food (e. g. milk and dairy products, raw meat).
An increased proneness to listeriosis is found in drug-related
immunosuppression, pregnancy, liver cirrhosis, diabetes mellitus
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and AIDS. In connatal (diaplacental) transmission (� granuloma-
tosis infantiseptica), listeriosis generally leads to an abortion or
premature delivery with meningoencephalitis and multiple organ
abscesses, so that the neonate dies within a few days. • The disease
course varies from uncharacteristic “flu-like” manifestations to (1.)
septic, (2.) central nervous, (3.) glandular or cutaneous, and (4.)
chronic septic forms with isolated organic affection. • Treatment:
ampicillin and amoxicillin at high dosage are the remedies of
choice.

Liver involvement is reflected in moderately elevated
transaminases, histologically detected monohistiocytic
granulomas and miliary microabscesses (frequently with
gram-positive rods) as well as occasional evidence of
non-specific reactive hepatitis. (91, 93) (s. fig. 24.13)

Fig. 24.13: Dense, granulocytic infiltration in the environment of
fresh hepatocellular necrosis (right lower half of the picture). Clin-
ical diagnosis: listeriosis (HE)

3.7 Brucellosis
Brucellae are gram-negative, aerobic, non-motile, rod-shaped bac-
teria, with a natural reservoir in some mammals: B. abortus in
cattle (Bang’s disease), B. melitensis (in goats and sheep, the
“Malta fever” is a special form), B. suis (especially in pigs, the
natural host of the Brucellae), B. ovis (in sheep) and B. canis (in
dogs). The pathogens enter the host via skin lesions or mucosa
(conjunctiva, respiratory tract, gastrointestinal tract).

Brucellosis is the generic term for diseases induced by
the various Brucella species in animals and humans.
Following an incubation period of approximately 14
days, headaches, pronounced fatigue, myalgia, arthral-
gia, swollen lymph nodes and especially undulant fever
occur. Frequently, organ manifestations (cholecystitis,
endocarditis, meningoencephalitis, nephritis, prostatitis,
pneumonia, etc.) are in evidence. • Hepatosplenomegaly
and moderate increases in transaminases and in alka-
line phosphatase are found. Histologically, histiocytic
granulomas are present (in 90�95% of cases), often with
central necrosis, portal and peripheral infiltration and
hyperplasia of the Kupffer cells. (100, 105) Up to now,
about 30 cases of hepatic brucelloma have been reported
in the literature. (101, 103) They result from the caseation
of a granulomatous reaction by persistent brucellae in
macrophages. The imaging methods show central calci-
fication and peripheral necrotic areas, which imitate



Bacterial infections and the liver

malignant tumours or pyogenic liver abscesses. In many
patients, fatty infiltration of liver cells, lipofuscinosis
and siderosis are found. Extensive focal necrosis may
occur in infections with B. melitensis and B. suis. Severe
courses, possibly with acute liver failure, are rarely ob-
served. Occasionally, ascites appears. Hepatic abscesses
are seldom. Fewer than 50 cases have been described in
the literature. (101, 104) • The diagnosis is confirmed by
serological tests, culture of pathogens or animal experi-
ments. As treatment, the combination of rifampicin (900
mg/day) � doxycycline (200 mg/day) for 3 months or
doxycycline � gentamycin, possibly also tetracycline �
streptomycin, has proved effective. In chronic brucello-
sis, treatment with tetracycline must be repeated.

3.8 Rickettsiosis
Rickettsiae are gram-negative pathogens living as cellular parasites
in the gastrointestinal tract of arthropods (especially lice, fleas,
ticks and mites). They may be transmitted to human beings and
cause endemic and epidemic rickettsioses, generally showing a
typhoid-like clinical picture. Major rickettsioses include classic
spotted fever (R. prowazeki), Rocky Mountain spotted fever (R.
rickettsii), Q fever (R. burneti), Boutonneuse fever (R. conori) and
murine endemic spotted fever (R. typhi). Following infection, the
pathogens may spread haematogenously to all organs and colonize
the endothelial cells of the small arteries and capillaries, so that
partial or complete vascular obstruction ensues.

Fig. 24.14: Two intraparenchymal granulomas, one of which has
the appearance of a lipogranuloma (�). Clinical diagnosis: Q fever

Each of the 10 Rickettsia species pathogenic to humans
may cause concomitant hepatitis. Clinical findings
include hepatomegaly with an increase in transaminases
as well as (occasionally) in alkaline phosphatase and
bilirubin. Histology reveals granulomas of round cells,
granulocytes, proliferated stellate cells and polynuclear
giant cells as well as spotty infiltrations with single-cell
necrosis and portal infiltrates. (s. fig. 24.14) Chronic Q-
fever hepatitis has been reported. Fatty granulomas typ-
ical of Q fever are frequently found in the liver lobules
or in the portal tracts. Treatment consists of doxycy-
cline, chloramphenicol or tetracycline. (106�113)
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3.9 Tularaemia
This clinical picture was observed for the first time in Tulare, Cali-
fornia in 1911 (G. W. McCoy). The causative pathogen was iden-
tified as Bacterium tularense by G. W. McCoy et al. (1912) and W. B.
Wheery et al. (1914). The gram-negative, aerobic and non-motile
Francisella tularense is transmitted to humans by arthropods
infected by sick rodents, directly by the rodents themselves or
through contaminated water.

After a short incubation period (1 to 3 days), a clinical
picture develops comprising high fever, chills, lymphad-
enitis and local ulceration, occasionally also meningitis,
pneumonia or pulmonary abscesses and mediastinitis. •
In the course of this severe disease, liver granulomas up
to 2 mm in diameter may occur with central necrosis,
epithelioid cells and giant cells. The portal fields show
inflammatory infiltration. Liver abscesses and the clin-
ical picture of cholangitis or obstructive jaundice have
also been observed; ascites is rarely seen. There is evi-
dence of hepatomegaly together with the corresponding
pathological laboratory parameters. Diagnosis is con-
firmed by serology or skin tests. Treatment consists of
antibiotics (e. g. tetracycline, streptomycin, gentamycin,
ampicillin). (114, 115)

3.10 Psittacosis

Chlamydia psittaci is the causative pathogen of ornitho-
sis (psittacosis or parrot disease). It is transmitted to
humans by birds via their droppings. The incubation
period is 4 to 28 days. In the course of the occasionally
severe pneumonia, concomitant hepatitis may be in evi-
dence. (116, 118, 119) The Fitz-Hugh-Curtis syndrome
rarely develops. (117, 120) (s. fig. 24.2) Clinical findings
generally include hepatomegaly and slightly increased
transaminases. Diagnosis of this infectious disease is
confirmed by CFR. The treatment regimen consists of
tetracycline.

3.11 Clostridium welchii

In the course of the rare systemic gas gangrene caused
by Clostridium perfringens (gram-positive, anaerobic
bacterium), severe clostridial hepatitis may ensue.
Necrotic foci, abscesses and aerogenesis develop. The
pathogens can be cultivated from biopsy material. A
major harmful factor is the respective exotoxin, which
sometimes causes pronounced haemolytic icterus. (121)

3.12 Tropheryma whippeli

Whipple’s disease (G.H. Whipple, 1907) with feverish,
sprue-like symptoms is generally accompanied by poly-
adenopathy, arthritis, polyserositis and endocarditis or
pericarditis. • Liver involvement occurs in the form of
granulomas, in which macrophages loaded with bacteria
are present. The gram-positive bacterium Tropheryma
whippeli has been identified as the causative pathogen.
It is assigned to the group of Actinomyces. (122, 123)



Chapter 24

3.13 Campylobacter colitis

The intestinal disease with fever and arthralgia caused
by Campylobacter colitis may show findings corres-
ponding to non-specific reactive hepatitis in terms of
laboratory parameters and histology. (124, 125)

3.14 Rochalimaea

The Rochalimaea species (R. quintana, R. henselae, R.
vinsonii, R. bacilliformis) are responsible for four clin-
ical syndromes: (1.) cat-scratch disease, (2.) bacterial
angiomatosis, (3.) bacterial peliosis hepatis, and (4.)
relapsing fever with bacteriaemia (so-called trench
fever). • The cat-scratch disease (R. Debré et al., 1950) was
first attributed to a new pathogen, named Afipia felis;
more recent studies point to a species of Rochalimaea
(Bartonella henselae) as the causative pathogen. The
incubation period ranges from 3 to 20 days. Thereafter,
feverish lymphadenitis with a morbilliform rash
appears. Painful hepatomegaly is experienced. Trans-
aminases are elevated. Diagnosis involves specific sero-
logical tests, PCR or liver biopsy. • Liver involvement is
manifested by granulomas with occasional central star-
shaped microabscesses, in which pathogens can be
demonstrated, and by focal infiltrates, possibly also with
single-cell necrosis. (126�130)

3.15 Actinomycosis

The abdominal form of the so-called ray-fungus disease
(actinomycosis) is a non-contagious, mostly chronic
infectious disease induced through the gram-positive,
anaerobic rod-shaped bacterium Actinomyces israelii. It
is a pseudomycosis. Under favourable conditions, this
human saprophyte can cause enterocolitis.

Pronounced formation of granulomas or microabscesses
and major (hyperdense) liver abscesses with cauliflower-
like druses may be due to haematogenous spread of the
pathogen to the liver (portal vein, systemic circulation)
or, occasionally, to direct encroachment on the liver.
The abscess pus contains the typical so-called sulphur
granules. Treatment consists of penicillin G (e. g. 2 � 10
million U/day i.v. for approximately 4 weeks), ampicil-
lin, tetracycline, clindamycin or metronidazole. (131�141)

3.16 Burkholderia pseudomallei

Melioidosis, which is caused by pathogens, is endemic in
the different subtropical and tropical countries. Patients
with diabetes mellitus are particularly susceptible to
infection. Acute melioidosis displays large numbers of
both localized and disseminated necrotic foci, which
produce confluent abscesses, sometimes with a diameter
of 2�3 mm. The presence of pathogens can be con-
firmed using Giemsa staining. Chronic melioidosis is
characterized by epithelioid cell granuloma with giant
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cells and central necrosis. Pathogens (previously known
as pseudomonas) are only rarely found in the foci them-
selves. (142)
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25 Parasitic infections and the liver

A number of parasitic diseases result in a coexisting liver
reaction or even lead to coexisting liver disease. How-
ever, most of these parasitoses are rarely encountered
in the temperate zones, and if at all, they occur only
sporadically in the wake of immigration and tourist
travel to endemic regions.

� During the past 15 years, an enormous number of
people, totalling 9�10 million, have immigrated to
Europe from the Near East and from African and
Asian countries. At the same time, hundreds of thou-
sands of people travel every year to the most remote
regions of the earth in search of adventure and new
experiences, usually living in unhygienic conditions
such as those common to backpacking and trekking.
In addition, some parasitic diseases that are barely
known today have to be constantly considered for
differential diagnosis when unresolved symptoms of
disease are present.

Protozoiases
1. Amoebiasis (S D E)
2. Lambliasis
3. Cryptosporidiosis
4. Leishmaniasis
5. Malaria D E
6. Toxoplasmosis (congenital) P D E
7. Trypanosomiasis

Helminthiases
1. Nematodes

1. Ascaris lumbricoides
2. Capillaria hepatica
3. Pentastomum dentriculatum
4. Strongyloides stercoralis
5. Toxacara canis
6. Trichinella spiralis D E

2. Trematodes
1. Clonorchis sinensis
2. Dicrocoelium dentriticum
3. Fasciola hepatica
4. Fasciolopsis buski
5. Opisthorchis felineus
6. Opisthorchis viverrini
7. Schistosomiasis

3. Cestodes
1. Echinococcus

Tab. 25.1: Major parasitic diseases caused by protozoiases and hel-
minthiases which may lead to liver involvement or concomitant
liver disease. The obligation for notification in Germany is given in
cases of suspected disease (S), disease (D), exitus (E) or perinatal
infection (P). This can, however, vary from country to country. If
in doubt: contact the Public Health Department
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Generally, the clinical manifestations of the respective
parasitosis predominate, and the involvement of the
liver may even go unnoticed, especially in the early
stages. In individual cases, the laboratory parameters
indicative of liver damage are only slightly changed. The
various parasites mainly affect either the biliary tract or
the liver cells. Consequently, inflammatory infiltration,
liver cell necrosis, granulomas, abscesses, fibrosis, vascu-
lar occlusion and biliary obstruction as well as the depo-
sition of eggs or larvae in the liver may be observed.
There are hence multiform morphological findings. Par-
asitoses with potential liver involvement belong to the
group of protozoiases and helminthiases. (s. tab. 25.1)

1 Protozoiases

Protozoa are unicellular organisms with a well-defined
cell nucleus. Some species are capable of sexual repro-
duction, while others reproduce asexually. In addition
to their vegetative (usually motile) forms, most protozoa
also develop cysts as a permanent state under unfavour-
able external conditions. They move with the aid of fla-
gella or cilia, by amoeboid locomotion, or in a winding,
gliding manner.

1.1 Amoebiasis

1.1.1 Definition

Amoebiasis is defined as the invasion of the human
body by the protozoal organism Entamoeba histoly-
tica, with or without ensuing symptoms of disease or
clinical manifestations.

1.1.2 Epidemiology and pathogens

Entamoeba histolytica is an obligate pathogen. It has
worldwide distribution and is the third most common
parasitic pathogen, with a prevalence of 20�90%
among the populations of tropical and subtropical
countries. However, given unfavourable hygiene con-
ditions, Ent. histolytica can also be encountered in the
temperate zones, particularly when imported by individ-
uals after a stay in the tropics. The frequency of infec-
tion is less than 1% in Germany and other European
countries, whereby the disease/infection ratio ranges
between 1 : 300 and 4 : 10. Homosexual males showed a
higher incidence of amoebic abscesses. (8)

Cysts: The resistant quadrinucleate (in the immature stage mono-
or binuclear) cysts are the permanent forms of Ent. histolytica.
The organisms, 10�16 µm in diameter, are round with a
monoplastic cytoplasm, in which chromidium bodies may be
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embedded. They develop from the vegetative minuta form in the
lower intestine as a result of increasing dehydration in this area.
Both the cysts and the vegetative minuta forms are excreted in
semi-solid stools. The minuta form is rapidly destroyed in the
external environment. For this reason, it is the cysts which are the
mode of transmission of Ent. histolytica.

Minuta form: Following oral ingestion of the cyst, 4 trophozoites
(� minuta form) are generated from each cyst in the intestine.
This form, which inhabits the intestinal lumen, has an asymmetric
structure, 12�20 µm in diameter, and displays 1 or 2 nuclei in its
cytoplasm, occasionally with ingested bacteria in the vacuoles. It
is capable of amoeboid movement. The minuta form is probably a
primarily non-pathogenic amoeba, i. e. it is sometimes the cause of
mild dysenteric symptoms.

Magna form: The minuta form reaches the intestinal wall and is
converted into the magna form. This is an asymmetric organism,
20�30 (�60) µm in size, with delicate, honeycomb-like cytoplasm
and phagocytized erythrocytes (� haematophagous trophozoites),
which produce proteolytic enzymes. Detection of the magna form
is the only reliable criterion of manifest (invasive) intestinal
amoebiasis. Magna forms are excreted from intestinal ulcers or
transported to the liver in the portal blood. Very rarely, they can
also be directly transmitted through small skin or mucosal lesions.

The minuta and magna forms excreted in the faeces in
intestinal amoebiasis are usually not infectious, as they
perish rapidly in the stools once they have been
excreted. Today, differentiation can be made between
the two forms using molecular biology techniques. •
Only the cysts are responsible for transmission, but they
are not present in the stool in the acute phase: infection
from the cysts is transmitted by the faecal-oral route
and hence only in the symptom-free, chronic stage of
the disease. An exact incubation period has not been
defined. The latent period may last for several years.

1.1.3 Courses of disease

Intestinal amoebiasis: Initially, clinical differentiation
must be made between diffuse colonic amoebiasis and
the (rare) circumscribed involvement of the colon. Dif-
fuse amoebiasis of the colon may take different courses:
(1.) asymptomatic, (2.) symptomatic, and (3.) symptom-
atic, but non-dysenteric. (18)

1. Asymptomatic intestinal amoebiasis may be witnessed both with
and without excretion of cysts or the minuta form of the pathogen.
It is, however, possible that the tissue is invaded without the
appearance of symptoms, so that patients with extraintestinal
amoebiasis do not complain of diarrhoea, either at the time of
consultation or in the anamnesis. This is obviously of clinical and
therapeutic relevance.

2. Symptomatic intestinal amoebiasis may, in rare instances, follow
a fulminant course, whereby the entire colon is affected with clinical
symptoms resembling severe shigellosis. Usually, the symptomatic
intestinal form is either acute or chronic recurrent. The cardinal
symptoms are: diarrhoea of gradual, sometimes also sudden onset
(evacuation frequency 6�8 [�20]/day), small stools of semi-solid
or watery consistency with bloody raspberry jelly-like mucous
contents as well as lower abdominal spasms, tender abdominal
walls and an episodic course of disease. Laboratory tests reveal
changes in the blood count (anaemia, leucocytosis, eosinophilia)
and inflammation-related parameters. Endoscopic examination of
the rectum, sigmoid and colon reveals mucosal ulceration resem-
bling ulcerative colitis or Crohn’s disease. The diagnosis can only
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be confirmed by the identification of the magna forms (mucosal
smear, smear preparation of fresh stool specimens, mucosal biopsy
or culture method).

3. Symptomatic, non-dysenteric courses of disease elicit minor
symptoms in the form of loss of appetite, nausea, meteorism, rectal
tenesmus, slight diarrhoea alternating with constipation, and dif-
fuse abdominal pain of varying intensity. In patients whose phys-
ical defence response is weakened, exacerbation may occur at any
moment. • In most cases, amoebic dysentery affects only isolated
colonic sections, leaving intermediate regions largely free from
lesions. • In the rare instance of circumscribed intestinal amoebiasis,
the rectum and coecum or sigmoid are primarily and predomi-
nantly affected. Amoebic appendicitis and perianal cutaneous
amoebiasis are seen as particular manifestation forms. • Focal
inflammatory infiltration of the abscessed intestinal wall is called
amoeboma. This consists of granulation tissue with a bleeding ten-
dency. It is mainly localized in the coecum and rectosigmoid. In
the case of amoeboma, it can be rather difficult to set up a dif-
ferential diagnosis to distinguish it from carcinoma, especially in
the presence of a symptom complex of stenosis.

Complications: Potential complications include the per-
foration of the intestinal wall (covered or open), stenosis
and stricture as well as intussusception or haemorrhage.

Extraintestinal amoebiasis: In the event of an imbalance
between the pathogen and the host organism due to
various factors (s. tab. 26.1), the minuta form becomes
pathogenic. Although it normally inhabits the intestinal
mucosa, the minuta form infiltrates the intestinal wall
with the aid of a cytolytic enzyme and is converted into
the magna form. These magna forms then pass via the
portal vein to the liver, where they are partially
destroyed. Moreover, the liver may now become in-
volved in the amoebiasis. • Extraintestinal dissemination
of amoebiasis is effected haematogenically; after passing
the hepatic sinusoids, it reaches the lung and brain,
rarely also the spleen and kidney. Intestinal amoebiasis
may encroach on the neighbouring areas (e. g. perito-
neum, pericardium, pleura, female pelvic organs)
through direct contact (per continuitatem).

1.1.4 Hepatic amoebiasis

1. Non-specific mesenchymal reactions: The reaction to
acute intestinal affection from Ent. histolytica consists
of moderate diffuse swelling and multiplication of the
stellate cells. Other morphological lesions are generally
not detectable. The liver may be enlarged and sensitive
to pressure.

2. Liver amoebiasis: The propagation of amoebae in the
liver leads to focal liver cell necrosis, which regresses
spontaneously. Further episodes of focal necrosis may
follow. Occasionally, granulomas are formed as well. The
liver is generally enlarged and sensitive to pressure. The
transaminases are slightly elevated. This involvement is
called non-suppurative amoebiasis of the liver. Liver
amoebiasis does not lead to cirrhosis. • (There is no evi-
dence of “hepatitis”, “chronic non-suppurative hepati-
tis” or “chronic amoebic hepatitis”.)



Chapter 25

3. Liver abscess: In 5�10% of patients with acute inva-
sive intestinal amoebiasis, liver abscesses are formed,
which are either solitary (50�70%) or multiple
(30�50%). The right lobe of liver is affected five times
as often as the left lobe (80�90%). Strictly speaking, the
term “abscess” is not correct in this context, since there
is actually no leucocytic abscess formation but a patho-
gen-free cytolytic necrosis. This consists of a viscous,
creamy, yellowish-green to chocolate-brown mass, which
does not contain any amoebae. Trophozoites are only
found in the viable, cell-infiltrated tissues of marginal
areas. Secondary infections of the amoebic abscesses are
possible. • Clinical observations include fever (occasion-
ally with chills), tachycardia, sweats, pain in the right
epigastrium radiating to the right shoulder and back,
an enlarged liver that is sensitive to pressure, a right
costal arch that is sensitive to percussion and a tickling
sensation in the throat. Men are affected significantly
more often by an abscess than women. • Laboratory
findings reveal severe bacterial inflammation, a slight
increase in transaminases and a distinct rise in alkaline
phosphatase. (15) Hyperbilirubinaemia is a rare occur-
rence. IgM antibodies against Ent. histolytica can be
detected in 90�100% of patients. These antibody titres
persist for months or even years. Apart from ELISA,
the highly sensitive EIA test and the indirect haemag-
glutination test are available. Evidence of amoebae is
rarely obtained (< 10% of cases) by stool examination. •
Imaging techniques facilitate the diagnosis. In ultrasono-
graphy, an amoebic liver abscess appears as a vaguely
delineated, hypoechoic (yet not echo-free) space-occupy-
ing lesion. (s. fig. 25.1) CT yields the same information.
With scintigraphy, “cold” areas are visible. (s. fig. 9.2)
Radiological evaluation often shows an elevation or
restricted movement of the right diaphragm, atelectasis
or infiltration in the right lower area of the lung as well as
a marginal angular effusion. Diagnostic puncture is not
necessary as a rule; however, PCR may provide proof of
Ent. histolytica DNA in the abscess content.

Fig. 25.1: Ultrasonographic visualization of an amoebic abscess in
the right lobe of liver (s. fig. 9.2)

Complications: One of the major complications is the
confluence of abscesses with subsequent necrosis of
large areas of the liver. Furthermore, there is a risk of a
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covered perforation or rupture into the free abdominal
cavity or the adjacent organs, e. g. pleura, pericardium
(possibly with the formation of a hepatobronchial fis-
tula) (3), stomach, lung, intestine, gall bladder, bile
ducts. Rupture occurs more frequently (20�25%) than
in pyogenic liver abscess. Moreover, thrombosis of the
inferior vena cava (9) or the portal vein as well as
obstructive jaundice may be observed. Arrosion of
blood vessels may lead to considerable bleeding. Meta-
static spread (e. g. brain) has been witnessed. (2, 4�8,
10�14, 16, 17, 19�21) • With early diagnosis and appropri-
ate treatment, lethality is well below 1%, yet ranges
between 6.2% (thorax) and 29.6% (pericardium) in cases
of abscess perforation. (16)

1.1.5 Therapy

Treatment consists of metronidazole (4 � 500 or 3 �
750 mg/day, orally) for about 10 to 14 days. As an alter-
native approach, tinidazole (3 � 800 mg/day, orally) for
7 to 10 days or ornidazole (2 � 0.5�1.0 g/day) for 10
to 12 days may be administered. Additional administra-
tion of chloroquine (600 mg) for 2 days followed by 300
mg for approx. 2 weeks may be advisable. For decon-
tamination of the intestinal lumen, this regimen should
be combined with diloxanide fuorate (3 � 500 mg) for
10 to 12 days or paromomycin (3 � 500 mg) for approx.
1 week or iodoquinol (3 � 650 mg) for approx. 3 weeks.
Therapeutic success is monitored by ultrasound (possi-
bly also by CT). If therapy is not entirely successful, the
course of treatment is prolonged. • Regression following
medication may take several months (probably even
> 6). With large abscesses (> 6 cm in diameter), impend-
ing rupture or lack of impact of the treatment within 5
to 7 days, the abscess should be emptied by means of
puncture or drainage. Surgical procedures are only nec-
essary in very severe and/or therapy-resistant cases,
especially in necrosis of the left lobe of liver. (2, 16)

1.2 Lambliasis
A pear-shaped, 10�20 µm sized parasite of the small intestine,
Lamblia intestinalis (or Giardia lamblia), is the causative pathogen
of lambliasis (or giardiasis). (23) This semipathogenic organism
shows a high prevalence in tropical and subtropical regions, but is
also repeatedly found in Central European countries � particu-
larly following a stay in the tropics by travellers. • It causes an
infection of the small intestine. The lambliae attach themselves to
the cryptic epithelium of the small intestinal mucosa with the aid
of sucking disks. Here, they can form such an extensive and dense
lamblia covering that steatorrhoea may result from the disrupted
absorption.

Liver involvement can occasionally be recognized by the
occurrence of granulomas. Laboratory findings reveal a
slight increase in γ-GT and AP, pointing to the involve-
ment of the small bile ducts, possibly in the form of
lamblia-induced cholangiopathy. (24) After parasitization
of the gall bladder, cholecystitis may occur. • Evidence
of highly motile lambliae is readily obtained by examin-
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ing A, B or C bile procured with the help of a nasoduo-
denal tube, secretion taken from the small intestine, or
suspended and centrifuged stool specimens. In the
meantime, tests for the detection of giardia antigens in
the stool are available as well. • Treatment is effected
with ornidazole, tinidazole (1.5 g) or metronidazole (2
� 250 mg) for 5 to 10 days. (22)

1.3 Cryptosporidiosis

Cryptosporidiosis is classed as traveller’s diarrhoea, par-
ticularly endemic on the Caribbean islands. The patho-
gen, an opportunistic protozoon (2�4 µm), is transmit-
ted through contaminated water or food. Clinical
findings include watery faeces (5�22 days) with subse-
quent exsiccation and acetonaemia, headaches and limb
pain, vomiting and severe general malaise. The disease
persists for up to 6 weeks. • This infection is also
observed in AIDS patients (in 6% of all patients and in
21% of patients with diarrhoea). • The biliary system
and the gall bladder are especially affected: epigastric
pain and anicteric cholestasis are present. Sonography
and CT show dilated bile ducts with mural thickening.
ERC may reveal findings similar to those found in pri-
mary sclerosing cholangitis, while papillary stenosis is
also observed on occasions. Frequently, a coexisting
cytomegalovirus infection has been found. (25�27)

1.4 Leishmaniasis
� Leishmania (W. B. Leishman, 1900) is a parasite with host
exchange between humans and female sandflies (Phlebotomus sp.).
Leishmaniasis occurs as a zoonosis, usually found in dogs and
rodents. Of essential pathological relevance to humans is Leish-
mania donovani (India, East Africa), an oval, gram-negative, baso-
philic organism, 3 µm in length. It is the causative pathogen of
visceral leishmaniasis (kala-azar � black fever, dumdum fever,
tropical splenomegaly). These organisms multiply in the RES and
macrophages (spleen, liver, small intestine, lymph nodes). L. infan-
tum (Mediterranean region) and L. chagasi (South America) are
less frequently found. • Evidence is based on cultural or micro-
scopic examination of biopsy specimens (liver, spleen, sternum,
tibia or lymph node) and on immunological methods (ELISA,
indirect fluorescence test). The leishmaniae penetrate the skin and
multiply there, causing an ulcer at the site of entry. • The infection
may be self-limiting (the pathogens are eliminated in the skin or
the liver), or it may become systemic in patients with a weakened
immune system and develop into visceral leishmaniasis. The incu-
bation period lasts 2�3 weeks, and even up to 8 months.

The disease runs a course similar to that of an insidious
infection with remittent fever (often with a dromedary
curve during the day), tickling of the throat, diarrhoea
and lymphadenopathy. Hepatosplenomegaly develops
as a result of affected sinus endothelia and the subse-
quent neoformation and multiplication of these cells (a
process which is also found in the lymph nodes). A
blackish hyperpigmentation (face, hands, feet and abdo-
men) is a characteristic symptom of visceral leishmania-
sis. • Laboratory tests reveal a marked increase in IgM
and γ-globulins as well as anaemia, leucopenia, throm-
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Fig. 25.2: Amastigotes of Leishmania donovani in swollen Kupffer
cells (�)

bopenia and slightly elevated transaminases. Leucosis is
a common tentative, albeit incorrect, diagnosis. • The
liver is enlarged, the hepatocytes are free of pathogens.
The Kupffer cells are severely affected; the basophilic
Leishman bodies (2�5 µm in length) can be detected in
their interior. (s. fig. 25.2) Non-specific reactive hepatitis
is present: the portal tracts show dense, small and
round-cell infiltrations; lobular peripheral single-cell
necrosis and centrolobular fatty degeneration of the
liver cells are found. (29) Occasionally, granulomas (30)
and periportal fibrosis develop, in some cases with por-
tal hypertension. (28) • Treatment consists of sodium sti-
bogluconate (10�20 mg/kg BW for approx. 20 days)
and meglumine antimoniate. Recurrence is possible
(even after several years). Combined treatment with γ-
interferon or aminosidin is thought to be promising. As
alternative regimens, amphotericin B and pentamidine
may also be used. With the new drug miltefosin, oral
therapy has proved very successful and represents a true
breakthrough in the treatment of visceral leishmaniasis.
(31) If untreated, the disease is fatal in over 80% of cases
as a result of cachexia and/or superinfection. (32)

1.5 Malaria

With 300�500 million new infections annually,
malaria is one of the most common infectious dis-
eases in the world. The mortality rate is about 2 mil-
lion/year. • In Germany, approximately 1,000 cases
are reported each year, and the tendency is rising.
About half of them are due to tropical malaria.

1.5.1 Pathogens

Quartan malaria is caused by Plasmodium malariae
(incubation period of 18�40 days), tertian malaria by
Plasmodium vivax and Plasmodium ovale (incubation
period of 10 to 18 days), and tropical malaria by Plas-
modium falciparum (incubation period of 7 to 14 days);
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administering malaria drugs can extend the incubation
period by up to 6 weeks.

1.5.2 Malarial cycle

The sexual cycle (sporogony) takes place in the female
anopheline mosquito, while the asexual cycle (schizog-
ony) takes place in humans.

Following the bite of an infected female mosquito, the sporozoites
injected from her salivary gland are rapidly conducted through the
bloodstream to the liver cells, where either the pre-erythrocytic or
exoerythrocytic phase commences. The sporozoites turn into schiz-
onts, which rupture and release massive numbers of merozoites into
the blood (after 6 to 16 days of maturation), invading the erythro-
cytes within 20�30 seconds. The erythrocytic phase produces tro-
phozoites and schizonts (which, in turn, discharge large amounts
of merozoites into the blood) as well as male and female gameto-
cytes, which also reach the blood, possibly to be ingested by
another Anopheles mosquito while biting. Sporozoites are formed
in intermediary stages in the mosquito stomach, completing the
malarial infection cycle. • A certain number of Pl. vivax and Pl.
ovale may persist in the liver cells (perhaps even for several years)
and provoke late relapses of tertian or tropical malaria. • Evidence
of plasmodias is obtained in the peripheral blood using the “thin-
film method” or the “thick-film method” with the help of Giemsa
stain. A quick test is now available. Such tests are helpful, but are
not considered to be an alternative to stained blood smears.

1.5.3 Clinical findings

The typical bouts of fever (in tertian malaria, every 3
days with a tendency to recur for up to 1 year; in quar-
tan malaria, every 4 days with relapses over a period of
up to 4 years; in tropical malaria, at irregular intervals
without late relapses) and chills are caused by the
release of merozoites from the erythrocytes. Interest-
ingly, “influenza” is the most common incorrect diagno-
sis in malaria. Symptoms include headaches and limb
pain, severe malaise and hepatosplenomegaly. A
reduced HDL cholesterol level is a reliable (and early)
indicator of malarial infection. The generally mild jaun-
dice is mainly caused by haemolysis � which correlates
with the increased LDH. (39) A moderate rise in trans-
aminases, possibly also in alkaline phosphatase, and a
marked increase in IgG and IgM with a reduction in
cholinesterase are only witnessed in some cases, particu-
larly when the course of disease is severe. (37) Leucocy-
tosis suggests a poor prognosis. Especially with Pl.
vivax, marked splenomegaly is present (� hyperreactive
malaria splenomegaly syndrome) with a danger of sple-
nic rupture. This can also lead to a lymphoproliferative
disease. (35) In severe cases and with high pathogen
counts, consumption coagulopathy may develop from
microthrombi. • The so-called airport malaria is clini-
cally significant. In the vicinity of European airports,
anopheles mosquitoes brought inadvertently into the
country in summer can result in unexpected cases of
malaria. • During pregnancy, this infection may be
passed on to the child by transplacental or perinatal
transmission, resulting in initially unexplained fever. •
Liver histology shows isolated hepatocytes with phago-
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cytized erythrocytes and finely grained siderin. The gen-
erally distended sinusoidal cells contain large amounts
of haemozoin: small brownish-black balls, 1�2 µm in
diameter, of an iron-porphyrin-protein complex, ex-
hibiting a characteristic double refraction under the
polarizing microscope. This malarial pigment is abun-
dant in quartan malaria. (34, 36, 40, 42) (s. fig. 25.3)

Fig. 25.3: Malarial pigment: marked haemozoin deposition in the
hepatic macrophages (HE)

With the augmented deposition of haemozoin, the grey
discolouration of the malaria liver develops. In the acute
stage, single-cell necrosis may also be detected; chronic
malaria generally shows blocks of malarial pigment in
the portal field, lobular central sclerosis and occasion-
ally non-specific granulomas consisting of histiocytes.
Findings of non-specific reactive hepatitis or centro-
acinar liver cell necrosis might be due to a disrupted
microcirculation or hypoxia. Cirrhosis does not occur
as a sequela of malaria. • The lethality of severe malaria
tropica is still > 10% despite intensive medical care.

1.5.4 Prophylactic measures

Prevention of malaria comprises exposure prophy-
laxis and chemoprophylaxis.

1. Exposure prophylaxis, i. e. avoiding mosquito bites, may con-
siderably reduce the risk of malaria when carried out systemat-
ically. This means applying mosquito repellants to uncovered skin
areas, wearing sufficient clothing to protect as much of the skin
surface as possible, staying in rooms free of mosquitoes (air-condi-
tioning, insect screens) and using insecticide-impregnated
mosquito nets. The additional use of insecticides (spray, aerosol)
in rooms and vaporizers or smoke spirals outdoors (e.g. on the
patio) may be very effective. Preventing exposure is imperative par-
ticularly at dawn and dusk and during the night, since these are
the times when Anopheles mosquitoes are active.

2. Chemoprophylactic measures have, in recent years, become
extremely complex and more difficult to apply as a result of
increasing resistance. Varying degrees of resistance to virtually
every antimalarial agent can be expected, depending on the geo-
graphic region. Multiresistance is also on the rise. According to a
WHO classification, the malaria areas are defined as zone A (areas
without chloroquine resistance or without Pl. falciparum), zone B
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(areas with resistance to chloroquine) and zone C (areas with
extreme resistance to chloroquine or multiresistance). In the light
of this zone definition, chemoprophylaxis by means of chloroquine
(300�450 mg/week), proguanil (200 mg/day) or mefloquine (250
mg/week) is recommended. Tafenoquine (250 mg/day for 3 days)
may in future be a new drug for the prevention of malaria; the
prophylactic effect is given as being 7 weeks. • Preventive inocula-
tion is still in the experimental stage.

1.5.5 Therapy

In the case of suspected malaria, self-treatment with
halofantrine (3 � 500 mg � 3 � 2 tablets at intervals
of 6 hours) on day 1 and day 8 should commence if
immediate diagnosis and treatment are not possible.
Alternatively, mefloquine can also be given (1,000 mg �
4 tablets or 15 mg/kg BW as a single dose; with a body
weight of > 60 kg, another 250 mg may have to be given
after 6 hours and 12 hours). • In non-immune patients,
malaria tropica should always be treated in a hospital
as an emergency. Treatment consists of quinine (3 �
daily, approx. 10 mg/kg BW, orally) for a period of 8
days, and in complicated cases as i.v. infusion, possibly
with simultaneous administration of doxycycline. Fur-
ther alternative regimens include mefloquine or halo-
fantrine. • In the case of tertian and quartan malaria,
chloroquine, mefloquine or halofantine are used. Add-
itionally, primaquine (15 mg � 1 tablet for 14 days) is
imperative for the elimination of persistent (proerythro-
cytic) hypnozoites; with inadequate efficacy, the treat-
ment should be repeated with a maximum total dosage
of 280�420 mg. (41) • New drug combinations for com-
bating tropical malaria are proguanil plus atovaquone
(38) and arthemether plus lumefantrin. In cerebral
malaria, artemisinin has been used with good therapeu-
tic success. (33)

1.6 Toxoplasmosis
Toxoplasmosis is caused by Toxoplasma gondii (2�7 µm in size).
There is a secondary exchange of hosts with a developmental cycle
(coccidian cycle) in cats (and possibly other Felidae) as specific
hosts with excretion of oocysts in the faeces. Such an acyclic devel-
opment is found in all mammals and various birds (� non-specific
hosts) as well as in humans. The infection is transmitted through
exposure to cat faeces, by consumption of raw meat infected with
oocysts, in the breast milk or via the placenta. The exact incuba-
tion period is not known. • Toxoplasma is one of the most wide-
spread parasites, especially in humid and warm climates. The fre-
quency of toxoplasma infection in the population is therefore
extremely high, although there are considerable regional and indi-
vidual differences. As a rule, both the acute and the chronic stages
of disease are asymptomatic. Consequently, toxoplasmosis pres-
ents a mild pathological picture, since the virulence of the patho-
gen is balanced by the undisturbed immunological response of the
organism; in this case, an infection with Toxoplasma gondii is of
no consequence. Occasionally observed concomitant symptoms
(fatigue, basophilia in the blood, lymphadenopathy, etc.) are signs
of an immunization process. Swollen lymph nodes may therefore
persist for some months before the condition regresses spontan-
eously. • Toxoplasmosis will only lead to a serious clinical picture
in the presence of an impaired immune response. Most cysts are
then found in the CNS and myocardium as well as in the liver,
where the parasite can multiply longest. In these tissues, late sensi-
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tization leads to the destruction of the parasite with simultaneous
development of varying degress of tissue necrosis.

1.6.1 Congenital toxoplasmosis

Toxoplasma infections occurring before pregnancy have
no effect on the child: the parasite is not transmitted to
the foetus. • During pregnancy, the infection is transmit-
ted in approx. 50% of cases; the later the maternal infec-
tion is acquired, the greater the frequency (approx. 15%
in the 1st, approx. 25% in the 2nd and approx. 65% in
the 3rd trimenon). Massive parasitization leads to still-
birth or premature delivery, usually with severe defects.
Besides generalized invasion, the parasites are mainly
localized in the CNS, whereby chorioretinitis is also in
evidence. • From the hepatological viewpoint, marked
jaundice and hepatosplenomegaly as well as anasarca
and ascites are worth mentioning. The endothelial cells
of the liver are distended, and this is where the slightly
falcate pathogens are also detectable. Only isolated cases
present liver cell degeneration and necrosis as well as
microcalcification.

1.6.2 Acquired toxoplasmosis

In early infancy, liver involvement manifests as giant-
cell hepatitis (s. fig. 22.5) or non-specific reactive hepa-
titis. (s. fig. 21.1) Furthermore, granulomas (s. p. 398)
may develop, sometimes with marked density. Trans-
aminases are elevated; cholestasis is also frequently
detectable. (43, 44, 46, 48)

Fig. 25.4: Granuloma close to a portal field. Clinical diagnosis:
Toxoplasmosis

In children and adults, signs of non-specific reactive hep-
atitis have also been observed. (42, 47) Acidophilic liver
cell necrosis occasionally develops, depending on the
type of red corpuscles. The endothelial cells are dis-
tended, the portal zones show inflammatory infiltration
and granulomas or retothelial nodules are frequently
found. (s. fig. 25.4) The pathogens can be demonstrated
in the liver. Cirrhosis may develop, especially after the
destruction of the lobular architecture as a sequela of
extensive parenchymal necrosis. • There are various
serological tests available, including the Sabin-Feldmann
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dye test, the indirect immunofluorescence test (IFT), the
indirect haemagglutination test (IHA) and the ELISA
test. Evidence of IgM antibodies is obtained as early as
5 days after infection. Direct identification of the patho-
gen is achieved by means of the PCR technique. (45)

1.6.3 Therapy

Asymptomatic or uncomplicated primary infection
requires no treatment. Severe courses of disease are
treated with pyrimethamine (50 mg/day for approx. 2
weeks, followed by 25 mg/day for approx. 2 weeks) or
sulphamethoxydiazine (50 mg for day 1, 25 mg as from
day 2 or 3) � pyrimethamine (100 mg/kg BW/day) or
clindamycin � pyrimethamine. As an alternative
approach (e. g. in the first trimester of pregnancy), spi-
ramycin may be given. In order to reduce the myelotox-
icity of pyrimethamine, the administration of folic acid
(10�15 mg/day) is recommended.

1.7 Trypanosomiasis
Trypanosomes belong to the genus of flagellates with a spindle-
shaped thin body, large central nucleus, small kinetoplasts and a
highly motile flagellum. The cycle of development requires both
vertebrate and insect hosts. • Diagnosis of the blood parasite is
obtained by dark-field and phase-contrast microscopy, Giemsa
stain, culture and tissue biopsy. Serological evidence is based on
the FTA test as well as on CFR and IgM antibodies in the liquor.
• Treatment in early stages (also as a preventive measure) consists
of suraminum natricum or pentamidine; in the tertiary stage, tryp-
arsamide or melarsoprol are recommended.

The transmission of Tryp. gambiense and Tryp. rhodesiense
(“African sleeping sickness”) is caused by tsetse flies. Outside the
body, these pathogens only survive for a brief period of time.
Multiplication takes place in the peripheral blood, possibly also in
the lymph nodes, CSF and bone marrow. The incubation period
is between 1 and 3 weeks (� primary stage with headaches, limb
pain and fever). Pathogenic invasion of the blood and lymph ves-
sels (� secondary stage) causes swelling of the lymph nodes, sple-
nomegaly and bouts of fever. When the CNS is affected, a serious
clinical picture appears, which generally culminates in death after
a few weeks or months if untreated. • The liver shows centroacinar
cell necrosis and inflammatory infiltration, especially in the por-
tal fields.

The transmission of Tryp. cruzi is caused by reduviid bugs, which
excrete infectious trypanosomes in their faeces. These enter the
body through small skin or mucosal lesions. They cause the “South
American sleeping sickness”, also called Chagas’ disease (C. Cha-

gas, 1908). • In the liver only portal round-cell infiltrates are found.

2 Helminthiases

Infections caused by helminths often lead to liver
involvement. The parasites or their immature forms may
reach the liver (1.) via the portal vein (e. g. eggs of schis-
tosomes), (2.) via the hepatic artery (e. g. scolices of echi-
nococci), (3.) transperitoneally through Glisson’s capsule
(e. g. larvae of Fasciola hepatica), and (4.) ascending
through the bile ducts (e. g. larvae of the Clonorchis
sinensis). • Histological signs of the parasitization of the
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liver often include granuloma formation, fibroblast acti-
vation and an eosinophilic cellular reaction. • Labora-
tory parameters frequently reveal eosinophilia and an
increase in IgE. • Under certain circumstances, three dif-
ferent helminth species come in question: (1.) nematodes
(roundworms or eelworms), (2.) trematodes (flukes),
and (3.) cestodes (tapeworms). (s. tab. 25.1)

2.1 Nematodes

2.1.1 Ascaris lumbricoides

Ascariasis is one of the most common parasitoses: approx. 800
million people are infected. The ascarid is cream-coloured, mostly
4�6 mm in diameter and 15�25 cm (males) or 20�40 cm
(females) in length, the latter showing an involuted posterior part.
The worm lives mainly in the jejunum. The female lays nearly
200,000 eggs daily during her life span of about one year, so that
faecal evidence is relatively easy to obtain. • The compact oval
ascaris eggs (up to 60 µm in diameter) show a peculiarly structured
surface, yellowish-brown in colour. (s. fig. 25.5) After fertilization,
the larvae in the eggs mature in about 2 (�8) weeks at the appro-
priate temperature (� larval stages 1 and 2). The route of infection
is faecal-oral. After oral ingestion, the eggs reach the small intes-
tine, where the larvae shed the egg membrane. They penetrate the
intestinal mucosa and enter the lymph vessels and bloodstream
and migrate to the liver (� larval stage 3), where a major part of
the larvae is destroyed. The rest travel to the lung, where they leave
the capillaries and reach the alveoli (� larval stage 4). The larvae
are transported via the bronchial tract to the trachea and larynx.
The pulmonary larval migration may be accompanied by transi-
tory, often multiple eosinophilic lung infiltrates, sometimes with
asthmatic symptoms for the individual and, in the case of second-
ary infection, by bronchopneumonia. When swallowed, the larvae
reach the small intestine a second time (� larval stage 5). Here, in
roughly 3 months, they mature to become ascarids of separate sexes.
Their life span as intestinal parasites is about 12 to 18 months.

Fig. 25.5: Egg of Ascaris lumbricoides in bile fluid (obtained by
means of a nasogastroduodenal probe)

Diagnosis: The diagnosis is confirmed by the presence
of Ascaris eggs in the stool or bile. (s. fig. 25.5) With
the help of X-ray examination, the ascarids are generally
shown to form a recess in the contrast medium in the
bowl (s. figs. 25.6, 25.7); alternatively, they are detect-
able one day later due to their intestinal resorption of the
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Fig. 25.6: X-ray with contrast medium showing 2 ascarids in the
duodenum

Fig. 25.7: Passage of the ascaris pair and 3 young ascarids (not
shown by the X-ray above) through the intestine following anti-
helminthic treatment

CM. Occasionally, the ascarids travel to the common
bile duct, so that the parasite can also be confirmed by
ultrasound (50, 52, 57, 60) (s. fig. 25.8) and/or by endo-
scopic retrograde cholangiography (ERC). (56, 61)

The clinical picture may be characterized by a variety of
symptoms; in some cases, the ascarid leads to diffuse
abdominal pain of varying severity. By entering the bile
ducts, it causes recurrent biliary colics and fever, some-
times also haemobilia, and the symptom complex of
obstructive cholestasis, cholangitis or cholecystitis. (51,
54, 56, 59) Residues of a dead ascarid in the bile duct
may calcify or trigger the formation of bile concrement.
The abdominal complaints are not relieved by spasmo-
lytics, especially since the parasite can now penetrate
even further into the bile ducts. (s. fig. 25.8) • The asca-
rids may migrate from the biliary system to the liver
parenchyma and even reach below Glisson’s capsule.
This may entail vascular thrombosis and abscesses,
mainly in the left lobe of liver. In the liver, the coloniza-
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Fig. 25.8: Sonographic visualization of an Ascaris lumbricoides in
the common bile duct (longitudinal/transverse imaging). Clinical
findings: colicky pain, cholestasis and slight jaundice

tion by larvae or eggs provokes granulomas with giant
cells and eosinophilic margins as well as portal infiltra-
tion. (53, 58)

The following complications have been reported: pneu-
monia, asthmatic attacks (� asthma verminosum),
parasitization of the biliary tract (� cholangitis) (49, 59,
62), liver (� hepatic lesions), pancreatic duct (� pancre-
atitis) and appendix (� appendicitis), or entanglement
of worms (� ileus).

Therapy: The treatment regimen consists of levamisole
(1 � 150 mg) or albendazole (400�800 mg), flubenda-
zole (1 � 200 mg), pyrantel pamoate (1 � 10 mg/kg
BW), piperazine (1 � 75 mg/kg BW, up to a maximum
total dosage of 4 g) as well as mebendazole (2 � 100
mg/day for 3 days). Endoscopic measures for the re-
moval of an ascarid from the common bile duct, pos-
sibly after sphincterotomy, are sometimes necessary. (49,
55, 56, 62, 63)

2.1.2 Capillaria hepatica

Capillaria hepatica is encountered in the livers of ver-
tebrates such as rats, squirrels, dogs, beavers and pigs.
The worm measures 35�50 (�60) mm in length.
Humans are infected through the ingestion of worm
eggs excreted in the faeces of these host animals,
occasionally also through the consumption of the liver
of infected animals. The worm eggs are transported to
the coecum, where the larvae hatch. They penetrate the
coecal wall and reach the liver via the portal system.
This is where the maturation of the adult worms takes
place. The females die after some weeks, and a large
number of eggs are released into the liver. The infection
with Capillaria hepatica may be mild or asymptomatic
or lead to weight loss, general malaise, fever, oedema
and eosinophilia as well as hepatomegaly, with an
increase in transaminases and alkaline phosphatase.
Histiocytic granulomas develop in the liver, with an
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abundance of eosinophilic granulocytes. Their identifi-
cation by liver biopsy yields the diagnosis. • No treat-
ment for this worm disease is yet known.

2.1.3 Pentastomum denticulatum

Pentastomum denticulatum is the final larva of the
nasal worm Linguatula serrata. The adult parasites
(4�5 mm long) live in the nasal cavities and respiratory
tracts of carnivorous animals and snakes. Infection is
transmitted through oral ingestion of the eggs with sub-
sequent development of the larvae in the small intestine.
They travel via the portal vein to the liver, where they
encyst and form hard, yellow nodules of ca. 3 mm in
diameter. Histology reveals fibrous alterations as well as
granulomatous infiltrates; fine calcifications can occa-
sionally be detected. • No therapy is known.

2.1.4 Strongyloides stercoralis

The dwarf threadworm has two separate developmental phases: a
strongyloid type with a parthenogenetic, parasitic cycle and a free-
living saprozoic type of both sexes. The filariform larvae penetrate
the skin and reach the lungs via the bloodstream; from the lungs,
they migrate through the trachea to the oesophagus, where they
are swallowed, and subsequently make their way to the upper sec-
tion of the small intestine. Here, the mature female parasites
develop and lay eggs. The larvae hatch and are either excreted
in the stool or re-enter the body through the bloodstream after
penetrating the intestinal wall (endoautoinvasion) or the perianal
skin (exoautoinvasion), so that a new developmental phase begins
via the lung. The two types of autoinfection and the additional
free-living cycle account for the extreme obstinacy of strongy-
loidosis. In some cases, major gastrointestinal disorders with
bloody diarrhoea or pulmonary infiltrates as well as asthma vermi-
nosum may occur.

In the liver, the larvae cause portal infiltration and gran-
ulomas. The parasites can also invade the bile ducts and
give rise to cholestasis or cholangitis, even obstructive
jaundice or cholecystitis. • The diagnosis is based on the
finding of motile larvae (ca. 300 µm) in the stool or
duodenal juice (if necessary, after enrichment) and by
an indirect immunofluorescence test or ELISA. • Treat-
ment consists of thiabendazole (2 � 25 mg/kg BW for
about 5 days), mebendazole (2 � 200 mg for 3 days) or
albendazole (400�800 mg for 3 days). • In Germany, the
infection is accepted as an occupational disease among
miners and tunnel workers with obligation for notifica-
tion. (s. p. 567)

2.1.5 Toxocariasis

Toxocariasis is transmitted to humans by dogs (T. canis) and more
rarely by cats (T. cati) through oral infection with eggs. The adult
worms measure 4�12 cm in length. The larvae mature in the eggs
and after hatching in the intestinal tract, pass into various organs,
including the liver and lungs. (65)

In the liver, the larvae cause local inflammatory in-
filtrates, eosinophilic portal infiltration, small abscesses
and granulomas. On occasions, the granulomas may
become confluent and form conglomerates. A large pro-
portion of the larvae die in the liver, the rest encyst in

494

granulomas. (67) Fibrous alterations may occur. This liver
infestation is also known as visceral larva migrans disease.
(66) • The diagnosis is obtained by means of ELISA and
liver biopsy. (64, 67) Clinically, there is evidence of fever,
nausea, eosinophilia, hepato(spleno)megaly, broncho-
pulmonary disorders and an increase in γ-globulins.
Migration of the larvae to the eyes (chorioretinitis, irido-
cyclitis), the lungs and the myocardium may lead to
severe complications. • The disease is mostly self-limiting,
no therapy being required. In severe cases, treatment con-
sists of diethylcarbamazine (9 mg/kg BW/day), given in 3
single doses per day for 3 weeks. As an alternative regi-
men, thiabendazole (50 mg/kg BW/day) may be adminis-
tered, possibly combined with steroids, mebendazole or
ivermectine. (54)

2.1.6 Trichinella spiralis

Infection with Trichinella spiralis is caused by consumption of raw
meat from pigs or wild boars containing encysted larvae. The lar-
vae are released in the stomach or duodenum and grow within
5�7 days to sexually mature parasites. Following fertilization, the
female trichinae burrow into the intestinal wall and discharge liv-
ing larvae into the bloodstream and lymph vessels. They are de-
posited as trichina cysts in muscles, with involuted trichinae. The
diagnosis is established by antibody detection (unfortunately, not
until the 3rd or 4th week). It may also be possible to establish the
presence of nucleinic acids using PCR.

The trichinae also reach the liver, where they invade the
sinusoids and may cause an inflammatory mesenchymal
reaction. There is likewise an abundance of liver granu-
lomas. (69, 70) • Treatment for trichinosis during the
motile phase consists of mebendazole and possibly thia-
bendazole (in gradually increasing dosage, with addi-
tional administration of glucocorticoids, if necessary).

2.2 Trematodes
2.2.1 Clonorchis sinensis

The Chinese liver fluke measures 1.0�2.5 cm in length. It is most
common in China, Japan and South East Asia. Transmission is
via consumption of raw or undercooked freshwater fish. The main
hosts are pigs, dogs, cats and humans. The yellowish-brown eggs
are approx. 30 µm in size and have an “operculum”. (s. fig. 25.9)

Fig. 25.9: Egg of Clonorchis sinensis in bile fluid (obtained by a
nasogastroduodenal probe)
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They are excreted in the faeces. The eggs, which contain a miracid-
ium, are eaten by water snails. The latter excrete cercarias, which
penetrate fish as metacercarias and encyst in their muscles. After
these fish have been ingested, the cercarias are released in the duo-
denum and migrate to the bile ducts, where they mature into para-
sitic worms within the space of one month. The worms can live in
the bile ducts for several years. (s. fig. 25.10)

Fig. 25.10: Chinese liver fluke (Clonorchis sinensis)

The clinical picture is characterized by epigastric pain
and fever, sometimes with chills, diarrhoea, weight loss,
hepatomegaly, eosinophilia, slight jaundice and an
increase in enzymatic markers of cholestasis. These
blood-sucking liver flukes cause proliferation and ade-
noma-like growth with periductal fibrosis in the area of
the affected bile ducts. Potential late sequelae of chronic
cholangitis are miliary liver abscesses, intrahepatic gall-
stones and biliary cirrhosis. Cholangiocarcinoma and
carcinoma of the gall bladder may also develop. (71�76,
78, 79) • The diagnosis is confirmed by the presence of
eggs in stool specimens, but more reliably in the bile
after nasoduodenal probing (especially in the so-called
B bile after choleretic stimulation). Sonographically,
widened bile ducts with inhomogeneous reflexes are
generally detectable. (73, 77) ERC shows filling defects
and mural irregularities of the bile ducts. • Treatment is
with praziquantel (3 � 25 mg/kg BW/day) for about
2 days.

2.2.2 Dicrocoelium dentriciticum

The small liver fluke (5�12 mm long) evolves in two intermediate
hosts. A special snail species excreting metacercarias is necessary
as the first host. These are ingested by cattle and sheep. Human
infection is rare. • The cercarias travel through the duodenum to
the bile ducts, where they grow into mature liver flukes. Dicrocoeli-
asis is characterized by biliary ailments and respective findings.

2.2.3 Fasciola hepatica

The large liver fluke (length: 2�3 cm, diameter: 0.8�1.5 cm) is a
leaf-shaped biliary parasite. It is found worldwide, its main natural
reservoirs being in sheep and cattle. Human infection is accidental.
(81) The eggs are excreted in the faeces. The larvae (miracidia)
emerge from the eggs and penetrate freshwater snails (Lymnaea
species), which, in turn, release cercarias. As metacercarias, they
attach themselves to water plants, especially watercress. (100)
When infected plants are ingested, the metacercarias are released
in the upper intestinal tract. They penetrate the intestinal wall,
reach the free abdominal cavity and invade other organs, particu-
larly the liver parenchyma via Glisson’s capsule. It takes them sev-
eral weeks to reach the biliary system, where the parasite then
develops in a hermaphroditic fashion. (s. fig. 25.11)
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Fig. 25.11: Fasciola hepatica (large liver fluke), 2.9 �1.1 cm (�3).
• Ovum of Fasciola hepatica, approx. 0.13 �0.07 mm, in bile fluid
(obtained by means of a nasogastroduodenal probe) (�400)

During their migration through the liver parenchyma,
the young parasites cause major lesions, cell necroses,
haemorrhages and inflammatory infiltration. (83, 91, 97,
100) The eggs deposited in the liver tissue lead to the
formation of granulomas. The bile ducts display epithe-
lial proliferation, budding processes and proliferation of
the connective tissue with the associated circumscribed
inflammatory narrowing of the affected bile ducts.
Cholangitis can occur, possibly with abscess formation.
(97, 99) The bile ducts may be obstructed by the liver
flukes and their eggs. • Clinical symptoms and signs dur-
ing the liver invasion and migration phase (approxi-
mately 5 or 6 days after ingestion) feature pain in the
right epigastrium, hepato(spleno)megaly, fever, vomit-
ing, diarrhoea, loss of appetite, urticaria, meteorism as
well as leucocytosis, eosinophilia, increased ESR, slight
jaundice and elevated liver enzymes. Over a period of
years, chronic cholangitis and biliary cirrhosis may
develop. (83, 88) • Diagnosis is based on the presence of
eggs (0.14 � 0.08 mm in size) in the stool or bile fluid.
(s. fig. 25.11) Serological tests are also available. Nodu-
lar changes (4�10 mm), small liver abscesses and bile-
duct irregularities may be identified by ultrasound (80,
82, 86, 89), CT (82, 83, 89, 93, 94, 98) (s. tab. 8.2) or cholangi-
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ography. (85, 95) • Treatment is based on bithionol
(30�50 mg/kg BW, in 3 single doses, every second day
for 2�3 weeks), or alternatively triclabendazole (1�2 �
10 mg/kg BW) and nitazoxanide (90), possibly also with
(the less potent) praziquantel. (96) If oral therapy has
proved unsuccessful, an endoscopic rinsing of the bili-
ary system using a povidone-iodine solution is recom-
mended. (86) Invasive methods (sphincterotomy, inser-
tion of endoprostheses) and surgical intervention may
be necessary in individual cases. (83, 87)

2.2.4 Fasciolopsis buski

This large intestinal fluke is a common parasite in East
Asia. It is the largest trematode (5�7 cm by 1.2�1.5
cm) to infect humans. (s. fig. 25.12) Infection occurs
through consumption of freshwater plants, especially
raw water-nuts, infected with metacercarias. Water snails
serve as intermediate hosts. • Infection leads to fever,
weight loss, vomiting, abdominal pain, bloody diar-
rhoea (later greyish-yellow stool), anaemia and ascites
as well as cholangitis and liver abscesses, with corre-
sponding laboratory findings.

Fig. 25.12: Large intestinal fluke (Fasciolopsis buski)

2.2.5 Opisthorchis felineus

Opisthorchis felineus: This fluke, also called Siberian
liver fluke, is found mainly in Asia, but to an increasing
extent in Europe as well. It measures 0.7�1.2 cm in
length by 2�3 mm in diameter and is of a light reddish
colour. The pale brown eggs, with a length of 20�30
µm and a diameter of 10�14 µm, are somewhat smaller
than the eggs of Clonorchis sinensis; they also have an
“operculum”. (s. fig. 25.9) Their developmental process
corresponds to that of the Chinese liver fluke. • This
fluke infection of the biliary tract likewise leads to severe
reactive cholangitis with proliferation, adenoma-like
growth and fibrosis as well as chronic cholangitis, liver
abscesses, haemobilia and cholelithiasis. Biliary cirrho-
sis and cholangiolar carcinoma may develop. (101, 102,
104) • Treatment is with praziquantel (40�75 mg/kg BW
in 3 doses).

Opisthorchis viverrini: This fluke is also encountered in
East Asia, mainly in Thailand, Laos and Cambodia,
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and has the same course of development as Clonorchis
sinensis. It causes similar alterations in the biliary tract
and liver. (103, 104)

2.2.6 Schistosomiasis

� Approximately 200�250 million people in over 70 countries are
suffering from schistosomiasis (bilharziosis). This parasitosis is
found in large areas of Africa, South America, Asia and Puerto
Rico. • The eggs (approx. 150 µm long with a characteristic side
“thorn”) reach the water in the environment with the stools and
are ingested by freshwater snails; subsequently, cercarians develop
in these intermediate hosts. Humans are exposed to infection when
coming into contact with contaminated water; the larvae penetrate
the skin by way of borer glands or, alternatively, infection occurs
via mucous membranes. During this process, the larvae discard
their tails before making their way through the venous system into
the right heart and the pulmonary capillaries, subsequently passing
through the left heart into the arterial circulation and hence to the
liver. Here, within a space of 4�6 weeks, the larvae develop into
worms, 10�20 mm in length and 1�2 mm in diameter, each with
2 sucking disks on the head and another 2 on the posterior part
of the body. The worms migrate hepatofugally in pairs into the
portal system, mainly into the superior mesenteric vein (and
through anastomoses also into the pelvic veins). The worms can
reside here for years, living either in sexual segregation or as pairs,
the females laying up to 350 eggs daily. Some eggs are excreted in
the stool, others reach the liver via the portal system and embolize
into the perisinusoidal venoles. (107, 108, 114, 115)

Four of the five species infecting humans may cause
liver disease: S. mansoni. S. japonicum, S. intercalatum
and S. mekongi. The disease sets in after an incubation
period of 4�6 weeks. It manifests as fever (“Katayama
fever”), chills, headaches, arthralgia, pain in the right
epigastrium, blood-flocked mucous diarrhoea, loss of
weight, lymphadenopathy and urticarial skin reactions.
The liver and the spleen are moderately enlarged, espe-
cially in the case of S. japonicum and S. mansoni (�
hepatolienal bilharziosis). Chronic schistosomiasis
develops (in about 10% of infected persons) after years
or even decades. Laboratory values reveal eosinophilia,
thrombopenia (as a predictor of portal hypertension)
(112) and anaemia, markedly increased inflammatory
parameters (e. g. ESR, α- and γ-globulins, CRP) as well
as a moderate rise in transaminases, γ-GT and alkaline
phosphatase. Jaundice is rare. (108, 114, 116, 118, 119, 121)

During the early stages of larval and worm migration
and at the outset of egg-laying, the liver often shows
signs of non-specific reactive hepatitis. The Kupffer cells
frequently contain an iron-free pigment. The deposited
eggs lead to the formation of granulomas with lamellar
wall structures and perigranulomatous inflammatory
reactions. (109, 114, 115, 121, 125) (s. fig. 25.13) • The eggs
are detectable inside the granulomas and may occasion-
ally calcify. Especially in cases of infection (e.g. Staphy-
lococcus pyogenes aureus, Streptococcus intermedius)
(124), conglomerates of bacteria in the form of granules
can develop. Because of their grape-like shape, they are
termed bothryomycosis (but they are not fungi!). They
form eosinophilic antigen-antibody precipitates, which
surround fungal foci, parasites or abscesses. They
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appear as radiating eosinophilic spokes or thick eosino-
philic rings. This condition is known as the Splendore-
Hoeppli phenomenon. (s. p. 397) • There is subsequent
formation of marked portal and perilobular fibrosis,
which is most pronounced with S. mansoni and S.
japonicum. (s. fig. 25.14) Especially in the case of S.
mansoni, white clay pipe-stem fibrosis is characteris-
tically present (W. S. C. Symmers, 1904). The lobular struc-
ture is retained. The portal branches reveal a thickening
of the walls, with clot formation and rarefaction, result-
ing in the picture of endophlebitis obliterans. • Portal
hypertension occurs as a sequela of presinusoidal block
formation. (s. p. 219) As a result of compression of the
small liver veins by granulomas, postsinusoidal block
formation can arise as an additional feature. Splenic
infarcts with perisplenitis are frequently detectable. Isol-
ated bilharzia eggs can also be found in the spleen. Even
in the early stage of the disease, oesophageal and fundus
varices are formed as a result of portal hypertension and
are in danger of bleeding. (111, 123) Oedemas and ascites
are often observed. Hepatic encephalopathy need not be
feared owing to the intact liver function; nor does cir-
rhosis occur. In the course of time, however, the liver
(especially the left lobe) shows signs of shrinkage.

Fig. 25.13: Schistosomiasis: cicatricial granulomas with lamellar
walls; perifocal lymphohistiocytic inflammatory rim (HE)

Fig. 25.14: Schistosomiasis: portal fibrosis (so-called clay pipe-
stem fibrosis) (HE)
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� Schistosomiasis is frequently accompanied by an add-
itional HBV or HCV infection, corresponding to the
respective regional infection rate. As a result, the course
of disease is generally more severe, portal hypertension
becomes progressive more rapidly, and there is a greater
disposition towards hepatocellular carcinoma. (122)

The diagnosis can be established by identification of
eggs in the stool as well as by rectal and/or sigmoidal
mucosa biopsy or liver biopsy. Serological tests (e. g.
ELISA) may be useful. The PCR technique can likewise
be applied. Imaging techniques (ultrasound, CT) are of
diagnostic value. (105, 108, 113, 115, 117�121, 125) Early
oesophagogastroscopy and follow-ups are necessary. In
advanced stages, the laboratory parameters usually
show only moderate cholestasis and γ-globulinaemia.

The treatment for all forms of schistosomiasis consists
of praziquantel (30�45 mg/kg BW as a single dose). In
severe courses of the disease or with an S. japonicum
infection, 60 mg/kg BW daily, in 3 single doses, should
be administered. A 6-day course of therapy with 30 mg/
kg BW/day is likewise recommended. S. mansoni is also
effectively treated with oxamniquine (20 mg/kg BW/day
for 3 days). (110, 114, 115, 121)

2.3 Cestodes

Infections with Taenia, a genus belonging to the fam-
ily of tapeworms, is of no consequence for the human
liver and bile ducts. • In contrast, echinococcosis is a
helminthic infection of major clinical significance.

� Hepatic hydatids were reported for the first time by
F. Ruysch in 1691. • The pathogens responsible for echi-
nococcosis are found worldwide and comprise four dif-
ferent species: (1.) Echinococcus cysticus (E. granulosus,
E. hydatidosus), (2.) Echinococcus alveolaris (E. multi-
locularis), (3.) Echinococcus oligarthrus, and (4.) Echino-
coccus vogeli. All forms of echinococcosis differ greatly
with respect to epidemiology, pathomorphology and
clinical findings. • E. oligarthrus and E. vogeli have been
identified in isolated cases in Africa and South America.
So far, only a few instances of parasite diseases have
been reported in humans. E. vogeli is the cause of poly-
cystic echinococcosis.

2.3.1 Echinococcus cysticus

With a frequency rate of over 90%, E. cysticus (E. gra-
nulosus) is the major causative pathogen of echinococ-
cosis and is encountered frequently in countries where
intensive cattle breeding is common. (137, 147, 163) • The
principal hosts (final hosts) of the dog tapeworm are
various canine species such as dogs, wolves, jackals and
hyenas. Sheep, pigs, cattle, horses and deer serve as
intermediate hosts. Humans infected by the principal
host serve as false intermediate hosts (secondary host),
since the developmental process of the dog tapeworm
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cannot be brought to an end in humans. • Echinococcus
cysticus is 3�6 mm long and is generally made up of 3
(�7) proglottids. The eggs are discharged into the intes-
tinal lumen in each case from the last proglottid. The
head (scolex) is equipped with 4 suckers and a double-
hooked crown. Humans are infected by oral ingestion
of Echinococcus eggs (embryophores), 30�40 µm in
diameter, which are present in the stool and sputum of
infected dogs. The larvae (oncospheres) are released in
the intestine, where they penetrate the intestinal wall
and gain access to the portal system. Within 3�4 hours,
they reach the liver. Approximately 70% stay in the liver,
while the remaining 30% are transported into the lungs
and via the arterial circulation into the brain, spleen,
bone, kidney and other organs. • The larvae encyst and
form fluid-filled cysts or hydatids (cysticercus) with a
three-layered wall. The outer, milky-white lamellar layer,
about 1 mm thick, is a PAS-positive chitin membrane;
the middle layer is a hyaline membrane, and the inner
wall constitutes the germinal layer, 10�15 µm thick,
where internal brood capsules are formed, initially with-
out, but later with scolices. These capsules may rupture
and release protoscolices as “hydatid sand” into the
hydatids. Other brood capsules are formed which grow
outwards through the hydatid wall and subsequently
become “free” daughter cysts. (s. figs. 25.15) Through
hydatid rupture (e. g. surgery, puncture), the partly free-
floating scolices are disseminated, resulting in the for-
mation of secondary cysts (E. multicysticus). The
release of allergenic hydatid fluid may cause a strong
anaphylactic reaction. • The hydatids grow ca. 0.5�1.0
(�5.0) cm/year and only lead to clinical symptoms after
a number of years. In 7�10% of cases, the cysts may
disappear spontaneously or remain unchanged. The
secondary cysts frequently perish in human beings,
remaining only in a sterile and calcified form. (s. fig.
25.19) • If the main hosts ingest organs containing hyda-
tids with mature head structures, the developmental
course will be completed, i. e. tapeworms are again
formed in the intestine of the final host, and eggs are
excreted. (157)

Fig. 25.15: Morphology of a hydatid cyst (E. cysticus) in the liver
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Clinical symptoms appear after 3�5 years at the earliest,
the peak of their manifestation being in the 3rd decade.
The patients occasionally complain of fatigue, food
intolerance, pruritus, loss of weight and episodes of
fever. Further symptoms depend on the localization,
size and growth of the hydatids. The liver is nearly
always affected, most frequently the right lobe. With
increasing hydatid growth, the right epigastrium or cos-
tal arch may show protrusion; in cranial localization,
the right diaphragm is elevated. When the left lobe is
affected, the increase in hydatid size leads to epigastric
protrusion. Depending on the mechanical situation, a
sensation of pressure and repletion as well as pain is
felt by the patient. With the exception of eosinophilia
(30�40% of cases) and an occasional increase in γ-GT
and transaminases, laboratory parameters are not par-
ticularly striking. When the bile ducts are compressed,
there is an increase in the enzymatic markers of chole-
stasis, and mild jaundice may be witnessed. (131, 163)

Diagnosis is based on sonography, possibly with 4 or 6-
stage classification. (s. figs. 6.11, 25.16) (137, 157, 163, 170)
(s. p. 174) Additional information may be yielded by CT
(s. fig. 25.17), MRT (140, 154, 159, 161) (s. p. 156) and by
routine X-ray of the chest and abdomen (elevated right
diaphragm, reduced respiration-related movement of the
diaphragm, pleural effusion, pulmonary foci, evidence
of calcification). (s. fig. 25.18) Hydatids can be iden-
tified in the large bile ducts by ERC. Angiography (only
indicated in individual cases) shows a poorly vascular-
ized area with a discolouration of the capsule.

Fig. 25.16: Echinoccus cysticus (stage IIB): bizarre conglomerate
with peripheral daughter cysts

Laparoscopically, (134), the cyst appears on the liver sur-
face with an irregularly thickened capsule and moder-
ately diffuse vascular irritation (no vascular breaks).
Slight fibrinous exudates may be seen at the adjacent
peritoneum. (s. fig. 25.19) Palpation with the palpatory
rod reveals a distended elastic consistency. Although
puncture is considered to be dangerous, it is nonetheless
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frequently performed for diagnostic and therapeutic
reasons (166, 170); it is less dangerous when carried out
under laparoscopic surveillance.

Fig. 25.17: CT showing Echinococcus cysticus in the liver

Fig. 25.18: Calcified Echinococcus cysticus in the liver

Fig. 25.19: Laparoscopic view of a large Echinococcus cysticus
hydatid in the right lobe of liver: irregularly thickened hypervascu-
lar capsule. Fibrin deposition at the adjacent peritoneum. Dis-
tended elastic consistency
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Serological tests (Em-2-ELISA, indirect haemagglutina-
tion, indirect immunofluorescence) are positive in some
85%�95% of cases. All tests may yield false-positive or
false-negative results. The tests are negative if the hyda-
tid shows no leak or contains no or only dead scolices.
Differentiation of the species is effected successfully by
Western blot. (147)

Complications in the form of a rupture into the free abdo-
minal cavity (with anaphylactic shock) (155, 156, 159), bile
ducts (174), duodenum, large intestine, pleura and lungs
have been reported, as has the Budd-Chiari syndrome
after rupture into the liver veins and bronchobiliary fistu-
las. (162, 168) Secondary infection may appear following
damage to the cystic wall, presenting the clinical picture
of a liver abscess. Rare manifestations comprise forma-
tion of gallstones in the cysts, obstructive jaundice (148),
obstruction of the inferior vena cava (153) or glomerulo-
nephritis as an immunological reaction. Complications
may also occur as a result of localization and growth in
other organs (brain, lung, kidney, bones or spleen). (s. fig.
25.20) (135, 152, 171, 177, 178)

Fig. 25.20: Hydatid cyst of Echinococcus cysticus in the spleen

Treatment of choice is surgical removal of the hydatid
cyst (pericystectomy) following systemic pretreatment
with albendazole, possibly with concurrent partial liver
resection. Surgical deroofing is easy to perform and, in
contrast to other minor surgical interventions, univer-
sally applicable. (127, 130, 136, 141, 142, 151, 160, 163, 167,
169, 176) For intraoperative destruction of the scolices,
the cyst may, before resection, be injected with a
10�30% common salt solution, a highly concentrated
glucose solution, hydrogen peroxide, alcohol (90%),
PVD iodine (10%), cetrimide (0.5%) or even mebenda-
zole. • Percutaneous aspiration or drainage treatment
was reported to be successful. (126, 129, 132, 143, 146, 150,
163, 166, 167, 169, 175) The PAIR procedure (puncture/
aspiration/injection/reaspiration) (M. Gargouri et al.,
1990) has proved generally effective when using a sodium
chloride solution (20%, 10 min) and ethanol (95%, 10
min). The two solutions can also be administered suc-
cessively. These therapeutic measures can be performed
with a higher degree of reliability under laparoscopic
control (M. Ertem et al., 1998). • Medicamentous treat-
ment consists of mebendazole (40�100 mg/kg BW daily
in 3 single doses) together with meals of a high fat
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content, initially for a period of 4�6 months, but in
most cases for life. It is essential to have a guaranteed
serum level of >10 ng/ml or a plasma level of >200
mmol/l for approx. 4 hours after the morning intake; a
higher plasma level is attained by additional administra-
tion of cimetidine. The dose is adjusted daily in accor-
dance with the control values in the serum. Albendazole
(2 � 400 mg/day for 4 weeks, followed by a therapy-
free period of 2 weeks and a new treatment cycle) and
fenbendazole as well as a combination chemotherapy
with albendazole and praziquantel (50 mg/kg BW) have
also proved effective. (127, 128, 138, 139, 144, 145, 149, 150,
158, 163�165, 167, 173)

2.3.2 Echinococcus alveolaris

The principal host of E. alveolaris (E. multilocularis) is
the fox; more rarely, the dog and the cat are infected as
well. Intermediate hosts include the common field
mouse and other wild animals. Humans can also be
infected as intermediate hosts. (137, 147) • This tapeworm
inhabiting the small intestine has a length of 1.0�3.5
mm and possesses five proglottids. Infection with eggs
results from consuming contaminated food (wild ber-
ries, windfall fruit, vegetables) and from contact with
fox pelts. E. alveolaris can be found worldwide, particu-
larly in the various endemic areas. Apart from these
endemic areas, there are “hyperendemic” regions, where
the prevalence is 1:1000. • The development cycle is iden-
tical to that of E. cysticus. In 90% of cases, only the
liver is affected. The cysticercus, however, grows in an
infiltrative, destructive manner from organ to organ, i. e.
the growth pattern shows tumour-like aggression. Meta-
static spread is systemic (especially lungs, brain, bones)
and lymphogenic. Many daughter cysts, up to the size
of a hazelnut and coarse in structure, are formed on the
surface of the generally small primary cyst, producing a
crunching noise when cut. These cystoid proliferations
have no proper capsules. Their interiors display necrotic
cavities and colloidal, jelly-like contents. (s. figs. 25.21,
25.22)

Fig. 25.21: Laparoscopic view of multiple Echinococcus alveolaris
hydatids in the right lobe of liver

500

Fig. 25.22: Echinococcus alveolaris hydatid: pseudocyst sur-
rounded by a rim of radially arranged histiocytes. Markedly dam-
aged adjacent liver parenchyma. Small parasitic membranes in the
bright lumen of the pseudocyst (arrow) (HE)

Macroscopy: In terms of macroscopy, alveolar echino-
coccosis presents in two different forms, whereby the
latter is more common:

(1.) pseudometastatic multinodular form (� generally
isolated, white, hard nodules on the liver surface with-
out central retractions such as are found in metastases)

(2.) confluent form (� irregular, yellowish-white plaques
on the liver surface)

Diagnosis: Alveolar echinococcosis is a rare, but severe
disease. Diagnostics and therapy resemble that of car-
cinoma. The incubation period is unknown. The latency
period before clinical symptoms appear is 5�15 years.
As with E. cysticus, an early diagnosis is not possible.
However, uncharacteristic ailments can occur earlier
and with greater intensity. From the clinical viewpoint,
there is a discrepancy between the good general state of
health of the patient and the increasingly severe organic
destruction. The outbreak of disease possibly depends
upon the individual immunogenetic predisposition or
resistance. • Over the years, hepatomegaly develops.
Fever, growing malaise and epigastric pain with occa-
sional radiation to the right shoulder are in evidence. In
some cases, right-side pleural effusion, transitory ery-
thema, tingling in the nose and sweats are observed.
Tuberous resistance, as hard as cartilage, may be palp-
able in the area of the liver. • Laboratory examinations
reveal eosinophilia in ca. 40% of cases; inflammatory
parameters (ESR, CRP, leucocytes, α- and γ-globulins)
and enzymatic activities (GPT, GOT, γGT, AP) are gen-
erally elevated. Slight jaundice is sometimes detectable.
The diagnosis is obtained by confirmation of specific
antibodies (e. g. by means of Em1-/Em2-antigen). Thus
a differentiation can be made between the cystic and the
alveolar type of echinococcus. Direct identification of
the pathogen is achieved by means of PCR. • In ultraso-
nography, E. alveolaris is seen as irregularly delineated,
with an echogenic and hypoechoic, inhomogeneous
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internal structure, so that it is often indistinguishable
from a malignant tumour. (140) (s. p. 120) In angiogra-
phy, E. alveolaris also resembles a malignant tumour,
showing a constricting, stretching or corkscrew-shaped
arrangement, irregularities in the walls and convolu-
tions of the arteries. CT and MRT provide a better basis
for differential diagnosis. MRT shows the areas of
necrosis and the periportal or perihepatic spread on T1.
(s. p. 156) • In laparoscopy, white or grey, hard nodular
proliferations up to the size of a hazelnut are visible on
the surface. Sufficient material can be obtained by for-
ceps biopsy (there is no danger of anaphylactic shock).

Complications: The following complications have been
reported: (1.) cholangitis, (2.) obstructive jaundice, (3.)
intrahepatic cholelithiasis, (4.) sepsis, (5.) portal hyper-
tension (oesophageal varices, portal vein thrombosis,
chronic Budd-Chiari syndrome, etc.), (6.) thrombosis of
the inferior vena cava, (7.) amyloidosis, (8.) immune
complex-associated glomerulonephritis, (9.) metastases,
(10.) “acute on chronic” liver insufficiency or acute liver
failure, and (11.) bronchobiliary fistula.

Treatment: Treatment of E. alveolaris has no influence
on the generally poor prognosis. In isolated cases with
an early diagnosis, some improvement has been attained
by extensive surgical procedures (e. g. en bloc resection
of the liver with lymphadenectomy). At best, this
method is applicable in 20�40% of patients. As a rule,
however, no successful surgical intervention is possible
because of the advanced hepatic infiltration. • Ortho-
topic liver transplantation, already reported in more
than 40 incurable cases, would, therefore, seem to be
the last resort. An indication is given if the lesions are
inaccessible and thus cannot be removed by partial
resection of the liver, in cases of chronic Budd-Chiari
syndrome or in secondary biliary cirrhosis, and if no
metastases are present. The survival rate after liver
transplantation is about 65% after 5 years. Late mortal-
ity may be attributed to relapses in the transplant or the
formation of metastases. (133) • Medicamentous therapy
(mebendazole) starts some 4 weeks before surgery and is
continued until the normalization of serologic param-
eters, if necessary in adequate dosage lifelong. • The 10-
year survival rate of inoperable patients could be im-
proved with the aid of consistent and continuous chemo-
therapy (mebendazole, albendazole) by up to 85% (as
compared to 10% without this therapy). (126, 137, 141, 147)
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26 Mycotic infections and the liver

� The clinical diagnosis of any mycosis requires proof of
the pathogenic fungus and, as far as possible, additional
differentiation by fungal culture. • Endogenous mycosis is
a fungal infection caused by saprophytic fungi � nor-
mal inhabitants of the gastrointestinal tract � especially
as secondary mycosis following other immunocom-
promising diseases. • Exogenous mycosis is caused by
primary pathogenic fungi: it may be localized or gener-
alized, and it may show a preference for certain tissues
or systems. • Systemic mycosis shows widespread dis-
semination, predominantly affecting particular organs
and tissues; it may originate from endogenous or exoge-
nous mycosis. • Thus, a mycotic disease of the liver and
biliary tract is always systemic.

1 Predisposing factors

Hepatic or biliary mycosis is only likely to occur with a
deficiency of the endogenic defence response. However,
in isolated cases, discussion has also centred on locally
impaired defence mechanisms (e. g. after ERCP (17),
choledocholithiasis, papillotomy) which cause or ex-
acerbate an existing mycotic focus. There have been sev-
eral cases without any noticeable immunosuppression
(e. g. aspergillosis and candidosis). The occurrence of
systemic and organ mycosis is causally related to many
factors or events leading to a reduced immune response,
especially the clearance function of the hepatic RES.
Saprophytic fungi thus become opportunistic patho-
gens, which, like exogenous primary pathogenic fungi,
gain the upper hand over the body’s defence system. (s.
tab. 26.1)

2 Pathogens

Hepatobiliary organ mycosis may be caused by several
fungal species, whereby the Candida species by far out-
number the others. With the exception of Candida sp.
and Mucor sp., all hepatotoxic fungi have an airborne
route of infection. (s. tab. 26.2)

3 Diagnosis

Even though hepatobiliary mycosis is a rare occurrence
in terms of numbers, the possibility of mycotic infection
should always be considered in the presence of predis-
posing factors or respective events. • Signs of such a
complication include additional complaints (e. g. loss of
appetite, increasing malaise, tenderness in the right epi-
gastrium) or clinical symptoms (e.g. fever of unknown
origin � especially in non-response to antibiotics �
hepato(spleno)megaly) and laboratory parameters (e.g.
increase in transaminases, alkaline phosphatase, serum
bilirubin, ESR, CRP, decrease in ChE). (s. tab. 27.4)
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1. Medicaments
� immunosuppressants
� glucocorticoids
� cytostatics
� antibiotics

2. Immunological diseases
� e. g. AIDS, collagenosis

3. Haematological diseases
� e. g. leukaemia, aplastic anaemia

4. Malignant diseases
5. Organ transplantation
6. Severe hepatic dysfunction
7. Serious acute diseases

� e. g. pancreatitis, endocarditis, peritonitis
8. Chronic renal diseases

� e. g. glomerulonephritis, dialysis
9. Intensive care

� e. g. artificial respiration, parenteral feeding
10. Infectious diseases

� e. g. salmonellosis, tuberculosis
11. Diabetes mellitus
12. Burns
13. Major surgery
14. Prepartal and postpartal complications
15. Chronic alcoholism
16. Malnutrition
17. Ileus
18. Tooth extraction
19. ERCP, papillotomy

Tab. 26.1: Predisposing factors for organ mycosis, including the
liver and biliary tract

Ultrasound and CT only reveal hepato(spleno)megaly or
suggest multiple foci similar to small abscesses, possibly
in the form of a “snowstorm” � and occasionally bili-
ary congestion as a result of obstruction due to fungal
masses. (1, 2, 13, 15, 25, 26, 28, 29) • MRI is a better diag-
nostic tool (85�100%) � equally reliable information
was also obtained with MRI when monitoring the treat-
ment and follow-up of hepatolienal mycoses. (7)

These hints of hepatolienal mycosis can be confirmed
by liver biopsy or fine needle biopsy. (9, 18, 20, 51, 52) In
this respect, however, only a small area is examined by
the puncture technique, with the result that negative his-
tological findings are not always representative of the
liver as a whole. Diagnostic reliability is, of course, in-
creased by taking 2 or 3 biopsy samples from the two
lobes of liver during laparoscopy. (s. pp 157, 161) • Con-
clusive proof of mycosis is obtained by (1.) microscopic
examination, (2.) serological tests or immunoassays, and
(3.) fungal culture.
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1. Candida species
� C. albicans, C. glabrata (22), C. krusei

C. parapsilosis, C. tropicalis
2. Aspergillus species

� A. flavus, A. fumigatus, A. niger
3. Blastomyces species

� B. brasiliensis, B. dermatitidis
4. Trichosporon species

� T. beigelii, T. capitatum
5. Cryptococcus neoformans
6. Coccidioides immitis

Paracoccidioides brasiliensis
7. Histoplasma capsulatum
8. Torulopsis glabrata
9. Mucor indicus

10. Prototheca wickerhamii
Prototheca zopfii

11. Coniothyrium fuckelii

Tab. 26.2: Fungal species causing hepatobiliary organ mycosis in
the presence of predisposing factors

4 Morphological findings

Systemic organ mycosis is characterized by different
manifestations in the area of the liver or biliary tract.
The manifestations vary depending on the type of
mycosis, and indeed some of them have only been seen
in certain mycosis forms. The following morphological
findings have been reported:

1. Granulomas
Granulomatous suppurative or caseating foci

2. Microabscesses and small abscesses
3. Cholangitis
4. Hepatitis

� portal, often eosinophilic cellular infiltration
� focal inflammatory lesions
� single-cell necrosis

5. Mesenchymal reactions
6. Splendore-Hoeppli phenomenon (s. p. 397, 497)
7. Biliary obstruction by fungal conglomerates

5 Hepatobiliary organ mycoses

5.1 Candidosis
� Some of the facultative pathogenic Candida species are extremely
common pathogens responsible for mycosis of the hepatobiliary sys-
tem. (s. tab. 26.2) This candida mycosis, also called thrush or monili-
asis, is a typical opportunistic mycosis, generally known about more
than 140 years ago as the “disease of the sick”. The human intestinal
tract serves as a reservoir for pathogens in the body. As a rule, thrush
initially manifests in the area of the oral and pharyngeal mucosa.
Depending on the degree of impairment of the body’s own defence
mechanisms, the candida infection can disseminate further into the
tracheobronchial system and gastrointestinal tract, where it pene-
trates the intestinal wall and, via the vascular system, affects other
organs (liver, lungs, spleen, bone marrow, eyes, CNS, endocardium)
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as well; it may also spread systematically, possibly as septicaemic
candidosis. (11)

In most cases, the liver and spleen are concurrently and
similarly affected, especially in the form of microab-
scesses (� hepatolienal candidosis). A greater risk of
candidosis exists for patients with severe hepatic dys-
function, in particular cirrhosis or acute liver failure (5,
19, 32), after marrow or liver transplantation (3, 6, 8) and
with leukaemia or carcinoma. (1, 4, 31) Fever of un-
known origin and non-response to antibiotics are sug-
gestive of systemic candidosis. Alkaline phosphatase is
always elevated. (14, 21, 24, 25) • Morphological findings
include granulomas (12, 20, 21, 30), hepatitis-like lesions
(18), microabscesses (1, 2, 4, 28), cholangitis (16), biliary
obstruction by fungal conglomerates (10, 22, 23) and peri-
hepatic adhesions. (12) • Sonography shows multiple
small abscesses (> 5 mm in diameter), which are usually
detectable as hypoechoic areas and target zones; how-
ever, aetiological clarification is not possible. “Wheels
within wheels” is considered to be more characteristic:
a round, hypoechoic (fibrosis-related) focus shows an
inner hyperechoic (inflammation-related) zone, which,
in turn, exhibits an inner hypoechoic (caseation-related)
area. (26) Sonographic clues to candidosis of the (gen-
erally enlarged) liver and spleen (9, 13, 15, 24�28) are fur-
ther underpinned by computer tomography and MRI,
using gadolinium as a contrast medium. Cytological or
histological clarification and cultural or serological tests
as well as DNA analysis (PCR) are now indicated.
Lethality is 40�50%.

5.2 Aspergillosis
� Environmental reservoirs for the Aspergillus species (s. tab. 26.2)
include damp cellars and old stone walls, soil in flowerpots (thus
possibly in hospital rooms!) and mouldy food. The aflatoxins of
the mould Aspergillus flavus (e.g. in mouldy nuts) are deemed to
have a high carcinogenic potential.

The aspergillus spores enter the body through airborne
transmission, nearly always via the respiratory tract.
Under normal conditions (good defence response, no
excessively high germ count), aspergillus is eliminated.
In cases of reduced body-own defence (s. tab. 26.1), the
mucosa is affected more severely, and after vascular
invasion, generalized aspergillosis also occurs. The lungs
are mainly affected in the form of bronchopulmonary
aspergillosis, aspergilloma or aspergillus pneumonia.
Generalization may likewise affect other organs, such as
the liver and spleen. Focal lesions can be detected by
imaging techniques. (35, 37) Disseminated aspergillosis
has also been reported in acute liver failure. (36, 38)
Following liver transplantation, aspergillosis is a feared
and relatively frequent complication (6�10% of cases).
(3, 8, 33, 34, 37)

5.3 Blastomycosis

Blastomyces species cause South American (B. bra-
siliensis) and North American (B. dermatitidis) blasto-
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mycosis (s. tab. 26.2), the budding forms of which are
also found in body tissue. The pathogens are mainly
transmitted via the respiratory tract, which explains why
bronchopulmonary infections clearly predominate. Yet,
multiple organ involvement, particularly with Blasto-
myces dermatitidis, is also known.

A case report of blastomycosis of the hepatobiliary sys-
tem describes the following conditions: (39) development
of chronic cholangitis in the area of the left hepatic duct
with encroachment of the mycotic inflammation to the
left lobe of liver in cases of predisposing and/or pre-
existing choledocholithiasis; histological evidence of
liver granulomas and periportal fibrosis; marked
increase in alkaline phosphatase and γ-GT. (40)

5.4 Trichosporosis

Systemic infection induced by the Trichosporon species
(s. tab. 26.2) may lead to sepsis and, in the liver, to
marked hepatitis-like findings, granulomas and micro-
absesses. Laboratory tests revealed an increase in trans-
aminases, alkaline phosphatase and bilirubin. Diagnosis
was confirmed by liver biopsy and fungal culture. (41, 42)

5.5 Cryptococcosis

Mycosis caused by Cryptococcus neoformans, also
termed European blastomycosis, is airborne and reaches
the organism via the respiratory tract. The source of
infection is mostly bird excrement, especially pigeon
droppings. The pathogen consists of large round yeast
cells, 10 µm in diameter, surrounded by gelatinous cap-
sules. It can be selectively demonstrated by mucicarmine
staining or Chinese ink.

In generalized cryptococcosis, hepatitis-like findings,
simulating a surgical emergency (47) or causing peritoni-
tis (44) and cholangitis (43), were reported; in a further
case, the clinical picture of primary sclerosing cholan-
gitis was imitated. (45) Cryptococcosis is mainly found
in AIDS patients. Both acute liver failure and liver cir-
rhosis have also been provoked by cryptococcosis. (46,
48) Proof is obtained by histological and microscopic
examination as well as by fungal culture, and, if neces-
sary, by serological tests.

5.6 Coccidioidomycosis

The mycelial fungus Coccidioides immitis, affecting both
humans and animals, is rarely encountered in Europe,
whereas endemic areas are known in America. • In this
context, coccidioidomycosis (Paracoccidioides brasili-
ensis) should also be mentioned.

In disseminated coccidioidomycosis (A. Posada, 1894),
lung involvement is predominant; however, in 45�60%
of cases, autopsy findings showed the liver to be affected
as well. The principal manifestations are granulomas
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and small abscess-like foci. Clinical findings generally
include fever, hepatomegaly and eosinophilia as well as
an increase in transaminases and occasionally in serum
bilirubin. Liver biopsy provided the diagnosis in almost
all cases. (49�54)

5.7 Histoplasmosis
� Disseminated infection with Histoplasma capsulatum is a form
of mycosis frequently found in North and South America, but
rarely in Europe. It affects both animals and humans. Henhouses
and caves inhabited by bats are ideal breeding grounds. Infection is
usually by inhalation of dust, which is why the lungs are primarily
affected. In body tissue, the pathogen is demonstrable as yeast
cells, 3�5 µm in diameter, mainly localized intracellularly. As a
rule, pulmonary infection runs a mild course with a good healing
tendency.

Lymphogenous dissemination from the primary pulmon-
ary focus, however, leads to serious generalized disease in
the form of chronic, slowly progressive reticuloendo-
theliosis with fever, lymphadenopathy and splenomegaly.
With liver involvement (organ mycosis), there is evidence
of hepatomegaly with many epithelioid cell granulomas,
some with central necrosis. These granulomas may subse-
quently become fibrous and even calcify. The fungus can
be demonstrated in the RES cells and in the granulomas
by PAS staining or silver impregnation. Histoplasmosis
can remain latent in the body for decades before being
reactivated. (55�58)

5.8 Torulopsosis

Of the approximately 36 Torulopsis species known so
far, T. glabrata, also classified as a Candida species, is a
human pathogen. Dissemination leads to colonization
of the fungus in many organs and the development of
liver abscesses. Severe hepatobiliary torulopsosis was
also diagnosed in one patient with diabetes and bile duct
stricture, secondary to chronic pancreatitis. (59)

5.9 Mucormycosis

Mucormycosis of the liver is a rare condition. In one
reported case, widespread dissemination of Mucor indi-
cus, resulting from isolated ileocoecal mucormycosis
with markedly reduced body-own defence, led to liver
infection with multiple abscesses. A serious clinical pic-
ture with fever, hepatomegaly and icterus developed.
The multiple abscesses could be identified by CT and
the fungal infection confirmed by microscopic examina-
tion or cultures of biopsy specimens. (60�62)

5.10 Protothecosis

Of the many Prototheca species, only P. wickerhamii and
P. zopfii cause disease in humans. Infection only occurs
when the body’s defence system is seriously impaired.
Liver involvement is rare. In one noteworthy case, a
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severe feverish hepatobiliary disease simulating scleros-
ing cholangitis, as demonstrated by ERC, was reported.
Liver biopsy showed portal infiltration with eosino-
philic cells and granulomas as well as fibrosis. (63, 64)

5.11 Coniothyrium mycosis

Liver infection with Coniothyrium fuckelii in a female
patient with leukaemia was reported for the first time in
1987. (65) The acute clinical picture consisting of fever,
arthralgia and myalgia, nightly sweats, increased inflam-
matory parameters and enhanced alkaline phosphatase
could be identified, after extensive examination, as a
fungal infection of the liver. Histology revealed focal,
partly granulomatous inflammatory lesions, from which
C. fuckelii was demonstrated by culture.

6 Therapy

The fungistatic therapy, which has been used so far,
includes (liposomal) amphotericin B, also in combin-
ation with 5-fluorocytosine, fluconazole, ketoconazole
and itraconazole.

The possibility of mycosis should be considered in all
those patients with liver disease and reduced body-
own defence who are experiencing growing malaise
and fever!
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27 Liver abscess

1 Definition

The term liver abscess describes a circumscribed,
often encapsulated, purulent inflammation with
necrosis of the local parenchyma caused by a
multitude of pathogens (bacteria, protozoa, hel-
minths) and fungi. Liver abscesses can be detected as
a solitary or multiple occurrence. Microabscesses are
also witnessed, diffusely affecting the entire liver,
sometimes as the outcome of purulent, suppurative
cholangitis.

2 Pathogenesis

Infection can develop in five different ways, whereby a
weakening of the body’s defence system enormously
heightens susceptibility. (13, 42, 91) (s. tab. 27.1)

1. haematogenic: via the proper hepatic artery in severe
septic processes (e. g. furunculosis, osteomyelitis) as
a metastatic-pyaemic liver abscess, or via the portal
vein as a pylephlebitic liver abscess (such as in ap-
pendicitis, colitis, diverticulitis), and occasionally
via the umbilical vein as omphalophlebitis

2. biliary: via the bile ducts, arising from cholecystitis
or cholangitis as well as from the invasion of para-
sites or foreign bodies

3. per continuitatem: spread of inflammatory pro-
cesses to the adjacent areas (e. g. gall-bladder empy-
ema, subphrenic or perinephritic abscess)

4. posttraumatic: following injuries to the liver or as a
result of intrahepatic haematoma

5. postoperative

Tab. 27.1: Access routes leading to the development of liver ab-
scesses

3 Pathogens

Fundamental differentiation may be made between four
types of liver abscess, depending on the aetiology:

1. bacterial abscess 3. helminthic abscess
2. protozoal abscess 4. fungal abscess

The causative pathogen can be detected directly from
the abscess or by cultures set up from the blood or bile,
sometimes even from the urine or stool. It can also be
detected microscopically (e. g. evidence of parasites or
their eggs and larvae) and sometimes serologically or
sonographically (e. g. Ascaris lumbricoides, s. figs.
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25.5�25.8). In order to reach a diagnosis, it is necessary
to select the examination method which is most suitable
for the detection of the respective pathogen. When
applying suitable bacteriological techniques, anaerobes
can be found in 30�40% of cases. Solitary liver
abscesses (63%) displayed a polymicrobial pathogenic
spectrum in twice as many cases as did multiple
abscesses (30%). (13) Streptococcus milleri is a very com-
mon cause. (72) It can be cultured in a carbon dioxide-
enriched medium. (s. tab. 27.2)

Bacteria (12, 21, 24, 27, 32, 36, 39, 70, 87, 91, 97)

Gram-negative aerobes
Acinetobacter
Brucella species (86, 107)
Campylobacter jejuni (14)
Citrobacter freundii
Edwardsiella tarda (116)
Eikenella corrodens
Escherichia coli
Klebsiella species (19)
Proteus species
Pseudomonas species (108)
Salmonella species (35, 95)
Yersinia species (1, 6, 26, 49, 58, 105)

Gram-positive aerobes
Listeria monocytogenes (63, 84)
Mycobacterium tuberculosis (18, 43)
Pediococcus acidilactici (93)
Staphylococcus (38, 109)
Streptococcus pneumoniae (61)
Streptococcus species (64, 72)

Gram-negative anaerobes
Aeromonas hydrophilia (96)
Bacteroides species
Fusobacterium nucleatum (90)

Gram-positive anaerobes
Actinomyces (9, 69)
Clostridium species
Diphtheria species
Lactobacillus (11)
Peptostreptococcus
Streptococcus anaerobius

Protozoa
Amoebiasis

Helminths
Ascaris lumbricoides
Fasciola hepatica

Fungi
Aspergillosis
Candida species (92)
Mucormycosis
Torulopsis glabrata
Trichosporon species

Tab. 27.2: Main pathogens (bacteria, protozoa, helminths, fungi)
of liver abscesses and microabscesses (with some references) (see
chapters 24, 25 and 26)
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4 Causes

The frequency of cryptogenic liver abscesses (at one
time 30�40%) has now been reduced to 10�15% as
a result of modern contrast-medium imaging pro-
cedures and improved or more advanced serological,
bacteriological and parasitological methods. Improved
diagnostic clarification of the clinical picture in terms
of respective pathogens and other causes has con-
tributed to better treatment results and a clear drop
in mortality. (91, 113)

1. Biliary diseases
� cholecystitis
� cholangitis
� cholelithiasis, choledocholithiasis (5, 31)
� biliary tract surgery (16, 65, 111)
� parasitosis
� malignant tumours (114)
� strictures
� Sump syndrome following choledochoduodenostomia

2. Intestinal diseases
� appendicitis with perityphlitic abscess
� diverticulitis (79, 110)
� colitis
� Crohn’s disease (7, 29, 52, 62, 68, 73, 89, 102, 106)
� malignant tumours (104, 114)
� intestinal surgery

3. Gastric diseases
� perforation of an ulcer
� gastric surgery

4. Pancreatic diseases
� pancreatitis (3, 82)
� pancreatic carcinoma (114)
� pancreatic surgery

5. Trauma, abdominal injuries
6. Abscesses of adjacent organs

� perinephritic abscess
� subphrenic abscess
� retrocaecal abscess
� gall-bladder empyema
� gall-bladder carcinoma (114)

7. Parasitoses
� amoebiasis
� Fasciola hepatica
� Ascaris lumbricoides

8. Thrombophlebitis
� portal vein (pylephlebitis)
� umbilical vein (omphalophlebitis)

9. Alcohol injections for HCC (28, 44, 75, 94)
10. Leukaemia
11. Chronic granulomatosis (37, 41)
12. Arterial embolization (88)
13. Ligature of the hepatic artery (46, 101)
14. Haemosiderosis and yersiniosis (6, 105)
15. Haemorrhoidectomy (76)
16. Infected liver cysts and echinococcus cysts
17. Passage of a swallowed toothpick (2, 47) or fish bone

through the stomach into the liver
18. Cryptogenic diseases

Tab. 27.3: Underlying diseases causing the development of liver
abscesses (with some references)
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The spectrum of causative diseases in the development
of a liver abscess has changed significantly over the past
10 years, as have the respective frequency rates. The
perityphlitic abscess, once predominant in appendicitis,
is now relatively rare; in contrast, traumatic injuries to
the liver or adjacent organs as a result of accidents have
increased in frequency (some 10%); the biliary infection
route has acquired much greater significance (35�40%).
Of note is the rising number of liver abscesses caused
by the Yersinia species in patients suffering from haemo-
siderosis or haemochromatosis, or following long-term
substitution of iron, since the metabolism of the Yersin-
iae is iron-dependent. • With regard to all these caus-
ative factors, a weakening of the body’s own defence sys-
tem (s. tab. 26.1), such as in diabetes mellitus and
alcoholism or during a course of treatment with im-
munosuppressants, glucocorticoids and chemotherapeu-
tic agents, increases the risk of infection. (13, 15, 25, 57,
71, 90) The causes of abscesses hitherto reported have
been numerous and diverse. (48) (s. tab. 27.3)

5 Clinical picture and diagnosis

5.1 Clinical findings

In clinical terms, continuous or intermittent fever pre-
dominates. (54) In children with fever of unknown aeti-
ology, a liver abscess should always be considered when
setting up the differential diagnosis. Additional signs of
febrile infection include bursts of perspiration, night
sweats, lack of appetite, loss of weight, nausea, weakness
and a general malaise. Local symptoms are abdominal
pain in the right upper quadrant, radiation of pain to the
right shoulder, occasional respiratory pain on the right
side and irritable (dry) cough. The liver is often enlarged
and tender on pressure; guarding of abdominal muscles is
usually in evidence. (54) The clinical course can proceed
gradually, yet may also show dramatic symptoms (e. g.
shivers, sepsis, jaundice, shock), especially in the case of
purulent cholangitis.

5.2 Imaging procedures

Sonography is the method of choice for identifying a
liver abscess (sensitivity 71�92% for foci > 1.5 cm). Fre-
quently, especially with small and multiple foci, the liver
structure is initially inhomogeneous; clearly definable
focal lesions only develop during the further course of
disease. As a rule, sonographic morphology shows circu-
lar foci which are hypoechoic to anechoic. The echo-
genic focus usually appears as fluid-filled with several
internal echoes. Sometimes, however, a fluid level can
actually be detected. Multiple small abscesses aggregate,
suggesting the beginning of coalescence into a single
larger abscess (� cluster sign). (45) Should no gas be
present in the abscess, a dorsal reduction in sound waves
(� comet tail) is observed. Splenomegaly is frequently



Chapter 27

witnessed. In addition, particularly with mycotic
abscesses, an anechoic focus is visible with a centre that
is rich in echoes (� target phenomenon); such an abscess
occasionally presents an anechoic centre inside the
echo-rich area (� double wheel structure). (15, 17, 18, 33,
40, 58, 109) (s. p. 132) (s. figs. 6.11; 25.1!)

Computer tomography, besides establishing the diagnosis
(in 86�93% of cases with foci > 0.5 cm), also makes it
possible to locate the abscess exactly. (s. fig. 27.1) When
enhanced with a contrast medium, CT can differentiate
an abscess from an intrahepatic metastasis. Pyogenic
and mycotic abscesses are visible as hypodense areas
both in their natural state as well as after administration
of a contrast medium; occasionally, the contrast
medium is visible as a ring-shaped enhancement. A
small amount of ascites may be detectable. With the
help of ultrasonography and computer tomography, it
is possible to carry out guided aspiration or drainage of
an abscess reliably. (15, 58, 71) (s. p. 175)

Fig. 27.1: CT scan shows multiple pyogenic liver abscesses in seg-
ment 4 (a and b) following perforation in diverticulitis (E. coli).
Full recovery

X-ray examination of the chest and abdomen is still
imperative, despite the paramount importance of ultra-
sonography. These standardized routine techniques are
usually applied prior to computer tomography because
of the wide spectrum of findings acquired as well as the
considerably lower costs involved. (13, 36, 80) • In the
case of liver abscess, the following findings can be
detected in the area of the thorax : (1.) lack of diaphrag-
matic motion or right-sided diaphragmatic elevation
(40�65%), (2.) masking of the right-sided phrenicocos-
tal angle, (3.) pleural effusion on the right (40�50%),
(4.) hypoventilation and atelectasis of the right lower
pulmonary lobe, (5.) subdiaphragmatic air-fluid level,
(6.) free air in the subdiaphragmatic area, and (7.)
infiltration of the lungs. • In the abdominal area, the
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following findings are occasionally observed: (1.) evi-
dence of intrahepatic air, (2.) intrahepatic air-fluid level,
(3.) free air in the biliary tract, and (4.) foreign bodies.

Cholangiography: In the event that a biliary cause is suspected,
cholangiography (i.v., ERC, PTC) may be indicated. With PTC,
multiple abscesses mimic the picture of sclerosing cholangitis.
(55, 98)

Angiography is deemed indispensable during the course of pre-
operative preparations for an extensive partial resection of the liver
in order to demonstrate atypical arteries. It can also be helpful in
detecting multiple small abscesses, where vessels as well as hyper-
vascular zones surrounding small avascular areas are typically
pushed aside or displaced.

Scintigraphy, preferably using 99mTc sulphur colloid or 67Ga-cit-
rate, detects a focal lesion with an abscess of >1.5�2 cm in
approximately 80% of cases. (s. fig. 9.2) However, the rate of false-
negative findings is quite high, and differentiation cannot be made
between abscess, tumour, cyst or haemangioma. For this reason,
scintigraphy is of no clinical relevance for diagnosing an abscess.

Magnetic resonance imaging produces different elevations of the
signal intensity in the T2-weighted image in 70�75% and hypoin-
tensity in the T1-weighted image in approx. 60% of cases. A peri-
focal oedema (pointing to an inflammatory process), which
receded rapidly after good response to therapy, was detected in
30�40% of cases. After administration of a contrast medium, over
80% of cases displayed wheelspoke-like enhancement. (67)

5.3 Laboratory parameters

Laboratory investigation reveals signs of infection as
well as liver disease depending on the degree of severity,
the course of disease and the extent of involvement of
the bile ducts. (10, 13, 24, 36, 40, 48, 50, 66, 74, 80, 91, 97, 113)
(s. tab. 27.4)

1. Signs of infection
� changes in the blood count

(leucocytosis, left shift, anaemia)
� BSR �, CRP reaction �
� fibrinogen, LDH �
� serum iron �
� changes in electrophoresis

(α2- and γ-globulins �, albumin �)

2. Signs of liver disease
� GPT, GOT, GDH �
� γ-GT, alkaline phosphatase �
� serum bilirubin �
� cholinesterase, Quick’s value �
� bile acids �

Tab. 27.4: Laboratory parameters in liver abscess(es) depending on
the respective degree of severity and course of disease and on the
involvement of the biliary tract

5.4 Aspiration material

Diagnosis is reached by means of needle aspiration of
the abscess guided by ultrasonography or computer
tomography and subsequent examination of the abscess



Liver abscess

contents. In pyogenic abscesses, it is possible to detect
one or several pathogens in 62�95% of cases. (quot. 70;
85) Gram-negative aerobic bacteria are found in approx.
60% and gram-positive aerobic pathogens in 15�20%
of cases. In order to detect anaerobic bacteria (approx.
20% of cases), utmost care is required when collecting
the anaerobic cultures; so-called sterile cultures are
often due to mistakes made during the process of collec-
tion or are attributable to preceding antibiotic therapy.
The aspiration material should also be tested by selec-
tive culture, since mixed infections resulting from both
bacteria and fungi may be present. In individual cases,
microscopic examination can make it possible to dif-
ferentiate between tumorous and mycotic material. The
respective results determine therapy requirements; with
the help of targeted treatment, greater efficacy can be
achieved.

6 Localization

The right lobe of liver, especially the dorsal segments, is
most frequently involved (60�70%). In 20�30% of
cases, both lobes are affected. Solitary abscesses are
localized in the right lobe of liver in 80�90% of cases.
Multiple abscesses can be observed in approx. 40% of
patients. Subhepatic localization of an abscess was
observed following the perforation of a gastric ulcer (11)
and conventional cholecystectomy. (111)

7 Complications

With pyogenic abscesses, the most frequent complica-
tion is septicaemia and its deleterious sequelae. The
abscess can, however, also penetrate the biliary tract or
the intrahepatic vascular system (59), or rupture into the
abdominal cavity and subphrenic space. (22) Sometimes,
thrombosis of the portal vein develops. Penetration
through the diaphragm into the pleural cavity and the
pulmonary parenchyma is likewise to be feared. Pyo-
genic or mycotic sepsis can also give rise to end-
ophthalmitis, particularly in patients suffering from dia-
betes mellitus. (23, 100) Initial signs of eye symptoms in
the presence of a liver abscess call for immediate
examination by the ophthalmologist and, if necessary,
appropriate treatment. • Gas-forming pyogenic abscess:
Numerous pathogens are capable of gas formation,
especially klebsiella pneumoniae. Such gas reveales four
major constituents: nitrogen, oxygen, carbon dioxide
and hydrogen. This composition implicates mixed acid
fermentation of glucose as the mechanism of gas forma-
tion.

8 Therapy
8.1 Conservative treatment

1. Multiple, small and minute abscesses are not access-
ible to invasive or surgical treatment. Hence it is import-
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ant to sanitize any focus of infection to prevent it from
spreading and to combat the infectious toxic process by
suitable therapeutic measures. A bacteriological analysis
must be obtained as early as possible by aspiration of
the abscess area using a thin needle. Until the patho-
genic result is available, a combination of antibiotics
should be administered which covers the aerobic as well
as the anaerobic spectrum of the most frequent patho-
gens (e. g. E. coli, Proteus, Klebsiella, Bacteroides frag-
ilis, aerobic and anaerobic streptococci, staphylococci).
A suitable combination is cephalosporin � metronida-
zole � aminoglycoside. The combination of aminogly-
coside � clindamycine has also proved helpful. (48)
Once the bacteriological result is available, the antibiotic
combination is altered in line with the antibiogram, pos-
sibly supplemented in the individual case by a fungi-
static agent. The duration of parenteral administration
is 10�14 (�21) days with subsequent oral treatment for
about 3 to 4 weeks. Prior to cessation of the antibiotic
therapy, a check-up should be carried out by ultrasono-
graphy and/or computer tomography. In the case of suc-
cessful treatment, the abscess is either obliterated or at
least significantly reduced. (36, 48)

2. It is probable that antibiotics will reach the interior
of those abscesses which are still relatively small and
have only existed for a short period of time. In these
cases, too, the spectrum of aerobic and anaerobic bac-
teria should initially be covered non-specifically by the
above-mentioned combination of antibiotics. At the
same time, the presence of an amoebic abscess or echi-
nococcosis should be ruled out serologically (as quickly
as possible) and aspirated material collected for bacte-
rial and mycotic testing. Depending on the results, the
respective antibiotic (and possibly fungistatic) therapy
is effected. After 2�3 (�4) days, the efficacy of this
targeted treatment is reviewed clinically and biochemi-
cally as well as ultrasonographically. If the treatment is
considered to have been effective, it is continued until
obliteration of the abscess foci is achieved. (12, 29, 53, 60,
64, 74, 91, 97, 113)

8.2 Aspiration treatment

1. Should initial antibiotic therapy fail to show any suc-
cess within the limited period of 2�4 days (persistence
of fever, leucocytosis, bacteriaemia), percutaneous as-
piration of the abscess contents, if necessary repeated
several times during the next few days, usually proves
successful. Antibiotic therapy is continued during the
course of percutaneous aspiration treatment.

2. In an extremely large abscess, percutaneous aspiration
of the focus with evacuation of the pus is carried out as
an initial measure. Generally, several punctures have to
be performed with respective aspiration of the focal
contents until the abscess cavity is gradually obliterated
under the impact of specific antibiotics. The outcome of
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this form of treatment is considered to be more favour-
able and the concomitant complications (e. g. intraperi-
toneal contamination, bleeding) are less numerous than
with percutaneous drainage. (4, 12, 13, 24, 35, 40, 42, 53, 81,
85, 92, 97, 99, 113, 115)

8.3 Percutaneous drainage
� Percutaneous drainage was initially attempted by A. F. S Mac-

Fadzen et al. in 1953. It was later introduced into clinical routine
by J. R. Haaga et al. (1976) (s. tab. 7.2) using the CT-guided
method. An improved technique was applied by S. G. Gerzof et
al. (1981) and proved very successful in the treatment of liver
abscesses.

Puncture is effected using a teflon-coated 18 (or 20)
gauge needle. After aspiration of the contents, a pigtail
catheter (7 or 8 Charrière scale) is placed in the cavity
of the abscess by means of a guidewire. Subsequently,
the position of the catheter and the abscess cavity itself
are checked by computer tomography to ensure that
there is no septation and that the abscess cavity is com-
pletely drained. Once the catheter has been placed in an
optimal position, the pus is totally evacuated and the
cavity rinsed clean with a physiological NaCl solution.
The original catheter may be replaced later, if necessary,
by one with a wider lumen (14�16 Charrière scale). •
Simultaneous antibiotic therapy is readjusted according
to the bacteriological results and the antibiogram. Add-
itional injection of antibiotics into the abscess cavity can
further improve the efficacy of the parenteral and subse-
quent oral antibiotic treatment.

The drainage can be removed if ultrasonography or
computer tomography show the abscess cavity to be
completely (or extensively) obliterated, if no more fluid
can be detected and if the white blood cell count has
dropped to below 10,000/mm3. This method of treat-
ment of liver abscesses has proved its worth; success
rates are of 70�90%. (8, 24, 25, 30, 34, 40, 42, 53, 54, 56, 66,
72, 77, 81, 83, 85, 99, 111, 112, 113)

8.4 Surgical drainage

Percutaneous drainage may be limited by antelocated
intestinal loops or by abscesses that are difficult to
reach. Similarly, surgery is indicated following unsuc-
cessful percutaneous drainage, in extensive cavernous or
multifocal abscesses, tissue sequestration, formation of
enteral fistula and viscous abscess contents as well as
local recurrences. • With abscess perforation or the exis-
tence of other purulent foci in the abdomen, surgical
intervention is called for immediately.

The surgical approach depends on the location of the
abscess, any abdominal investigation that may be
required, and possible sanitization of a focus. • The
respective access routes are: (1.) transperitoneal, (2.)
extraperitoneal, (3.) in special cases also retroperitoneal
or infrapleural, and (4.) transpleural as well as transdia-
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phragmatic. Evidence of biliary genesis calls for opera-
tive or endoscopic sanitization of the biliary tracts and
safeguarding of the biliary flow, possibly via a T drain
in the choledochus. (8, 24, 42, 53, 54, 72, 78, 85, 99, 113)

Laparoscopic drainage: An alternative to the open surgi-
cal drainage of abscesses can be found in laparoscopic
drainage. This method is deemed to be safe and success-
ful. In a group of 20 patients, there were no intraopera-
tive or postoperative complications. (103) Consequently,
before deciding on open surgery, the possibility of lapa-
roscopic abscess drainage should be considered.

8.5 Liver resection

Liver resection as treatment of a liver abscess is still
reserved for exceptional circumstances. Nevertheless, the
advantages are definitive sanitization of the abscess, an
insignificant degree or indeed absence of peritoneal con-
tamination, short-term postoperative antibiotic therapy
and the possibility of histological clarification in the
event of suspected superinfected malignant tumours.
Moreover, the quality of life is nowhere near as limited
as with the various operative drainage procedures, nor
is the treatment as drawn-out and burdensome. A pre-
requisite for resection is the fundamental operability of
the patient and a residual liver parenchyma that is still
intact. • The indications concerning liver resection are
as follows: large abscess cavities without any tendency
to regression but possibly with rigid walls and septation,
multifocal abscess systems, abscesses of unresolved
status of benignancy/malignancy as well as necrotized
and superinfected malignant tumours. Usually, low-
complication postoperative courses without mortality
have been reported. (51, 78, 80) In some cases, the liver
parenchyma completely regenerates along the edge of
the abscission scar. (80)

9 Prognosis

Prior to the introduction of liver scintigraphy, a mere
20% of liver abscesses were diagnosed antemortem; the
mortality rate was correspondingly 80�100%. Follow-
ing the introduction of scintigraphy in 1965, approx.
80% of all liver abscesses could be diagnosed, so that
the mortality rate dropped to 28%. • Early diagnosis
and the correct choice of aspiration or drainage treat-
ment procedures have further reduced the mortality rate
to below 20%; the rate for solitary abscesses is now
below 10%, sometimes even as low as 3%. • Risk factors
include: advanced age, impairment of the body’s defence
system, sepsis, considerable prior liver damage, increas-
ing hepatic and renal insufficiency, multiple and/or
cavernous abscesses, biliary causes of infection, gas-
forming abscesses � all depending on the situation in
the respective case. (20, 32, 48, 91, 113) • For this reason,
each liver abscess calls for individual therapy planning
discussed at an interdisciplinary level!
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1 The “alcohol” factor

1.1 Use of alcohol

We do not know when and where drinkable grape-juice was
originally pressed from wild vines, nor when and where
wine was produced and enjoyed for the first time following
fermentation and purification. • The oldest find is prob-
ably a grape-squeezer containing grape seeds found in
the region south of Damascus, dating back to the time
around 6000 BC. • Wine consumption and drunkenness
are described in the Epic of Gilgamesh, which goes back to
4000�3000 BC. God told Noah, who is called Utnapish-
tim in the epic, to grow grapevines following the Flood
(around 4000 BC). This he did: “And he drank of the wine,
and was drunken” (Genesis, 9.21). • About 2700 BC, Chi-
nese writings mention the benefits as well as the dangers
of consuming wine. • Many descriptions pertaining to
the consumption of wine (and also beer) as well as to
drunkenness can be found in the rock tombs at El Kab
in Upper Egypt (around 2500 BC), in the Eber´s Papyrus
(around 1550 BC) and in various other discoveries. • A
Babylonian clay tablet from the year 2230 BC shows a
prescription written by a Sumerian physician regarding
the use of wine for medical purposes. The Talmud defines
the correct way to drink wine and praises its medical ap-
plications. However, in the Old Testament, Isaiah (5.11)
expresses his anger saying: “Woe unto them that rise up
early in the morning, that they may follow strong drink;
that continue until night, till wine inflame them!” Homer

was aware of the early onset of drunkenness due to a
rapid intake of alcohol and complained: “Often times did
you wet my garment, infront, at my bosom, spilling wine
from your mouth, in clumsy childishness” (s. p. 60), “The
wine must have been doing you a mischief, as it does with
all those who drink immoderately” (Odyssey, 21.293).
Ovid also admonished: “When drinking, I will set you a
limit: Head and feet must never fail.” The wild drunken
orgies of the unleashed bacchantes, priestesses of Diony-
sus, were dreaded events. Plutarch, however, wrote on
the moderate consumption of wine: “The most exquisite
amongst all beverages, the most pleasant amongst all food-
stuffs, the most appetizing amongst all remedies.” • In the
11th century, pure alcohol was made from strong old
wine for the first time in Southern Italy. From ca. 1250,
this new substance was offered in Italian chemist’s shops
as a panacea and acclaimed as aqua vitae (“water of
life”), aqua ardens (“burning water”), spiritus vini
(“spirit of wine”) or quinta essentia (“fifth essence” �
filling the space between the cosmic bodies). The term
“alcohol” was most probably introduced by Paracelsus

about 1530, from the Arabic word al-kuhl, meaning “the
finest part of something”.
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As far as is known, the time around 6000 BC marks
the beginning of a development in which man became
more and more familiar with the manifold use and
effect of wine or other alcoholic beverages, e. g. as
roborant, tonic, sedative, narcotic, appetizer, aphro-
disiac, disinfectant or an externally applied antiphlo-
gistic. Apart from that, alcohol was an essential part
of festive banquets or religious rituals, but was also
identified as a cause of drunkenness, physical dys-
function, disease and liver damage when consumed
to excess.

1.2 Abuse of alcohol
� Alcohol abuse is defined as overindulgence, i. e. abnormal or
pathological drinking behaviour (according to quantity and mod-
ality). However, there are no generally accepted threshold values
regarding this definition, since intake and metabolism of alcohol
are influenced by many factors varying from individual to indivi-
dual. Apart from that, alcohol metabolism and tolerance mainly
depend on whether the intake is a singular, intermittent or con-
tinuous event. (s. p. 61) Lethal alcohol poisoning generally occurs
at blood alcohol concentrations ranging between 3.1 and 5.6‰
(2.0�3.5 g/kg BW). (85) However, there have been reports of isol-
ated cases in which considerably higher concentrations did not lead
to death. In this context, reduced tolerance (e.g. caused by coex-
istent hepatic disease, organopathies, hypothermia, age, drinking
speed, drinking habits and type of drink) plays an important role.
(4, 69) (s. p. 61) • Excessive alcohol intake to the point of abuse
(with the alcohol dose varying from person to person) is charac-
terized by the occurrence of somatic damage. • Alcohol abuse bears
a certain relationship to the average intake per capita (in litres). In
Germany, annual consumption increased from 3.1 l (1950) to 12.5 l
(1980) and has remained at a level of about 12 l ever since. These
statistics, however, do not take into account the large amounts
of home-made cider or spirits, which cannot be recorded. Other
countries, such as Denmark, Spain, Italy, France and Portugal,
also sadly feature in this “top group” with 12�13 l per capita and
year. At 7�8 l, consumption is, however, considerably lower in the
Netherlands and the U.K., and lowest of all in Norway at 4 l.
Worldwide, alcohol consumption has almost tripled since 1970.
(67) • Alcohol abuse is found in all social strata, with people drink-
ing at social occasions and parties, due to worry or poverty, when
doing business and because of stress as well as success. • Any of
these circumstances can pave the way to abuse. (s. tab. 28.1)

1.3 Addiction to alcohol
� A kind of (low-dose) dependence may also develop when alcohol
is consumed daily, albeit in minor quantities. As a rule of thumb,
alcohol always makes people dependent when consumed on a regular
basis � no matter what the dose may be. • Alcohol addiction com-
prises (1.) physical dependence including increased tolerance as well
as the withdrawal syndrome and (2.) psychological dependence with
an uncontrollable desire for permanent or intermittent alcohol
consumption, reduced self-control as well as changes in behaviour.
(s. tab. 28.1) Alcohol abuse includes addiction without actually
being identical to it. • Neither the brain’s reward system (A. Herz

et al., 1989) nor the addiction memory (J. Böning, 1992) are stimulated
by occasional alcohol consumption. Another explanation for this
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phenomenon could be that there are no alcohol-specific receptors
in the brain and that the effects of alcohol are initiated “on loan”
mainly via the GABAergic and glutamergic systems.

Alpha alcoholism
� Conflict- or relief-related drinking,

no loss of control
� Certain degree of psychological dependence

Beta alcoholism
� Periodic and occasional drinking
� No psychological dependence

Gamma alcoholism
� Drinking in association with psychological dependence,

including loss of control
� Later also signs of physical dependence

Delta alcoholism
� Habitual drinker (continued drinking: with abstinence of

more than 24 hours being impossible), no loss of control
� Physical dependence

Epsilon alcoholism
� Episodic excessive heavy drinking with respective episodic

loss of control (“quarterly drinker”)

Tab. 28.1: Types of alcoholism (E. M. Jellinek)

The term alcoholism (M. Huss, 1852) should only be
used when there are signs of dependence. In Ger-
many, the concept of alcoholism as a disease (C. Trot-

ter, 1780; E. M. Jellinek, 1960) was given official rec-
ognition as early as 1968.

1.4 Alcohol as a cause of disease
� An individual’s susceptibility to disease as well as the average dur-
ation of disease are significantly increased by alcohol abuse. • A
central feature here is alcohol-induced liver damage. • In the area
of the upper intestinal tract, alcohol abuse is assumed to have vari-
ous sequelae: stomatitis, carcinoma of the oral cavity and oesopha-
gus, parotitis, reflux oesophagitis and gastritis. Pancreatic diseases
occur about 20 times more frequently in alcoholics than in the rest
of the population. In 30�50% of chronic alcoholics, dilatative car-
diomyopathy can be observed. In addition, essential hypertension
and cerebral infarct seem to be associated with alcohol abuse.
Bronchopulmonary diseases occur more frequently. In the course
of chronic alcohol abuse, cerebral damage, psychic disorders and
polyneuropathy are observed. As a result, any therapeutic ap-
proach is limited or proves unsuccessful, since alcoholics display-
ing such cerebral damage are no longer willing to understand their
condition and take an active part in the course of treatment. Dam-
age to the immune system is accompanied by endogenous immune
deficiency. Alcoholism is often considered to be a cause of malnu-
trition or undernourishment. Moreover, obesity, gout, latent or
manifest diabetes, hyperlipidaemia, endocrinological disorders as
well as myopathy and osteoporosis may also be anticipated. •
Chronic alcohol abuse shortens life expectancy by 10 to 12 years,
i. e. 9�12% in men and 13�15% in women, compared to the
normal population. Every year, 30,000�40,000 people in Germany
die as a result of alcohol consumption. These may be grouped as
follows: (1.) direct cause of death (acute alcohol poisoning, alcohol
withdrawal syndrome (M. Victor et al., 1953), (2.) typical fatal se-
quelae (hepatic, pancreatic, and heart diseases), (3.) frequently fa-
tal sequelae (hypertension, cerebral complications, pneumonia,
hypoglycaemia, carcinoma, tuberculosis), and (4.) fatal incidents
(accidents, suicide). (67)
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1.5 Costs for the economy
It is impossible to approximate the economic and social costs
arising from alcohol abuse, as these are said to be “inestimable”
or “enormous.” They may, however, be grouped in (1.) quantifi-
able, material costs and (2.) nonquantifiable, non-material costs,
which vary in form and degree in the individual case. • Quantifi-
able costs comprise (1.) social costs pertaining to disease and
therapy (i. e. about 10�11 million days of hospitalization/year,
with each 4th�5th bed occupied due to alcohol sequelae), rehab-
ilitation measures, costs associated with loss of working hours
including any additional costs (e.g. about 25% of wages), 3.5
times as many industrial accidents, about 16 times higher absen-
tee rate, causing losses to employers of ca. 1.6 billion US dollars,
costs due to accidents (workplace, traffic, leisure time, skiing,
fights, etc.), costs arising from criminal offences (estimated figure
30�50%), legal costs, general living costs, administrative ex-
penses and (2.) private costs pertaining to individual persons
and/or their family. • Today, there are an estimated 2.0�2.5
million alcoholics in Germany � while some 4 million people
are believed to be suffering extensively from the consequences
of alcohol abuse, and about 10 million more are thought to be
at risk. Each and every alcoholic is legally entitled to rehabilita-
tion measures. However, no more than 30,000 people are treated
as inpatients per year; for this small figure alone, the costs
already amount to ca. 250 million US dollars. If the claims for
inpatient rehabilitation measures were calculated for the total
number of 2 million alcoholics (assuming this was at all possible
in terms of bed and personnel capacity), the costs would amount
to ca. 22.5 billion US dollars � a sum that would overtax any
state or society. In the outpatient sector, costs are estimated at
ca. 1,000 US dollars annually for each alcoholic. A person
retiring early at the age of 45 due to alcoholism costs the state
ca. 200,000 US dollars. The total average costs for an alcoholic
amount to ca. 30,000 US dollars per year. In the time from
early invalidity retirement to a usually premature death, the
overall costs for the 2 million alcoholics amount to ca. 400
billion US dollars. All in all, the aggregate quantifiable material
costs arising from alcoholism and alcohol abuse range between
24�26 billion US dollars per year, including all measures for
inpatient treatment. (67) • In Germany, ca. 17.5 billion US
dollars are spent annually on alcoholic drinks, resulting in a
“mere” 3.3�3.5 billion US dollars revenue from taxation. •
Realistic prevention programmes have been repeatedly suggested
from all sides. Apart from that, recommendations have also been
made on how to cope (at least partially) with the enormous
secondary costs caused by alcoholism, such as appropriating the
tax revenue from alcohol sales with a simultaneous increase in
duty on alcohol, particularly the duty on wine and beer, as
well as introducing a law requiring the (considerable!) private
production of alcohol to be declared. (67) • All the above men-
tioned figures for Germany apply equally to most other compar-
able societies.

� Although alcohol is considered to be the number
one civilisation drug, it is also an integral part of hu-
man existence, unless its use is prohibited by strict
religious laws or a fundamental attitude to life. A
moderate and careful approach towards alcohol is
thus called for. • As a rule of thumb for the use of
alcohol, one could say: “Drink moderately, but not on
a daily basis.” During abstinence, the liver enjoys the
possibility of full recovery; daily alcohol intake in-
hibits protein synthesis in the liver cells as well as
cell recovery. Furthermore, any risk of addiction is
avoided if alcohol is only consumed in an irregular
manner (� interposed days of abstention).
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2 Biochemical effects of alcohol
As soon as alcohol reaches the liver cells, alcohol catabolism is
initiated immediately and swiftly. Some 90% of the alcohol are
metabolized by ADH and MEOS, whereby the intermediary me-
tabolism of the liver cell is changed markedly. This is true for both
the cytosolic and mitochondrial redox systems. • Alcohol break-
down via the MEOS involves the consumption of oxygen and
NADPH. In contrast, its catabolism by ADH results in the pro-
duction of NADH and formation of ATP, which, particularly be-
cause of the rise in the NADH/NAD ratio, affects numerous redox
reactions in the liver cell. Of special importance in this context is
a reduced activity of the citric acid cycle as well as of both py-
ruvate and fatty acid oxidation. • Some 75% (up to 85%) of the
oxygen intake into the liver cell are used for alcohol oxidation,
i. e. the cellular metabolic reactions which depend on sufficient O2

supply are compromised during alcohol catabolism by cellular hyp-
oxia, particularly in the perivenous areas. If this process is a singu-
lar one, of short duration or intermittent, the hepatocellular reac-
tions will quickly normalize. However, due to its high O2 consump-
tion, continued alcohol catabolism will result in all NAD-dependent
redox systems being compromised, so that subsequent disorders in
the liver cell metabolism can be observed. (s. p. 63) • Research has
shown that vitamins and hormones as well as trace elements play
both a regulatory and a dysregulatory role in cellular metabolic
processes in a far more varied manner than previously assumed.
This may serve as an explanation for the persistent effects of alco-
hol-induced disturbances on numerous hepatocellular biochemical
reactions with regard to the metabolic processes of vitamins, hor-
mones and trace elements. (15, 18, 26, 36, 40, 54, 60, 71, 73, 77,
124, 136) (see chapter 3.14)

A rise in the NADH/NAD ratio and the associated
increase in the redox potential as well as the forma-
tion of acetaldehyde result in a variety of metabolic
disturbances in the hepatocellular oxidation processes,
so that pathophysiological consequences can be ob-
served. • This large variety of alcohol-induced meta-
bolic disturbances is responsible for many situations
of clinical importance, and thus acute and chronic
alcohol abuse will eventually result in additional
metabolic complications. (s. tab. 28.2)

2.1 Alcoholic hypoglycaemia
In 10�20% of cases, hypoglycaemia is the cause of sudden, unex-
pected death following alcohol intoxication. When the person has
been fasting before alcohol intake, the mortality rate is signifi-
cantly higher. • Careful monitoring of the blood sugar values in
patients with alcohol intoxication is required in order to treat them
in time with i.v. glucose infusions. (s. tab. 28.2)

2.2 Alcoholic hyperglycaemia
In patients with a normal nutritional status, alcohol often results
in hyperglycaemia. Apart from an alcohol-induced increase in cate-
cholamines and cortisol (or ACTH), the reason for this also seems
to be a reduced sensitivity of insulin receptors (e.g. due to zinc
deficiency) (s. p. 50) and/or a lower glucose tolerance factor. (s. p.
51) (s. tab. 28.2)

2.3 Alcoholic hyperlipidaemia
Hypertriglyceridaemia is predominant in about 80% of all cases,
whereby this condition is aggravated and potentiated by the simul-
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taneous intake of dietary fat. • Beware of the often recommended
postprandial “small brandy” allegedly for better digestion after a
fatty meal! • The various metabolic disturbances (s. tab. 28.2, no.
13) ultimately lead to alcoholic fatty liver. • Alcohol-induced
hyperlipidaemia and fatty liver thus have four causes: (1.) increased
lipid transport due to nutrition and lipolysis, (2.) hyper-
triglyceridaemia, (3.) reduction in fatty acid oxidation, and (4.)
limited removal of fat from the liver cell. (26) (s. tab. 28.2)

1. Disturbances in hormone metabolism (s. p. 45)
� Hypogonadism

(gonadotropins �, testosterone �, oestrogen �, zinc �)
� Disturbance in T3-T4 conversion, TSH �

5-deiodase � (hyperthyroid state of liver)
� ACTH �, cortisol �
� Renin �, aldosterone �
� Catecholamines �

2. Disturbances in vitamin metabolism (s. p. 47)
� Folic acid, B1, B2, B6, B12, C �
� A, D, E, K, F �
� Conversion disorders of retinol
� Occurrence of toxic retinol intermediary products

3. Disturbances in trace elements (s. p. 49)
� Zinc, selenium, copper �
� Manganese � later manganese �

4. Loss of electrolytes
� Potassium �, magnesium �

5. Disturbances in cellular energy metabolism (s. p. 43)
� Hyperthyroid state of hepatocytes (see above)
� Uncoupling of the respiratory chain due to stimulation

of the sodium/potassium ATPase
� Microsomal hypermetabolism

(O2 consumption�, basal metabolism�, thermogenesis�)
6. Increase in lipid peroxidation (s. p. 68)

� Glutathione �
� Zinc, selenium, transferrin,

ceruloplasmine/copper, cysteine,
methionine, vitamins C, A, E �

� Malondialdehyde equivalents �

7. Alcoholic sympatheticotonia
� Catecholamines �

(lipolysis �, glycogenolysis �, vascular reactions �)
8. Alcoholic hypoglycaemia

� Glycogen reserves in liver cells � (s. p. 40)
� Gluconeogenesis � (s. p. 41)

(inhibition of the citric acid cycle with a decrease in
oxalacetate, alanine deficiency)

9. Alcoholic hyperglycaemia
� Release of catecholamine �
� Release of cortisol �
� Inadequate insulin secretion

10. Alcoholic hyperuricaemia
� Breakdown of purine nucleotides �
� Acidosis/ketoacidosis

11. Inhibition of pyruvate oxidation
� Hyperlactataemia � acidosis
� Fatty acid synthesis �

12. Increase in ketogenesis (s. p. 42)
� Ketoacidosis

13. Disturbances in lipid metabolism (s. p. 42)
� Sympathicotonic lipolysis � � fatty acids �
� VLDL production � � triglycerides �

(pre-β-lipoproteins �)
� α-glycerophosphate � � triglycerides �
� LCAT activity � � cholesterol �
� Pyruvate � � fatty acid synthesis �
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� Cholinphospholipids �
� Fatty acid oxidation �

14. Disturbances in collagen metabolism
� Acetaldehyde � � collagen synthesis �
� Proliferation of myoblasts, fibromyoblasts,

monocytes, lymphocytes � � collagen synthesis �
� Hyperlactataemia � collagen synthesis �
� Proline oxidase � � proline �
� Collagenase � � collagen degradation �

15. Disturbances in amino acid metabolism (s. p. 38)
� Consumption of cysteine �
� Consumption of methionine � � α-aminobutyrate �
� Consumption of glutathione �
� Glutamic acid � � α-aminobutyrate �
� Glutamic acid � � proline synthesis �
� Reduction in BCAA

16. Disturbances in protein metabolism (s. p. 40)
� Albumin synthesis �
� Carrier proteins � (e.g. transferrin)
� Protein accumulation in the liver �

17. Disturbances in porphyrin metabolism (s. p. 34)
� δ-aminolaevulinic acid synthetase �
� δ-aminolaevulinic acid dehydratase �
� Coproporphyrinogen oxidase �
� Ferrochelatase �
� Uroporphyrinogen synthase �
� Uroporphyrin decarboxilase �

18. Disturbances in neurotransmitter metabolism
� Disturbances in decarboxylation of biogenic amines

19. Formation of addictive substances
� Salsolinol, tetrahydropapaveroline, β-carbolines

Tab. 28.2: Significant alcohol-induced metabolic disturbances and
changes in biochemical reactions in the liver

2.4 Alcoholic hyperuricaemia
An increase in uric acid values up to an acute gout attack can only
be attributed to a minor extent to diminished uric acid excretion
from the kidneys, since decreased uricosuria due to hyperlactacid-
aemia is generally not observed unless the lactate value is >2
mmol. Excessive production of uric acid caused by increased ca-
tabolism of preformed purine nucleotides is considered to be an
essential cause. This is also supported by the observation that the
purine nucleotide content in liver cells is diminished after pro-
longed alcohol consumption. (36) (s. tab. 28.2)

2.5 Alcoholic porphyria
Alcohol may cause hepatic porphyria. This is true of both por-
phyria cutanea tarda, including latent phases of chronic hepatic
porphyria, and the acute form. Given a genetic predisposition, al-
cohol inhibits uroporphyrin decarboxylase and induces δ-amino-
laevulinic acid synthetase. This gives rise to an increase in uro-
porphyrinogen, which is discharged to a greater extent in the urine.
• Thus, in cases of porphyria cutanea tarda, it is not only impera-
tive to avoid sunlight, but also alcohol. (s. p. 35) (s. figs. 4.13; 7.10)

2.6 Haematological disturbances
Alcohol has a dose-related toxic effect on erythropoiesis. In this
context, vacuolization of the nuclei and plasma of the proerythro-
blasts (so-called McCurdy cells) can mostly be observed. The mean
corpuscular volume of erythrocytes (MCV) increases with rising
alcohol consumption in 50�60% of patients, particularly when
consuming high-proof alcoholic drinks. Megaloblastic anaemia
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may occur due to vitamin deficiency (folic acid, B1, B2, B6, B12).
Haemolytic anaemia can be found with or without Zieve’s syn-
drome. Sideroblastic anaemia may be present when the iron metab-
olism is disturbed (as happens in 30�40% of cases). In 15�20%
of cases, thrombopenia may be witnessed, and in 10�20% leucope-
nia can arise. The reason for an additional dysfunction in the leu-
cocytes seems to be an increase in intracellular cyclic adenosine
monophosphate, since alcohol activates the membrane-bound ade-
nyl cyclase. (s. tab. 28.2)

2.7 Formation of addictive substances
Acetaldehyde, which is about 15 times more toxic than alcohol,
enters into so-called condensation reactions with endogenous bio-
genic amines to form opioid peptides. Acetaldehyde together with
dopamine leads to the formation of salsolinol as well as tetra-
hydropapaveroline and β-carbolines. The development of these (and
similar) substances may explain why addiction results from alcohol
abuse. • However, alcoholic drinks also contain methanol in dif-
ferent quantities, e. g. beer <7mg/l, whisky 100�300 mg/l, spirits
made from fruit juice 1,000�5,000 mg/l. (!) Its metabolite is a toxic
agent called formaldehyde. Methanol (or the toxic substance form-
aldehyde) probably plays a much more crucial role in the patho-
physiology of alcoholic liver damage and in the development of
alcoholism than does ethanol. Moreover, formaldehyde is consid-
ered to be a more suitable partner for the synthesis of habit-form-
ing substances than acetaldehyde. (115, 126, 128) Thus the (high
or low) methanol content in alcoholic drinks might also be of im-
portance in the development of liver damage or alcohol addiction
of varying intensities (E. V. Dunn et al., 1985).

2.8 Effects of disulfiram
Competitive inhibitors of acetaldehyde dehydrogenase block the
breakdown of acetaldehyde. Especially disulfiram acts as an inhibi-
tor, which is why the simultaneous intake of alcohol and disulfiram
leads to increased acetaldehyde levels in the blood. This results
in a flush syndrome, including perspiration, tachycardia, nausea,
vomiting and even severe circulatory failure. • The effect of medic-
aments such as chloramphenicol, metronidazole, tolbutamide,
chlorpropamide, griseofulvin, tolazoline, nitrofurantoin and quin-
acrine is similar to that of disulfiram. The simultaneous intake of
alcohol and inhaled nitrogen, e. g. from fertilizers, which has a di-
sulfiram-like effect, is also of toxicological relevance. The combina-
tion of alcohol and a mushroom called Coprinus atramentarius
(which is usually well-tolerated) may also cause a severe reaction
resembling that of disulfiram. Such effects occur as a result of
contact with chemical agents at the workplace (e.g. carbon disul-
phide, calcium cyanamide, dimethylformamide, butylaldoxim).

2.9 Alcohol-related interactions
Interactions between alcohol and various xenobiotics, particularly
medicaments, are of considerable clinical importance. (41) How-
ever, this depends upon the question of whether alcohol consump-
tion is acute or chronic and whether these interactions are caused
by gastric or hepatic ADH, MEOS or aldehyde dehydrogenase.
The causes of such interactions are manifold. (s. tab. 28.3) • Gas-
tric ADH, for example, is inhibited by pyrazole, cimetidine and
ranitidine (but not by omeprazole or famotidine), which results in
an increase in the blood alcohol concentration. A gastric isoen-
zyme of ADH (δ-ADH) causes the detoxification of a procarcino-
gen called nitrobenzaldehyde, occasionally found in foodstuffs.
Similar ADH isoenzymes, which are equally capable of detoxifying
procarcinogens, are also found in the colonic and rectal mucosa.
Moreover, ADH is inhibited by agents such as chloralhydrate and
metamizole. (40, 120, 124) The MEOS depends on the cytochrome
P 450 (2E1, 4A1). (35) • Acute alcohol consumption leads to an
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inhibition of microsomal metabolization and thus a prolongation
of the half-life of xenobiotics, e. g. pentobarbital, lorazepam, tol-
butamide, phenytoin, diazepam, warfarin, paracetamol, caffeine,
methadone (considerable increase in concentration in the liver and
brain!) as well as the procarcinogen dimethylnitrosamine. • Chronic
alcohol consumption causes an induction of the alcohol-specific cy-
tochrome P 450 (2E1, 4A1). Thus numerous xenobiotics or phar-
macons are metabolized much more rapidly, i. e. their half-life is
clearly shorter; this is especially true in situations where no alcohol
is found in the organism at the time of drug intake. This rapid
breakdown of a medicinal preparations may either shorten the
period of therapeutic effect or result in intermediary products of
a higher or even toxic concentration (e. g. isoniazid, paracetamol,
vinyl chloride, dimethylnitrosamine, carbon tetrachloride, acetone,
cocaine, halothane and butanol). Usually, this (primarily) meta-
bolic drug tolerance then leads to higher redosing due to dimin-
ished, or a lack of, therapeutic effects. This may result in the inter-
mediary products being present in dangerously toxic quantities.
The induction of the alcohol-specific cytochrome continues for
several weeks, even if no more alcohol is consumed. Furthermore,
the original situation is re-established as soon as alcohol is con-
sumed again. • Inhibition of ALDH may also be caused by numer-
ous xenobiotics, which is why a disulfiram effect (see above) may
be expected. (44) (s. p. 64)

1. Effects on enteral resorption
2. Changes in gastric or intestinal mucosal metabolism
3. Additive or supra-additive effects on receptors
4. Effects on microsomal enzyme systems
5. Effects on non-microsomal cellular metabolic processes
6. Effects of disulfiram

Tab. 28.3: Causes of interaction between alcohol and xenobiotics,
particularly medicinal preparations

2.10 Lipid peroxidation
Molecular oxygen is not always completely reduced in the metab-
olism of xenobiotics, so that partially decreased oxygen intermedi-
ates may be formed, such as H2O2, O�

2 and OH�, which are highly
reactive. Due to its extreme chemical reactivity, OH� is capable of
attacking every macromolecule. (s. p. 68) Consumption of alcohol
causes on the one hand an enhanced formation of toxic oxygen
intermediates which are catalyzed by iron and on the other hand
an antioxidant deficiency (e. g. zinc, selenium, glutathione, cyste-
ine, and vitamins A, C, E). This creates an oxidative stress situa-
tion for the liver cells, with damage to the biomembranes (s. p.
401) and stimulation of the collagen-gene expression (� alcoholic
hepatic fibrosis). Furthermore, lipid peroxidations are responsible
for the inactivation of enzymes and the oxidative modification of
lipoproteins, proteins, free amino acids and nucleic acids. (51, 98,
136, 139, 145) (s. fig. 21.12)

2.11 Immune reactions
From an immunological viewpoint, an alcoholic fatty liver is con-
sidered as indifferent, while pronounced alcohol-induced cirrhosis
mainly shows immunological hyporeactivity. By contrast, alcoholic
hepatitis displays obvious immunological activity. It was possible
to show the existence of lymphocytes with cytotoxic activity as
well as antibodies against cytokeratin filaments, nucleic components
and cell membranes. Occasionally, the IgA value in the serum
is elevated and IgA deposits can also be observed along the sinus-
oids. The cell-mediated immunity may be impaired, so that intra-
cutaneous tests as well as vaccinations (e.g. against HBV) show
negative results (so-called alcohol-related non-responders).
Following alcohol intake, endotoxins and other agents are also
transported from the intestinal tract to the liver, a process which
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leads to the release of cytokines (e. g. interleukins, tumour necrosis
factor), since endotoxins are potent cytokine stimulators. Among
other things, cytokines are thought to cause the stimulation of
fibrogenesis, just as they are held responsible for various clinical
symptoms (e.g. fever, catabolism, hypermetabolism, hypoalbu-
minaemia). LSP and protein aldehyde adducts are considered to
be target antigens for the formation of antibodies. Verification of
a histon 2B antibody (anti-H2B) is of particular clinical impor-
tance. (s. p. 121) (s. tabs. 5.19, 5.20; 33.1) • It is not certain whether
we are dealing with epiphenomena in individual cases or whether
these findings are of pathogenic relevance. (11, 59, 68, 140, 144)

3 Morphological effects of alcohol

Both acute alcohol consumption (in high doses and
with toxic effects) and chronic alcohol intake result in
manifold biochemical changes to the liver metabolism,
which can be of varying intensity in the individual case
in line with the respective influencing factors. (s. tab.
28.2) • Apart from these alcohol-induced changes to the
hepatic metabolism, morphological modifications can
also be observed at the subcellular and cellular levels,
depending on the quantity and duration of alcohol con-
sumption. This leads to an aggravation of liver damage
and ultimately to extensive transformation processes.
Structural changes in the organelles can be seen as an
expression of an adaptation process triggered by pro-
nounced acute or chronic strain on liver cells, but they
may also constitute alcohol-induced damage.

There is a fluid transition between adaptation and
alteration, with complete reversibility being possible
if the damage does not exceed a certain limit.

3.1 Adaptation

As far as laboratory findings are concerned, the adapta-
tion of metabolically active cell organelles or micro-
somal enzyme systems is generally reflected by an
increase in γ-GT activity following a certain period
of alcohol intake. In this context, an increase in γ-GT
alone is an adaptive, physiological phenomenon as well
as a sign that γ-GT has been released from its mem-
brane binding. (s. pp 55, 97)

Adaptation to an alcohol intake of sufficient duration
and quantity becomes morphologically visible when
proliferation of the smooth endoplasmic reticulum as
well as the Golgi complex is observed. This kind of in-
duction can, for a certain period of time, only be de-
tected with the aid of an electron microscope, but subse-
quently becomes visible under a light microscope as
well. (s. pp 394, 544) (s. fig. 21.2)

3.2 Types of damage

With dose- and time-dependent alcohol intake, signs of
morphological damage can be seen in important cellular
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components, irrespective of the catabolic path of the al-
cohol, when for example: (1.) the cholesterol content
of biomembranes increases, which results in a rise in
membrane fluidity and permeability, (2.) storage of lip-
ids and proteins in the cytosol causes an enlargement of
liver cells, (3.) mitochondria show a swelling and struc-
tural change in their cristae, (4.) the Golgi complex
undergoes hyperplasia, (5.) ribosomes are released and
diminish in number, (6.) multivesicular lysosomes can
be seen, and (7.) cytoskeletal structures are damaged. In
general, the morphological changes, which are mainly
caused by hypoxia, originate in the lobular centre (zone
3), from where they gradually progress to the periphery.
(5, 24, 32, 50, 55, 64, 99)

An early (and specific) biochemical sign of hepatocel-
lular damage is an increase in GPT activity. (87) It
can be demonstrated once the damage rate is > 1 g
hepatocytes (> 170 million liver cells). (s. pp 93�96)
• In pronounced vitamin B6 deficiency due to alcohol
abuse, GPT formation may be inhibited, so that GPT
activities appear misleadingly low.

Liver cell hydrops: Liver cell hydrops is characterized by swollen
hepatocytes, which contain a lot of liquid, but are generally free
of fat. Hydropic liver cells may be 2 to 4 and even 10 times the
size of normal hepatocytes. Cell hydrops is completely reversible
when abstention is maintained. These cells usually die when alco-
hol intake is continued and are subsequently removed by macro-
phages and leucocytes. This leads to an alteration in the cytoskele-
ton. Hydropically degenerated liver cells and hyaline liberated from
Mallory bodies produce a leucocytic inflammatory reaction. Un-
less it is compensated by regenerative processes, this cellular deficit
results in defective healing by fine-fibred, cell-poor fibrils.

Alcoholic hyalin: Alcoholic hyalin is considered to be a characteris-
tic maldevelopment during cellular protein synthesis and can often
be found in enlarged and bloated hepatocytes. Although these cells
may recover, they are often subject to cytolysis and are removed
by leucocytes. Alcoholic hyalin, which contains a cellular stress
protein called ubiquitine, is (more appropriately) referred to as a
Mallory body (F. B. Mallory, 1911), as it can also be found in liver
diseases not related to alcohol. Mallory bodies present as string-
like or lumpy, sometimes granular-branched, light-refracting and
acidophilic structures, which take on a bright red colour when they
come into contact with aniline blue or Masson stain. They consist
of an abnormal accumulation of microfilaments. Ubiquitination
of damaged intermediary filaments already occurs at a very early
stage of alcoholic hepatocellular damage before any Mallory bod-
ies can be observed. Thus, moderate and early forms of hepatocel-
lular damage due to alcohol can be detected by way of ubiquitin-
specific antibodies displaying high sensitivity and specificity (J.
Lowe et al., 1988). (33) (s. figs. 28.1, 28.2)

Granular swelling: Granular swelling is due to a general swelling
and multiplication of mitochondria as well as the formation of
giant mitochondria. (s. fig. 28.3) (s. pp 395, 545) These are eosino-
philic, homogeneous, well-defined protein droplets of 10�20 µm
in size within the cytoplasm of the generally enlarged granular liver
cells. (22)

Protein storage: Protein storage in the cytoplasm of the liver cell
is caused by antisecretory action, probably in the area of the
microtubular system and the Golgi complex. This results in a bal-
looning of the hepatocytes. (s. p. 395) • Alcohol-induced hepato-
megaly is therefore due to the concurrence of hepatocellular pro-
tein and lipid storage and liver cell hydropsy; this can lead to a
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50�100% weight increase (without cellular multiplication) of the
liver, i. e. up to 3,000�4,000 g (or more). (s. fig. 28.5)

Single-cell necrosis: Single-cell necrosis (s. pp 400, 545) becomes
manifest as the destruction of fatty liver cells and as hyaline necro-
sis. The latter is either drained haematogenically or removed by
stellate cells, which may generate stellate cell nodules. When dis-
posing of fatty liver cells, the stellate cells take in lipoid from the
necrotic epithelium and become foam-like. This may result in the
formation of lipophagic granulomas. (s. p. 398) However, leucocytes
also participate, sometimes even exclusively, in the removal of
fatty hepatocytes.

Fig. 28.1: Mallory bodies: immunohistochemical reaction with an
antibody against ubiquitin (arrow)

Fig. 28.2: Hydropic-degenerated hepatocyte with Mallory body
(�) (HE)

Fig. 28.3: Hepatocyte with megamitochondria (�) in alcoholic
fatty liver
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Cholestasis: Cholestasis is often identifiable by way of laboratory
findings (see chapter 13) and becomes manifest in a pericanalicular
arrangement of the rough endoplasmic reticulum. The final result
is the impaired intracellular secretion of bile with yellowish guttate
cell occlusions as well as excretory disorders with the formation of
biliary casts. (99) (s. pp 395, 546) (s. figs. 13.2, 13.4; 28.15, 28.16)

Siderosis: Siderosis, especially in the form of granular stellate cell
siderosis, can often be observed in cases of alcohol abuse and is
caused by enhanced phagocytosis of erythrocytes. For this reason,
it is particularly prevalent in cases of Zieve’s syndrome, which
means that granular stellate cell siderosis may be a hint of past
stages of this syndrome or of its “formes frustes”. General activa-
tion of stellate cells does not fit into the histological picture of
alcoholic liver damage. • By contrast, liver cell siderosis mainly
becomes manifest in the periphery of the hepatic lobules and is
most likely to appear due to both an increase in iron supply or
resorption and parenchymal lesions. (s. fig. 28.4)

Fig. 28.4: Siderogranular deposits (�) in hepatocytes (siderosis) in
chronic alcohol abuse (HE)

3.3 Steatosis hepatis and fatty liver

Steatosis of hepatocytes is considered to be the most
common form of alcohol-induced liver damage and
constitutes a complex hepatocellular metabolic disorder.
(s. tab. 28.2, no. 13) There is an imbalance between the
storage of fat in the liver cell and its removal. (13, 30) (s.
tab. 31.1) • Peripheral fatty changes in liver cells are
mainly caused by infectious or toxic damage which di-
rectly and haematogenically affects those peripheral
areas more involved in lipid metabolism. (s. fig. 31.4)
Centroacinar fatty changes in liver cells are mostly
found in oxygen deficiency, nutritional damage, diabetes
mellitus and alcohol abuse; in general, this is considered
to be the more serious form of damage. (s. fig. 31.5)
Zonal fatty changes in liver cells occur when only cer-
tain areas of a lobule are affected. Finally, a diffuse fatty
change of the whole lobule can be witnessed. (s. fig.
31.3) • A further increase in size of the stored lipid drop-
lets will ultimately fill the liver cell completely, enlarge
it and press the cytoplasm as well as the pitted nucleus
towards the cell membrane. This impairs or even stops
the division of the nucleus. At the same time, the liver
cell undergoes glycogen depletion. Removal of the nu-
cleic glycogen, so-called glycogen vacuolation of the nu-
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clei develops (s. fig. 31.1). This may be present in vari-
ous diseases, particularly in the area of the portal zones.
The large-droplet fatty changes result in so-called fat
cysts of various sizes due to the cell membrane being
torn. (s. fig. 31.2) • Fatty changes in liver cells are con-
sidered to constitute a fatty liver when more than 50%
of the liver cells show the form of medium and large
fatty droplets, and when diffuse dissemination occurs. (s.
tab. 31.2) (s. fig. 31.3) A fatty liver may regress without
any consequences. Occasionally, however, it may occur
in an excessive form (up to 100% fatty liver cell changes
have been observed) with a high fatality rate, e. g. in
cases of acute alcohol intoxication. (s. fig. 28.5)

Fig. 28.5: Massive fatty liver (4,750 g hepatic wet weight) after acute
alcohol intoxication (“brandy drinking bet”); exitus 4 days later

3.4 Hepatic fibrosis

Fibrogenesis, a complex biochemical process (s. p. 403)
occurring in the course of alcohol-induced toxic liver
disease, is of decisive clinical as well as prognostic im-
portance. The increase in fibres is not dependent on the
degree and duration of the fatty changes. Hepatic fibro-
sis can be observed in some 40% of all patients suffering
from a fatty liver. Determination of P-III-P and apolipo-
protein I is a reliable biochemical indicator of progressive
fibrosis. (63, 78, 84, 93, 97, 101, 118)

� In alcohol-induced liver disease, the growth in fibres originates
in the central veins. In this process, the delicate reticular fibres of
collagen III are transformed into dense double-refracting collagen
I. Moreover, elastic fibres can also be found in increasing numbers.
This centrilobular perivenular fibrosis (s. fig. 21.14) consists of a
coat of collagenous fibres running mainly in a longitudinal direc-
tion around the central vein (H. A. Edmondson et al., 1967) and is
considered a precursory stage of alcoholic liver cirrhosis (C. S.
Lieber, 1979). At the same time, collagenation of Disse’s space oc-
curs, in general at the centre of the lobules, with the sinusoids being
coated in a basal membrane-like manner and the sinusendothelium
fenestration (� capillarization of sinusoids) being neutralized (H.
Orrego et al., 1979). (26, 55) (s. p. 406) This results in perisinusoidal
fibrosis. (63, 84, 118, 146) • Sclerosing hyaline fibrosis can be wit-
nessed when larger centrilobular cell groups, which had been
loaded with alcoholic hyalin, perish and are replaced by scarred,
cell-poor, fine-fibred fibrils (H. A. Edmondson et al., 1963). In cases
of persistent alcohol abuse, this kind of fibrosis may quickly lead



Alcohol-induced liver damage

to portal hypertension due to sinusoidal blockage. In most cases,
it swiftly initiates transformation processes in the liver. (s. pp 247,
405) • Peripheral sclerosis proceeds from the portal tracts and con-
tinues towards the centre in the form of periportal fibrosis in a
periacinar and intraacinar direction. (s. figs. 21.14; 28.6) In this
process, single liver cells or small cell groups are drawn in from all
sides and detached from their neighbouring structures. This spider-
like fibrotic network continues to infiltrate the lobules until it con-
nects with the central fibrosis. This results in a picture resembling
more and more what is called chicken-wire fibrosis (W. Wepler et
al., 1968). (s. fig. 21.15) • It is by way of proliferation of the ductules
that portal-periportal fibrosis assumes its characteristic features.
Round-celled leucocytic infiltrates as well as periductular fibres
may develop during this process, mimicking the picture of chronic
cholangitis. • In up to 80% of all patients suffering from hepatic
fibrosis associated with a fatty liver, alcoholic hepatitis develops
when alcohol consumption is continued.

Fig. 28.6: Alcohol-induced periportal and centrilobular fibrosis,
partially spider leg-like (Sirius red) (s. fig. 21.14)

Fig. 28.7: Septate liver fibrosis without cirrhotic transformation in
alcohol abuse (misinterpreted as cirrhosis in sonography)

3.5 Liver cirrhosis

� From a morphological perspective, any kind of alcohol-
induced fatty liver or alcoholic hepatitis has the potential
to develop into cirrhosis. • The fibrous ramifications of
the various portal fields make contact with one another
as well as with other centrilobular fibre formations. This
ultimately causes pronounced fibrosis of the liver, which
leads to a cirrhotic transformation if alcohol consump-
tion continues. (s. fig. 28.7)
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In general, cirrhosis occurs as an insidious process char-
acterized by permanent liver cell necrosis and fibrillo-
genetic stimulation. Pseudoacini and vascular shunts
with impaired microcirculation develop, as do fibre
paths, which show increasing signs of capillarization in
the lobular structures. In the end, alcoholic cirrhosis
presents as a uniform, micronodular condition. (s. figs.
28.7, 28.13, 28.14) • Histologically, it is often difficult to
distinguish micronodular, postnecrotic alcoholic cirrho-
sis from posthepatitic/postnecrotic cirrhosis (although
this is generally possible by laparoscopy). Alcoholic cir-
rhosis may even present macroscopically as almost
“smooth cirrhosis”, which is rich in interstitial fibres,
but has a poor capacity to regenerate. (s. fig. 14.3) (s.
p. 408)

4 Pathogenesis

The various metabolic, morphological and clinical as-
pects of alcoholic liver disease can only be explained by
the concurrence of a variety of exogenous and endoge-
nous factors typical for the individual. Acetaldehyde, re-
active O2 species and free radicals as well as endotoxins
are particularly important in pathogenesis. Conse-
quently, there is evidence of GSH depletion, lipid perox-
idation and antigen-antibody reactions. Alcohol con-
sumption supports the growth of endotoxin-forming,
gram-negative bacteria in the small intestine. The endo-
toxins stimulate especially the Kupffer cells, whereby
principally cytokines (IL 1, 6 and 8, TNFα) are pro-
duced. As a result, the microcirculation is impeded, T
lymphocytes are stimulated and leucocytic inflamma-
tion can occur. Such pathogenesis is complex and differs
in the individual case; this explains the various degrees
of severity as well as the phenomenon of progession de-
spite alcohol abstinence. (5, 39, 45, 48, 59, 61, 66, 69, 75, 76,
106, 139) (s. tab. 28.4)

Endogenous factors

1. Genetic predisposition 4. Previous liver damage
2. Gender 5. Coexistent diseases
3. Age 6. Immunopathies

Exogenous factors

1. Amount of alcohol intake per day
2. Duration of alcohol consumption
3. Continuity of alcohol consumption
4. Chemical additives
5. Coexistent hepatotoxic agents
6. Malnutrition or undernourishment

Tab. 28.4: Pathogenetic factors responsible for alcoholic liver disease

4.1 Genetic predisposition

Evidence of ethnic differences and family frequency,
studies concerning twins and adoptive children as well as
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animal experiments (U. Haberlein et al., 1997) suggest a gen-
etic disposition towards � as well as protection against ! �
alcoholism and a higher (or lower) incidence of alcoholic
liver diseases. This is also seen in the different distribution
of ADH and ALDH subtypes (e. g. ADH2, ADH3,
ALDH2) in various races and populations. • Even though
findings concerning an HLA association have not yet
been substantiated, the increases in frequency reported to
date reveal interesting aspects, e. g. B8 (United King-
dom), BW40 (Scandinavia), B13 (Chile), B28 (Australia),
A2, DR3 and DR2. • Apart from that, there is also ge-
netic polymorphism of cytochrome P450 (e. g. 2E1, 2D6,
4A1). (2, 8, 14, 44, 80) (s. pp 53, 63)

4.2 Gender

Liver disease progresses more rapidly in women, with the
incidence of cirrhosis being 2 or 3 times higher than in
men. Gender-specific differences in the gastric and he-
patic alcohol metabolism are thought to be the factors re-
sponsible for this.

4.3 Age

ADH is not present before the age of three; alcohol
should therefore not be given to infants. • With advancing
age, the capacity to catabolize alcohol decreases, the pre-
valence of alcohol-induced liver and CNS disease rises,
and blood alcohol concentrations are higher because the
distribution volume is smaller in older people. Gastric δ-
ADH diminishes in older men, so that there is no longer
a difference between men and women in later life as far as
gastric ADH is concerned. Moreover, the function of the
smooth endoplasmic reticulum deteriorates with advanc-
ing age, a fact which is of particular importance when
older people consume medicaments and alcohol at the
same time! The decrease in the antioxidant glutathione in
older people is also crucial. With advancing age, concen-
trations of the toxic agent acetaldehyde rise.

4.4 Previous liver damage

Previous liver damage resulting in limited hepatic function
and/or accompanied by considerable loss of tissue affects
hepatic alcohol catabolism in a negative way. Coexistent
diseases may then prove to be extremely detrimental if
they compromise the cellular reactions of alcohol cata-
bolism. Generally, this applies to obesity, hyperlipid-
aemia, diabetes mellitus, gout, endocrinopathies, etc. Im-
munopathies may cause further immunological disturb-
ances due to alcohol-induced immune responses. A strik-
ing feature in this context is the frequent presence of HCV
antibodies as well as their close connection to portal and/
or lobular inflammations. (17, 19, 38, 105, 116, 121, 134)

4.5 Alcohol consumption

The daily quantity of alcohol consumed is the decisive
factor in the development of alcoholic liver disease.
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Following the intake of about 300 g alcohol, severe fatty
infiltration of hepatocytes occurs within 2 to 4 days,
whereas ingestion of 150 g alcohol leads to steatosis
hepatis after about 21 days. The critical amount for the
development of liver cirrhosis is a daily alcohol intake
of > 60�70 g for men and > 20�30 g for women over a
period of 5 years. • Another important factor for alco-
hol-induced liver disease is the duration of alcohol in-
take. In this context, a single alcohol dose of > 400 g,
particularly as a result of rapid drinking (“drinking
bet”!), will usually have fatal consequences. (s. fig. 28.4)
The alcohol quantity and the duration of alcohol intake
are thus closely related to the manifestation of liver
damage. • The regularity of alcohol consumption is also
important, namely whether alcohol consumption is con-
tinuous or irregular, i. e. 3 or 4 days of abstention be-
tween alcohol intake. During such abstention, the liver
usually has enough time for metabolic and morpho-
logical restitution. (s. p. 536) With irregular (“sporadic”)
drinking, there is practically no chance for biochemical
addiction potential to develop. (4, 13, 70, 100, 107)

Single postprandial doses of 28 g or 71 g of alcohol
resulted in blocked albumin synthesis or albumin and
fibrinogen synthesis respectively. (142)

4.6 Chemical additives in alcoholic drinks

� Little is known about the content of additives in alco-
holic beverages (either in “standardized” industrial pro-
duction or in “individual” home production !) or their re-
spective metabolism in the liver and potential toxicity.
On the other hand, reliable information is available re-
garding the greatly varying amounts of methanol (ca.
5�5,000 mg/l!) and its metabolic effects (or those of its
metabolite formaldehyde). The present level of know-
ledge regarding methanol is remarkable, but more re-
search is required. (115, 126, 128) (s. p. 523) Apart from
methanol, butanol and propanol or their derivatives are
found in alcoholic beverages, likewise in varying quanti-
ties. Further chemical constituents, which are only men-
tioned in very general terms, include: fusel oil, ester,
acids, aromatic compounds, essential oils, sulphur, phe-
nols, histamine-like substances, artificial colouring, pre-
servatives and so-called stabilizers � possibly also resi-
dues of insecticides. Moreover, too little is known about
different components of wooden barrels in which vari-
ous alcoholic beverages are stored for longer periods. •
By contrast, certain additives (such as flavonoids) are
thought to have an antioxidant effect.

Considering our (still) insufficient knowledge of chem-
ical constituents in individual alcoholic drinks, it is
problematic merely to take the known ethanol content
as a basic value for measurement and comparison or
as a basic factor for prognosis. A critical approach is
called for as long as the data are incomplete!
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4.7 Coexistent hepatotoxic agents

It is with good reason that alcohol should be avoided
when taking medication at the same time � however,
this rule of thumb should always be complied with and
not only heeded in specific cases or in advanced age.
Predictions as to whether, when and what kind of bio-
toxometabolites will form due to biotransformatory in-
teractions are difficult to make. (s. pp 55, 523) (s. fig.
3.11) With an estimated number of 400,000 to 500,000
persons addicted to pharmacons in Germany, this
factor is of considerable importance in all statements
concerning epidemiologic statistics. (see chapter 29) •
Chemical agents encountered at work, at home, during
leisure time and in connection with do-it-yourself activi-
ties may have a hepatotoxic effect and cause additive or
even potentiated toxicity, given the individual peculiari-
ties of ethanol metabolism. The main reason for this is
alcohol-induced glutathione deficiency. (see chapter 30)

4.8 Malnutrition and undernourishment

Both malnutrition and undernourishment can be a
cause or the result of alcoholic liver disease; indeed, the
well-founded assumption of a vicious circle seems most
likely. There is often evidence of secondary malnutrition
as a result of alcohol-related disturbances affecting the
intermediary metabolism. Malnutrition is brought
about by the fact that each gram of alcohol supplies 7.1
kcal, so that the organism’s basic need for calories can
be satisfied predominantly by “empty” alcohol calories ;
on the other hand, alcohol-induced pancreatic insuffi-
ciency or damaged mucosa in the small intestine might
result in maldigestion or malabsorption of various nu-
trients. Chronic alcoholics are able to satisfy more than
half their daily calorie requirement with alcohol. A
bottle of wine contains about 700 alcohol calories. Usu-
ally, a deficiency in lipotropic substances is observed (e. g.
choline, methionine); therapeutic administration in
cases of alcoholic liver disease has, however, proved un-
successful. In addition, there is a deficiency in cysteine
and glutathione, vitamins, electrolytes and trace ele-
ments. (s. tab. 28.2, nos. 2�4) • Alcohol causes a defi-
ciency in phospholipids and phosphatidylcholine in the
cellular biomembranes, particularly in the membrane of
the mitochondria. This can be corrected by substitution.
Both substances also proved to be successful in the pre-
vention of alcohol-induced fibroses. For this reason,
“essential” phospholipids as well as S-adenosylmethio-
nine can be used in therapy as “supernutrients”. (1, 61,
74�76, 95, 137, 142)

Alcohol abuse may be considered as the biggest mass
experiment for developing liver disease voluntarily
carried out by mankind to date. About 50�60% of
all liver diseases in Germany are caused by alcohol.
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5 Clinical features of alcoholic liver
damage

5.1 Types of disease

The total range of alcoholic liver diseases can be divided
into three basic forms: (1.) fatty liver, (2.) alcoholic hep-
atitis, and (3.) cirrhosis. (7) With continued alcohol con-
sumption, the forms may indeed develop in this given
sequence; the transitions are smooth, and particular
courses can be observed in individual cases. • Alcoholic
fatty liver, for example, may regress completely or de-
velop into fatty liver hepatitis, or it may take the form
of liver fibrosis and remain in this state of partial recov-
ery, or progress into cirrhosis if alcohol consumption is
not brought to a halt. Any acute, severe alcohol intoxi-
cation will usually be fatal within a few (1�3) days. (85)
(s. fig. 28.5) Acute alcoholic hepatitis can (in about 40%
of all cases) turn into a chronic form and finally into
cirrhosis; in 10�20% of cases, it is accompanied by cho-
lestasis and heals completely albeit with certain tissue
defects (in about 50% of patients). Unfortunately, a le-
thal outcome must be anticipated in 10 to 15% of cases,
and in fulminant courses even in about 90%. Occasion-
ally, alcoholic hepatitis develops in addition to the exist-
ing alcoholic cirrhosis. • Exact differentiation is only pos-
sible morphologically. In this respect, the most reliable
tool is laparoscopy, since a biopsy sample can only be
taken from the strictly limited area of the right hepatic
lobe using percutaneous biopsy. (s. fig. 7.8) However, the
biopsy specimen might not be sufficiently representative
of the liver as a whole in advanced forms, e. g. chronic
inflammation or fibrosis. (s. fig. 28.8)

5.1.1 Alcoholic fatty liver

Fatty infiltrations of liver cells or fatty liver (s. pp 526,
579) are the most common morphological findings (up
to 90% of all cases) in alcohol abuse. Both may develop
within a short period of time (3 or 4 weeks), but may
also regress completely within a few weeks or months,
depending on the degree of severity. (5, 13, 30, 34) • Sub-
jective complaints are often absent, or there is unspecific
or dyspeptic discomfort such as bloating, meteorism,
flatulence, inappetence, fatigue, drop in performance, in-
tolerance of food and drink, impotence and a sensation
of pressure in the right upper abdomen (� hepatomeg-
aly). These complaints are reported in 30�50% of cases.
• Clinical findings are consistent with severity and dura-
tion. The most common symptom is hepatomegaly
(60�80%) caused by infiltration of fat, water and pro-
tein as well as by proliferation of the SER. An enlarged
liver has a blunt edge generally tender on pressure and
weighs 2.0�2.5 kg or more. Liver weight can be as
much as 6 kg. The various skin stigmata of liver diseases
(s. pp 81�86) can be observed with varying frequency
(10�30%). Jaundice or scleral icterus are rare. • Labora-
tory parameters generally show an increase in γ-GT (s.
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Fig. 28.8: Spectrum and course
of alcoholic liver diseases
(���� fulminant course)
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p. 97) and, in more severe cases of fatty liver, an eleva-
tion of cholinesterase (60�70%). Transaminases (GPT,
GOT) are slightly elevated and GPT synthesis is often
reduced owing to alcohol-induced B6 deficiency, while
the alcohol-induced release of GOT from the extrahepa-
tic tissues is enhanced, with the result that GOT activity
is occasionally higher than that of GPT. In several cases,
GDH is likewise moderately elevated. An increase in al-
kaline phosphatase is a sign of a cholestatic form. Im-
paired liver function can easily be determined, particu-
larly by means of i.v. galactose elimination capacity and
the indocyanine green test. (s. p. 108) • Sonography
shows a typical “large, white liver” with diffusely pro-
nounced echogenicity; single reflexes are coarsened, and
sound transmission is reduced. In contrast, milder
forms of fatty infiltration of liver cells are not, or only
unreliably, identifiable. (s. p. 129) • The degree of
steatosis hepatis can only be demonstrated by histology.
(s. figs. 31.1�31.5) In this way, it is also possible to de-
tect inflammatory reactions and activities resulting in
fibrosis, both of which are relevant for prognosis. In
steatosis hepatis, the result of percutaneous biopsy is
considered to be representative of the liver as a whole. •
CT shows a reduction in density in relation to the de-
gree of severity of the fatty liver. The vessels and bile
ducts appear “brighter” (so-called reversal of contrast).
More pronounced regional or segmental areas of fatty
infiltration can be detected in individual cases. (s. figs.
8.2�8.4)

Alcoholic foamy degeneration is considered to be a vari-
ant of alcoholic fatty liver (T. Uchida et al., 1983). There
is evidence of microvesicular steatosis, giant mito-
chondria, focal cell necrosis (with elevation of GPT,
GOT and GDH) and cholestasis (with increase of AP
and sometimes of bilirubin), whereas inflammatory al-
terations are rare and Mallory bodies totally absent.
Likewise, there is no sign of fever or leucocytosis. (133)
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5.1.2 Alcoholic hepatitis

Morphologically, this form is characterized by fatty in-
filtration (especially perivenular), liver cell damage to
the point of necrosis, presence of inflammatory reac-
tions with polymorphonuclear leucocytes (occasionally
also macrophages and lymphocytes) as well as forma-
tion of fibrosis (perivenular and pericellular). (s. figs.
21.15, 21.16) The hepatocytes are swollen (� ballooned
degeneration). Mallory bodies (s. figs. 28.1, 28.2) and
giant mitochondria (s. fig. 28.3) can be found. There is
proliferation of the bile ducts. Kupffer cells are acti-
vated. The cytokeratic skeleton of hepatocytes is dam-
aged or destroyed. (s. fig. 28.9)

Fig. 28.9: Alcoholic steatohepatitis. Satellitosis of neutrophilic
granulocytes surrounding hydropic-degenerated hepatocytes with
Mallory hyalin (�)

Laparoscopy shows a brick-red liver surface, reticulated
fibrosis, enhanced vascularization of the capsule with
perivascular fibrosis, reddish speckles as well as an ir-
regular liver surface with scattered light reflection. (s.
fig. 28.10) • The clinical spectrum of alcoholic hepatitis
covers various forms: (1.) asymptomatic, (2.) chronic
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γ-GT � � ���
CDT : total transferrin �
GDH (�) � ��
GOT (�) � ��
GPT N � �
GOT : GPT �1 � (�2)
Urea �
Alkaline phosphatase N � ��
IgA N � ���
Triglycerides � � ���

γ-globulins N � ��
Leucocytes N � ��
Hyperchromia N � ��
P III P N � �
Galactose test � � ��
Cholinesterase N � ��
Quick N � �
Albumin N � �
Magnesium N � �
Zinc N � �

Tab. 28.5: Laboratory parameters in
chronic alcohol-induced liver disease
(N � normal)

persistent, (3.) chronic aggressive, and (4.) fulminant.
These forms include anicteric, icteric and cholestatic
courses. (s. fig. 28.8) • A variant of alcoholic hepatitis is
alcoholic steatohepatitis with fat deposition in the hepa-
tocytes and inflammatory changes. Necroses are rare.
This course is much more common than alcoholic hepa-
titis, where cell necroses and inflammations are pre-
dominant (see above).

Symptoms include nausea, vomiting, inappetence,
meteorism, fever, weight loss and a sensation of pressure
in the right upper abdomen. The symptoms may vary in
intensity and frequency depending upon severity and the
respective alcohol consumption (30�80%). • Clinical
findings present in the form of hepatomegaly and mild
splenomegaly, possibly with icterus, skin stigmata of liver
diseases, or oedema/ascites (30�60%), or hepatic ence-
phalopathy. As in cases of severe fatty liver, symptoms of
latent hepatic encephalopathy are also found in alcoholic
hepatitis. Gastric colonization by Helicobacter pylori,
which reduces gastric ADH activity, is considered to be a
risk factor (47). (s. pp 56, 266) • Laboratory findings are
characterized by the different types of course and their se-
verity. In general, GDH is greatly increased. Leucocytosis
(often considerable), reduced albumin synthesis and fever
are presumably caused by endotoxinaemia. The labora-
tory parameters may be changed to varying degrees � de-
pending upon the clinical forms described above. (5, 9, 11,
73, 81, 86, 87, 117, 123) (s. tab. 28.5) • The Maddrey risk index
is a useful tool for assessing the degree of severity in acute
alcoholic hepatitis. It is based on the formula: serum bili-
rubin value (mg/dl) plus (extension of prothrombin time
in sec. � 4.6). A value of > 90 indicates a severe course, a
value of 30�90 a moderate course and < 30 a mild course.
(82) • Sonographically, there is occasionally evidence of a
dilation of the hepatic artery (so-called pseudoparallel
channel sign). (49, 132) • Morphological findings are deci-
sive for diagnostic classification and prognostic evalua-
tion. Thus liver biopsy is indispensable � and most reli-
able in the form of a specific biopsy during laparoscopy
(including simultaneous photographic documentation).
(s. figs. 28.7, 28.10, 28.13, 28.15, 28.16) After all, it was
(unexpectedly) possible to find evidence of non-alcoholic
liver disease in 20% of alcoholics with the aid of morpho-
logical findings. • Explorative laparotomy is contraindi-
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cated due to high mortality following surgical interven-
tion (about 50%). (27, 50, 64, 77)

Continued alcohol abuse which results in chronic alco-
holic hepatitis in 60�70% of cases, can have a course of
several years and may finally pass into cirrhosis. (s. figs.

Fig. 28.10: Chronic alcohol-induced fatty liver hepatitis: scattered
light reflection due to irregular surface; brick-red colour with red-
dish-speckled pattern; reticular fibrosing process with enhanced
vascularization of the capsule

Fig. 28.11: Chronic moderate periportal and portal inflammatory
reaction with septal fibrosis and centrilobular steatosis in chronic
alcoholic liver damage (DD: mild chronic viral hepatitis C!) (van
Gieson)
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28.13, 28.14) This final stage of cirrhosis will develop
rapidly and in a relatively short period of time in about
40% of all cases. A healing process cannot be expected.
• In acute alcoholic hepatitis, the mortality rate is about
10%. A fulminant form is generally observed after acute
alcohol excess, with a fatal outcome in 90�100% of
cases. (11, 24, 34, 47, 82, 86, 90, 104, 145) (s. fig. 28.5!)

Total abstinence from alcohol renders the prognosis con-
siderably more favourable: some 30% of patients enjoy
a return to full health; a further 50�60% develop a
chronic course lasting several years, whereby approx.
half of this latter group ultimately experience complete
recovery. Cirrhosis is found in some 20% of all patients.

Treatment can be tried with pentoxifylline (3, 83) or, un-
der strict indications, together with prednisolone. (12, 20,
25, 57, 83, 112) • A combination of steroids with inflixa-
mab cannot be recommended. (127)

The healing process is based on regression of the inflam-
matory and degenerative reactions, and lasts several
months. The state of fibrosis present in the individual
case remains as diffuse organ damage. This fibrosis may
recede to a certain extent. • Despite total abstinence, the
disease may worsen due to self-perpetuation until the
stage of cirrhosis is reached. Immunological phenomena
(possibly antigen-antibody reactions, such as antihis-
tone 2B) (s. tabs. 5.20; 33.1) may be responsible for
this deterioration.

5.1.3 Alcoholic cirrhosis

There is a close relationship between alcohol consump-
tion and the development of cirrhosis. Nevertheless,
only 20�30% of all chronic alcoholics actually reach
this final stage. It should, however, be mentioned that
in up to 40% of cases, the presence of cirrhosis was only
discovered at autopsy. The reason for this is that alco-
holic cirrhosis is characterized by a wide clinical
spectrum, ranging from mostly symptom-free forms
through to severe disease, sometimes with high rates of
mortality (s. fig. 28.8). In Europe, alcohol is considered
to be the most common cause of cirrhosis (50�70%).
(5, 13, 70, 75, 90, 100�102, 107, 108, 123) (s. pp 406, 719)

To a large extent, subjective complaints, clinical findings
and laboratory values correspond to those present in
more severe forms of chronic alcoholic hepatitis. • It is
often the respective complications which point to the full
picture of cirrhosis: portal hypertension, splenomegaly,
oedema and ascites, coagulopathies, bleeding tendency,
hepatic encephalopathy, jaundice, more pronounced
skin stigmata of liver diseases, feminization, VOD and
oesophageal varices. Spontaneous bacterial peritonitis
and the hepatorenal syndrome seem to be frequent in
patients suffering from alcoholic cirrhosis. (10, 16, 34, 46,
50, 64, 71, 77, 81, 101, 109)

Sonographic scanning and other imaging techniques can
be helpful in further substantiating the existing form of
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alcoholic liver cirrhosis and in differentiating it more
closely as far as portal hypertension or ascites formation
are concerned. (s. fig. 28.12)

Fig. 28.12: Alcoholic cirrhosis with portal hypertension: stenosis
of the portal vein (see arrow) with stagnation of blood flow in the
portal vein (VP) and portal flow reversal (blue � hepatofugal) as
well as enhanced arterial flow (red). Arterial signals are visible in
the flow profile. Inhomogeneous liver structure

Fig. 28.13: Micronodular alcohol-induced liver cirrhosis

Fig. 28.14: Alcoholic cirrhosis with parenchymal steatosis and
slight cholestasis (Sirius red)
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The final morphological diagnosis is reached by means
of laparoscopy with photographic documentation (s.
figs. 28.7, 28.13) as well as targeted biopsies. (s. fig.
28.14) Laparoscopy is strongly indicated when hepato-
cellular carcinoma is suspected due to an increase in the
α1-foetoprotein value and/or sonographic peculiarities.

6 Complications
6.1 Alcoholic ketoacidosis

Alcohol-induced ketoacidosis must be differentiated
from a similar metabolic complication in diabetes melli-
tus (E.S. Dillon et al., 1940; D.W. Jenkins et al., 1971). With
chronic alcohol consumption and concurrent malnutri-
tion, metabolic acidosis is caused by a still unclear mul-
tifaceted pathogenesis (hypoinsulinaemia, lipolysis, ex-
treme increase in free fatty acids, rise in ketone bodies).
The clinical picture shows nausea, vomiting, dehydra-
tion, hyperventilation, fruity odour on breath, aceton-
uria and acetonaemia as well as a moderate form of
hyperglycaemia. This syndrome probably occurs more
often than has been hitherto assumed. (54)

6.2 Zieve’s syndrome

The syndrome described by L. Zieve (1958) (148) consists
of the triad (1.) jaundice, (2.) hyperlipidaemia and (3.)
haemolysis. Hyperlipidaemia involves all fractions. The
rapidly developing anaemia results in reticulocytosis,
and is at the same time responsible for enhanced eryth-
ropoiesis and an increase in lipid-storing reticular cells
(so-called foam cells) in the bone marrow. This syn-
drome may, in principle, occur in all forms of alcoholic
liver disease. It nearly always affects men, mostly
around the age of forty. Abortive forms only rudimen-
tarily show this triad of symptoms at a subthreshold
level, or any one of the other symptoms is missing alto-
gether. The syndrome, generally in evidence after acute
alcohol consumption, becomes manifest in the form of
lack of appetite, nausea, vomiting, diarrhoea, and often
severe colic-like abdominal pain, possibly mimicking an
acute abdomen (explorative laparotomy is absolutely
contraindicated!). The pathogenesis is still unresolved.
This syndrome is usually reversible within a few weeks
of abstaining from alcohol.

6.3 Cholestasis

In 15�25% of all patients with alcoholic liver disease,
cholestasis can be detected both histologically and in
laboratory findings. There is a correlation between mal-
nutrition and cholestasis. (see chapter 13)

Histological analysis reveals deposits of bile pigments in
the hepatic cells and bile casts. With increasing severity,
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the laparoscopic picture of the liver becomes more and
more striking. (s. fig. 28.15)

Fig. 28.15: Alcohol-induced cholestasis

A severe cholestatic syndrome (H. Ballard et al., 1961) can
be observed in patients suffering from alcoholic fatty
liver. (s. fig. 28.16) The clinical picture may correspond
to that of obstructive jaundice and cause great problems
in differential diagnosis, particularly because such pa-
tients may not have been known before to be suffering
from alcohol-induced liver disease. Extremely severe
forms to the point of acute liver failure have been ob-
served.

Fig. 28.16: Severe alcohol-induced cholestasis syndrome
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6.4 Fat embolism

In cases of severe fatty liver, there is indeed a risk of fat
embolism occurring in the lungs, brain and kidneys. In
view of the considerable fat masses stored in the hepatic
parenchyma due to this condition, R. Virchow suspected
the manifestation of fat embolism as early as 1886. (s.
tab. 31.9) Blunt traumatism of the (enlarged) liver with
subsequent mobilization of fat is thought to be the
cause of this condition. It is not clear at present whether
this so-called inundation theory offers sufficient explana-
tion or whether it needs to be amended or even replaced
by the so-called segregation theory (high lipaemia, de-
emulsification of blood fats, etc.). While hepatic fat
embolism may be rare, it is nevertheless clinically rele-
vant.

6.5 Portal hypertension

Portal hypertension may occasionally develop in the
course of severe fatty liver, since the sinusoids and
hepatic veins are compressed by massive fat deposits.
Even oesophageal varices, including bleeding, have been
observed. Fibrosing processes have not (yet) occurred
in the liver, so that portal hypertension is completely
reversible once the fatty liver has been cured. (s. pp
247, 586)

6.6 Primary liver cell carcinoma

Hepatocellular carcinoma (HCC) is found more often
in alcoholics predominantly suffering from irregular,
mixed nodular cirrhosis. The incidence is reported as
being between 10�20% (3�4/100,000 inhabitants). In
patients with alcoholic cirrhosis, HCC is found two to
six times more often than in cirrhosis of a different gen-
esis. Additional deterioration of the individual’s general
state, loss of weight, pain in the right upper abdomen,
slight fever or (pronounced) jaundice can point to the
development of HCC in alcoholic cirrhosis. There is a
substantial increase in α-fetoprotein (slightly elevated
and mainly constant values can also be found as a result
of regenerative processes in the liver or in cholestasis).
Alpha fetoprotein is a valuable marker in the follow-up
of a cirrhosis. • Neoangiogenesis is another important
factor in the development of HCC. The major media-
tors are VEGF, b-FGF, a-FGF, EGF, angiogenin etc.
(130) • With the help of sonography, it is usually possible
to detect HCC in alcoholic cirrhosis if the diameter is
> 1 cm; in cases of suspicion, CT is recommended. Alco-
hol itself is not carcinogenic, but is considered to be a
cofactor. A case of spontaneous regression of histologi-
cally proven HCC in a patient suffering from cirrhosis
following total abstinence attracted great attention (E.B.
Gottfeier et al., 1982). • Apart from hepatic hyperregener-
ation, other factors feature prominently in the patho-
genesis of HCC, such as alcohol-induced changes in
membrane properties with respect to the cellular ab-
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sorption of carcinogenic agents, disturbances in the bio-
transformation and enhanced activities of carcinogenic
agents due to alcohol, etc. There is a close connection
between HCC and HBV or HCV infection. (135) (s. pp
433, 444, 775) (see chapter 37)

7 Diagnostic alcohol markers

� Special questionnaires and laboratory tests have
been developed for the early diagnosis or differential
diagnosis of alcohol-induced liver disease, but also
with respect to an assessment of therapeutic success
and thus prognosis.

7.1 Questionnaire

The Michigan Alcoholism Screening Test (MAST)
(M.L. Selzer, 1971), which is probably more common
than any other test, has been simplified as brief MAST
(BMAST) (A.D. Pokorny et al., 1972) and short MAST
(SMAST) (M.L. Selzer, 1975). • The Munich Alcoholism
Test (MALT) (W. Feuerlein et al., 1977) has also proved
successful. • A test which is often used and easy to carry
out is the CAGE Test (D. Mayfield et al., 1974). (89) It
consists of no more than four brief questions: (1.) Have
you ever had the feeling you should cut down on your
alcohol consumption? (� Cut down); (2.) Have you ever
felt annoyed when your drinking behaviour was criti-
cized? (� Annoyed about criticism); (3.) Have you ever
felt guilty about your drinking habits? (� Guilty feel-
ings); (4.) Have you ever needed an “eye-opener” in the
morning? (� Eye-opener). If you answer 1 or 2 of these
questions in the affirmative, you have a serious alcohol
problem.

7.2 Laboratory findings as markers

The markers currently available still do not fulfil the
criteria of an ideal marker, particularly with respect to
sensitivity and specificity. However, when several tests
are combined, it is possible to gain some useful knowl-
edge. • The most simple and most specific test is, of
course, the detection of ethanol, e. g. in the blood, which
means that acute alcohol intake can be determined in a
“non-alcoholic”. In chronic alcohol consumption, how-
ever, the problem arises that an “alcoholic” possesses a
higher catabolic rate, i. e. alcohol is more rapidly broken
down. • The use of two biological marker types would
be of considerable clinical importance: a kind of marker
that reacts to alcohol consumption over a few days only
(e. g. in order to recognize relapses) and another kind of
marker which only reacts to long-lasting alcohol abuse
(e. g. for long-term control). However, these require-
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ments have not been met yet. (9, 21, 29, 30, 37, 87, 110, 115,
117, 122, 123, 143) (s. tab. 28.6)

I. Chronic consumption II. Acute consumption

1. γ-GT � 1. Blood alcohol �
2. MCV � 2. Blood sugar �
3. CDT � 3. Triglycerides �

� �
4. mGOT � 4. Potassium �
5. GOT/GPT � 5. Magnesium �
6. GDH � 6. Methanol �
7. IgA � 7. Serum acetate �

Tab. 28.6: Suggestion as to how to record chronic or acute alcohol
consumption by means of laboratory markers and how to deter-
mine important values in emergency situations typical of alcohol-
induced disease

� Gamma-GT is the most commonly used biological alcohol
marker, but this enzyme is not alcohol-specific. It is found in
increased concentrations in numerous hepatobiliary diseases as
well as in many extrahepatic conditions. Figures regarding γ-GT
positivity in alcoholic patients thus range from 30�90%. In gene-
ral, positivity can only be observed in regular and considerable al-
cohol consumption; the γ-GT value usually remains normal in
long-term, low-level alcohol intake. Intermittent alcohol consump-
tion (with several days of abstention in between) does not result
in an increase in γ-GT. Even an epsilon drinker (s. tab. 28.1) has
normal γ-GT values. Alcohol-induced cholestasis results in en-
hanced neosynthesis of γ-GT and is also responsible for the rise
in the serum value. Sensitivity is ca. 55%, specificity ca. 85%. The
half-life of the positivity is 26 days. (58, 96) (s. p. 97)

� Carbohydrate-deficient transferrin (CDT) is among the best
markers of alcohol abuse. The carbohydrate content of this protein
was found to be abnormal in alcoholics (H. Stibler et al., 1978), due
to a deficiency in sialic acid, neutral galactose and N-acetylglucos-
amine. Sensitivity ranges between 69 and 91%, while specificity
reaches almost 100%. These values are considerably lower in
women. A reaction occurs with an alcohol dose of 50�80 g/day
over a period of at least seven days. A positive result is obtained
at >26 U/l in women and >20 U/l in men. It is only primary biliary
cholangitis/cirrhosis which gives false-positive results, while false-
negative values occur in alcoholics suffering from liver insuffi-
ciency. The half-life of increased CDT is about 2 weeks. (31, 43,
96, 129) • The CDT/total transferrin quotient becomes elevated to
>1.3% (sensitivity 81%, specificity 97%) (L. M. Fletcher et al., 1991).

� An increase in mitochondrial GOT displays relatively good
specificity and sensitivity. It can be detected in the serum by immu-
nological methods (B. Nalpas et al., 1986). The positive prognostic
value of the increased mGOT/cGOT ratio was around 90%. (6)

� The GOT/GPT ratio increases in many cases to >1.5. A rise to
>2 is considered to be a reliable indicator of alcohol-induced liver
disease. (s. p. 95)

� A rise in GDH may be interpreted as an alcohol marker since,
as an intramitochondrial enzyme, it is mainly localized in the peri-
venous area of the acinus. It is here that most of the alcohol-in-
duced liver cell damage occurs. GDH is of minor importance as a
marker on its own and is only of relevance in combination with
other marker values. (94) (s. p. 96)

� A connection between macrocytosis and alcoholism was dis-
covered in 1938 (A. Bianco et al.). The mean corpuscular volume of
erythrocytes (MCV value) has been used as a marker of alcohol
since 1974 (K. W. Unger et al.). The pathogenesis of alcohol-induced
macrocytosis is still unresolved (potentially toxic effect of alcohol,
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folic acid deficiency). However, an elevated MCV value (>95 fl) is
a clear sign of heavy drinking, in particular the consumption of
high-proof spirits. Due to the longevity of erythrocytes of about
120 days, elevated MCV values take several months to fall in the
course of abstention. Determination of MCV is part of modern
blood analysis and this value is therefore regarded as a routine test.
Sensitivity ranges between 65�73%, specificity between 90�95%.

Immunoglobulin A is often increased in alcoholics. The IgA/IgG
ratio can also be helpful in differential diagnosis. However, IgA is
not elevated directly by alcohol, but by the underlying alcoholic
liver disease. (140, 144)

HDL cholesterol rises at an alcohol intake of >75 g/day over a
period of 5 weeks; however, the underlying mechanism remains
uncertain. This value may also be influenced by medication or
smoking, for example, just as a decrease in HDL cholesterol may
be caused by alcohol-induced liver damage. • The rise in apolipo-
protein A II (based on >60 g alcohol/day over 3 weeks) seems to
be more specific in this context. This value, however, normalizes
very quickly during abstention.

Detection of β-hexosaminidase in the blood and urine is sensitive
enough (69�86%) and indeed suitable for routine testing. The re-
sult is, however, greatly influenced by extrahepatic and hepatic
factors or diseases. (56)

An increase in urinary dolichol proved to be promisingly sensitive,
particularly because a positive value was already observed after just
1 to 3 days of alcohol intake, with a half-life of only 3 days; however,
positive values may also be observed under numerous other condi-
tions, and thus the specificity is reduced considerably. (114)

Progressive fibrosis under continued alcohol consumption can, if
necessary, be evaluated by determination of P III P (s. p. 112) (78,
97, 138) or apolipoprotein I.

Previous experience has shown that some markers are
important, while others are only of minor value. Sensi-
tivity may be improved to over 80% with certain com-
binations of single tests, in particular when the principle
of discriminant functional analysis is applied (D.M.
Chalmers el al., 1981). • In order to examine chronic alco-
hol consumption, a triple test combination would be of
advantage, which, in the individual case, could be sup-
ported by additional values derived from the set of four
tests. (s. tab. 28.6) • When determining and differentiat-
ing acute alcohol consumption, the values of the triple
test combination can be upgraded by additional tests
for better clinical reliability. This would also help to de-
termine important, so-called alcohol-typical emergency
situations, including Zieve’s syndrome. (s. tab. 28.6)

8 Prognosis

The following factors are decisive in achieving a favour-
able prognosis for all forms of alcoholic liver disease:
(1.) total abstention from alcohol, (2.) extent of irrevers-
ible loss of liver parenchyma, (3.) exclusion of other risk
factors (e. g. obesity, diabetes mellitus, malnutrition), (4.)
additional effects of hepatotoxic substances (e. g. medi-
cation, chemical agents), and (5.) coexistence of further
alcohol-induced organ damage. (5, 23, 37, 80, 81, 86, 99,
102, 108)
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Risk factors

1. Non-compliance with alcohol abstinence
2. Severity of existing liver damage
3. Existing metabolic disorders
4. Additional toxic substances
5. Further alcohol-induced organ damage

The prognosis for alcoholic fatty liver is good when ab-
stention is uncompromisingly maintained, and complete
reversibility can be expected within a few weeks or
months. • In contrast, alcoholic hepatitis has a fatal out-
come in 10�20% of cases. When alcohol consumption
is continued, about 40% of patients develop cirrhosis,
while some 60% persist for several years. However, when
alcohol abstention is maintained, only 15�20% of cases
develop cirrhosis, some 50�60% persist for up to 3
years, and 20�30% recover completely. Half of the per-
sistent cases normalize again. There is a five-year sur-
vival rate in 50�70% of patients (depending on sever-
ity), with the mortality rate remaining almost constant
after the third year. • In alcoholic cirrhosis, the two-year
mortality rate can reach 85% with continued alcohol
consumption, but falls to 10% with strict abstention. (2)

9 Therapy

9.1 Alcohol abstinence

Complete and life-long abstention is an absolute neces-
sity � this is the decisive factor for any prognosis. • The
initiation and stabilization of abstinence from alcohol is
made easier by a new antiethylic substance called acam-
prosat, which is water-soluble and permeates the blood-
brain barrier. Above all, it has almost no side-effects. •
Optimally, an addict must aim at constant abstinence, i. e.
“remaining dry”, which happens in 35�50% of cases.
He / she relapses on renewed consumption of alcohol.

9.2 Nutrition

Nutrition should provide a balance between carbohy-
drates, proteins and fats. Preference should be given to
lactovegetarian proteins (0.9�1.1 [�1.3] g/kg BW).
Lipid intake should contain a certain percentage of un-
saturated fatty acids; however, in digestive insufficiency
for example, the administration of medium-chain tri-
glycerides is required. Great importance should be at-
tached to ensuring a sufficient supply of vitamins and
trace elements. • Calorie intake needs to be adjusted to
the patient’s nutritional status. Obesity should be re-
duced. Enteral feeding is better than parenteral feeding.
Malnutrition requires parenteral feeding, as do severe
courses of disease. In a catabolic state, as is often found
in chronic alcoholics, it is important to achieve a posi-
tive nitrogen balance, which is obtainable by amino acid
infusions, in particular branched-chain amino acids (0.3
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g/kg BW). • Nutrition should be in accordance with the
individual state of the patients and their metabolic con-
dition. Three normal meals and two additional snacks
are recommended. (5, 61, 65, 91, 119, 125, 131) (s. pp 741, 850)

9.3 Substitution

Among other things, chronic alcohol intake results in
vitamin deficiency, particularly of B1, B6 and folic acid
as well as vitamins A and E. (92, 136) The reasons for
this include (1.) insufficient food intake, (2.) reduced in-
testinal resorption, or (3.) intrahepatic disorder of the
vitamin metabolism. Apart from that, (4.) intestinal vi-
tamin resorption becomes diminished in later life. As a
result, the necessary amount and diversity of vitamins
cannot be obtained through normal nutrition. Apart
from a diet “rich in vitamins”, a daily dose of multivita-
min preparations is advisable. Here, too, resorption
losses need to be taken into account. When parenteral
feeding is necessary, multivitamins are also added. • Al-
coholics often suffer from a considerable B1 deficiency,
with the risk of developing polyneuropathy and Wer-
nicke’s encephalopathy. Administration of the fat-sol-
uble B1 prodrug benfotiamine is therefore recommended.
• With chronic alcohol intake, zinc and selenium defi-
ciency is often in evidence. (136, 147) Owing to their im-
portant biological functions, especially as antioxidants,
daily substitution (i.v. if necessary) is advisable. Zinc can
also be administered intravenously. (s. pp 50, 51, 857)

9.4 Physical exercise

In severe forms of alcoholic liver disease, bed rest, either
in strict or semistrict form, is called for. • Once the dis-
ease has reached a phase in which muscular activity
seems to be desirable, non-strenuous sport, gymnastics
or swimming might be helpful. Physical exercises that
can easily be carried out at home have proved successful
in such cases (and also in latent HE): 2 or 3 times a day
10 to15 slow knee-bends, 10 to 15 toe-stands, 10 to 15
arm-bends, and 10 to 15 back-bends, so that some 60%
of the musculature are regularly used. (s. pp 650, 732)

9.5 Drug therapy

When treating alcoholic liver diseases, it should be taken
into account that one is generally dealing with chronic
alcoholics. Therefore, one should be aware of the fact
that a withrawal syndrome might occur, possibly requir-
ing the application of clomethiazole, haloperidol or
clonidine. • In this complicated phase, the administra-
tion of zinc is likewise recommended. (138)

� Reviewing treatment strategies in alcoholic liver dis-
eases is difficult. On the one hand, individual (exoge-
nous and endogenous) pecularities in the alcoholic play
an important role and are not easy to assess, and on
the other hand, it is difficult to determine the respective
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severity or the current stage of the disease. (s. tab. 28.4)
(s. fig. 28.8) In all treatment groups, numerous uncer-
tainties remain. This may be the reason for the fre-
quently controversial results which arise even in well-
designed clinical studies. (5, 48, 72, 74, 81, 83) (s. pp 56, 764)

Antioxidants: Combined application of the antioxidants zinc, sele-
nium and tocopherol yielded better treatment results and a re-
duced mortality rate in alcoholic hepatitis. (75, 139) Alcohol-in-
duced liver diseases are considered to be diseases associated with
“free radicals”: oxidative stress is thought to be a contributory
factor of disease. (51, 145)

Silymarin: Its main active ingredient silibinin, well proven in the
treatment of amanita poisoning, has been tested in almost 100
experimental and more than 120 clinical studies. Its essential ef-
fects are: (1.) protection of biological membranes against noxious
agents, (2.) antioxidant effect (so-called radical scavenger), (3.) in-
hibition of fibrosis, and (4.) stimulation of protein synthesis. Re-
commended dosage : 300�500 mg/day in 2 or 3 single doses. (s.
p. 867)

EPL: The substance known as “essential” phospholipid is the
highly purified fraction of phosphatidylcholine with polyunsatur-
ated fatty acids in positions C1 and C2 (� PPC), whereby 1,2
dilinoleylphosphatidylcholine is the main active ingredient. This
exact biochemical definition is important, since similar substances
do not display the effects of EPL as far as cell protection against
toxic substances and inhibition of fibrosis are concerned � as was
shown in many experimental and clinical studies. Recommended
dosage : 3 � 300 mg/day over a longer period of time. (72, 74) (s.
p. 865)

Glucocorticoids: In florid alcoholic hepatitis, particularly in acute
intermittent attacks, administration of glucocorticoids in the form
of prednisolone has beneficial effects, especially with respect to
reducing early mortality. Diagnosis of acute alcoholic hepatitis
should be made with the help of liver biopsy prior to commence-
ment of prednisolone therapy. Treatment was given over a period
of 4 to 6 weeks, with subsequent step-by-step dose reduction. A
long-term course of treatment is not recommended. In cases of
alcoholic cirrhosis, the prognosis is more likely to worsen. (12, 20,
25, 57, 112)

Colchicine: Since its first administration by M. Rojkind et al. in
1973, the good results could not be repeated. Today colchicine is
no longer recommended. (28)

Pentoxifylline: Increasing levels of tumour necrosis factor are asso-
ciated with an increase in the mortality rate in severe acute alco-
holic hepatitis. (11) Recently, it was reported that pentoxifylline
(an inhibitor of TNF) can improve short-term survival due to a
decrease in the risk of developing the hepatorenal syndrome. Dos-
age was 3 � 400 mg orally/day.

Anabolic steroids: In order to improve anabolism and to stimulate
hepatic regeneration, application of oxandrolone (80 mg/day over
4 or 5 weeks) may be considered. Good results have been achieved
in alcoholic hepatitis following initial treatment.

Propylthiouracil: The therapeutic aim is the inhibition of a hyper-
metabolic status and the prevention of pericentral necrotizing pro-
cesses. Dosage: 300 mg/day. So far, no efficacy could be proved.

S-adenosylmethionine: In animal experiments, SAMe protected the
liver against alcohol-induced damage. SAMe is an important do-
nor of methyl groups. The alcohol-related lack of glutathione in
the liver and the erythrocytes can be compensated with SAMe.
Good results could also be achieved in alcoholic cirrhosis. SAMe
is without side effects and relatively inexpensive. It can be adminis-
tered orally or intravenously. (88) The effectiveness of this sub-
stance is seen in its alleged capacity to stabilize the biological mem-
branes. (s. p. 864)
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Anti-TNFα (infliximab at 5 mg/kg BW) proved effective in alco-
holic hepatitis. (53, 127)

9.6 Liver support system

MARS: A new therapy option is the use of a macromo-
lecular adsorbed recirculating system. (52, 62) (s. p. 385)

9.7 Liver transplantation

Patients suffering from alcoholic liver cirrhosis in the
Child-Pugh C stage may well have a chance of liver
transplantation. However, prerequisites are: (1.) a min-
imum period of 6 months and (predictable) continued
abstention, (2.) emotional stability, (3.) stable socio-eco-
nomic situation, (4.) no other alcohol-induced organ
damage, and (5.) subsequent psychotherapeutic sup-
port. • Treatment results are no worse than in non-alco-
holic patients: the five-year survival rate is about 70%
in both groups, the alcohol relapse rate is about 10%.
• Without liver transplantation, the survival rate with
continued alcohol consumption was 40% after 5 years,
and when abstention was maintained, it was 63%. (42,
79, 103, 111, 113, 141)
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1 Drugs as foreign substances

Xenobiotics: Xenobiotics are defined as exogenously
administered or endogenously produced foreign sub-
stances that impair and ultimately damage the ecol-
ogy and homoeostasis of cellular systems. This defin-
ition also includes medicinal preparations. (s. p. 52)

All orally or parenterally administered drugs enter the
liver and from here, after passing through biotransfor-
mation systems, are released into the cardiovascular sys-
tem in an unconverted or a metabolically converted
state. In addition, systemic effects have to be anticipated
in cases of topical administration (cutaneous, inhalant).
• Metabolic processes generate metabolites, more speci-
fically catabolites (� degradation products) and anabo-
lites (� synthesis products). These biochemical pro-
cesses are catalyzed or controlled inside and outside the
cell by enzymes, hormones and the neurovegetative sys-
tem. • Exogenous substances may also be metabolized
and excreted without enzymatic processing by spontan-
eous chemical conversion (� metabonates).

� Of the many different xenobiotics, only a small fraction are
sufficiently water-soluble to be excreted in an unchanged state via
the kidneys or the bile. These are strongly polar groups such as
penicillin, cephalosporin, tetracycline, thiazide, amiloride and
cromoglycic acid; so far, no metabolites of these substances have
been found. The phase-I reaction comprises non-synthetic pro-
cesses such as the oxidation, reduction or hydrolysis of medicinal
products. This largely takes place in the endoplasmic reticulum via
the cytochrome P-450 isoenzyme system. For the metabolism of
foreign substances, CYP 3 A 4 is quantitatively important. • The
mainly lipophilic foreign substances can only be eliminated by bio-
transformation, i. e. by the metabolic production of water-soluble
compounds. Phase-II reactions also occur due to specific transfer-
ases. The medicinal preparation as well as its metabolites are con-
jugated by various substances; this mainly takes place in the cyto-
sol of the hepatocytes. These conjugation processes develop slowly
during the first weeks of life. The metabolization of drugs via the
kidneys, intestinal mucosa, muscles, lungs and skin is of minor
importance in this context. (s. pp 52�55) Biotoxometabolites (or
biotoxometabonates) may occur as a result of faulty biochemical
reactions. (s. fig. 3.11) • The metabolization of medicaments also
involves antioxidants (s. p. 67) as well as some functions of the
hepatic RES. (s. pp 64�66) • The biochemical mechanisms related
to the metabolism of xenobiotics may be affected by non-variable
factors such as genetics, gender and age, or by variable factors. In
individual cases, such factors may be of crucial importance. (s. tab.
3.18) (s. fig. 3.11) • The pharmacokinetic characteristics of a cer-
tain drug may be largely determined by the pharmacogenetics of
the single patient. The enzymes responsible for biotransformation
are also influenced by genetics; this affects largely the phase-II
reactions (and occasionally the oxidation process in phase I).
Genetic polymorphism prevails if a certain enzyme variant is found
in �1% of the population. (9, 29, 65, 96)

Medicaments that have a hepatic clearance of >60% when passing
through the liver (bioavailability � 30�40%) are termed “high
clearance substances”. This rate of clearance depends on the
hepatic circulation. • Medicaments with a hepatic clearance rate

542

of <30% (bioavailability � 70�80%) are termed “low clearance
substances”. The clearance process itself largely depends on the
metabolic function of the liver. • With increasing age and/or with
the existence of liver disease, hepatic clearance and the biotrans-
formation of medicaments decline, whereby phase I is predom-
inantly affected. Thus medicinal products that are mainly meta-
bolized during phase II are not impaired. (see chapter 3.12).

The recognition that a system which metabolizes drug
products can also produce highly reactive toxic meta-
bolites has proved crucial. As the liver has the highest
number of enzyme biotransformation systems, it is the
main site of production of such reactive metabolites and
is thus more susceptible to damage. • Medicaments must
therefore be regarded as potentially hepatotoxic sub-
stances. Basically, they can trigger a vast range of func-
tional and morphological changes in the liver. The
resulting hepatic damage can mimic almost any acute
or chronic liver disease. This means that in terms of func-
tion, morphology and clinical presentation, it is virtually
impossible to differentiate between drug-induced liver dis-
eases and the non-iatrogenic liver diseases they mimic.

Drugs always have to be considered in the differential
diagnosis of any case of liver disease lacking un-
equivocal clarification. The diagnosis of a pharma-
con-related liver disease depends on the reliable
exclusion of other potential causes of the existing dis-
ease as well as on the so-called withdrawal trial.

2 Frequency

Quantification: With regard to their frequency,
adverse side effects are classified as (1.) frequent
(>10%), (2.) occasional (1�10%), (3.) rare (<1%), (4.)
very rare (<0.1%), and (5.) isolated cases (not yet
quantifiable).

Surprisingly � but also understandably, given the great
difficulties related to any reliable quantification � very
little information is available regarding the frequency of
adverse side effects in patients taking medication. A
total of 2.3% or 1.9�6.2%, sometimes even up to 20%,
of all hospitalizations has been attributed to drug-
related diseases; 2�5% of all hospitalized types of
jaundice and 25% of all patients with acute necrotizing
hepatitis have been diagnosed as medication-induced
toxicosis. • A ten-year study carried out in Sweden
between 1966 and 1975 listed 274 deaths due to
pharmaceutical preparations, 23 (9%) of them with
toxic liver damage. (11) In Denmark, the incidence of
drug-induced side effects doubled within the space of
ten years (1978�1987). (32) In Japan, there was an 11-
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fold rise in such side effects during a period of 30 years.
One French study gives the incidence of drug-induced
liver damage as 13.9%. (105) • Various types of liver
damage have been identified as resulting from some
1,000 medicinal preparations produced worldwide.
Acute liver failure may be caused by approximately 40
medicaments. The fatality rate was reported at 11.9%,
whereby the risk of death did not differ significantly
between hepatocellular and cholestatic patterns. (49)
Over the past fifteen years, the incidence of drug-
induced chronic hepatitis or cirrhosis has dropped to
< 10% due to the fact that “dubious drugs” are not
administered so frequently and that there is greater care
and prudence in drug usage. This also applies to certain
other forms of damage, e. g. malignancy, VOD, ade-
noma, FNH. (11, 69, 73, 84, 132)

� A comprehensive survey carried out in 1988 in a total
of 2,008 medical practices in Germany found drug tox-
icity in 12.4% of the 7,095 patients suffering from liver
disease (60): on average, the patients had been taking
medication for approximately four years, with a max-
imum period of regular intake of up to 30 years (!). In
32.4% of patients, the liver had been exposed to a
“double burden” as a result of the concomitant and
regular daily ingestion of alcohol. The combination of
two or more hepatotoxic drugs increased the risk con-
siderably! This finding is of remarkable practical rele-
vance. • In 1989 we conducted a renewed survey in an
additional 2,990 medical practices (2,650 in Germany
and 340 in Austria) and found that 17.7% of cases of
acute liver disease in Germany and 14.3% of cases in
Austria had been caused by drug toxicity, while 25.1%
of cases of chronic hepatic disease in Germany and
22.1% of cases in Austria were attributable to the intake
of medicaments. (61)

3 Pathogenesis

The pathogenesis of drug-induced liver damage is an
individual, albeit multifactorial process. The main mech-
anisms known to date include:
(1) Lipid peroxidation: Free radicals induce peroxidation of the

unsaturated fatty acids of the ER. As a result, there is fatty
degeneration of the liver, whereby the mitochondria and bio-
membranes are damaged (possibly leading even to cell death).

(2) Oxidative stress: This process causes a depletion of glutathione
in the hepatocytes with subsequent damage to (and even death
of) liver cells.

(3) Inhibition of β-oxidation: The enhanced formation of mito-
chondrial oxygen radicals in the presence of fatty degeneration
of the liver causes lipid peroxidation, which can lead to steato-
hepatitis and fibrosis or cirrhosis.

(4) Inhibition of protein synthesis: Some substances can inhibit
RNA polymerase II and III (s. fig. 3.5). This in turn impairs the
synthesis of enzymes, structural proteins and apolipoproteins.
The result is fatty degeneration of the liver and cell necrosis.

(5) Disorder of haem synthesis: Inhibition of hepatic coproporphy-
rinogen-oxidase and uroporphyrinogen-decarboxylase can give
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rise to secondary copro- and uroporphyrinuria or porphyria
cutanea tarda.

(6) Inhibition of bile acid transport: More than 100 medicaments
can cause intrahepatic cholestasis. In this case, the canalicular
transport mechanisms are impaired. The retained bile acids
damage the cells.

(7) Immunoallergenic reactions: Chemically generated neoantigens
trigger a cytotoxic immune response to those hepatocytes that
have such neoantigens on their surface.

(8) Carcinogenesis: Highly active or metabolically activated for-
eign substances may form DNA adducts, which culminate in
mutations, above all in the p 53 gene.

Drug metabolism in the liver is subject to numerous
endogenic and exogenic influences. They interfere with
various biotransformational reactions, alter the sensitiv-
ity of the liver to drug products and determine the
pattern of damage (see above).

(1) Non-variable factors are genetics, gender and age.
(2) Variable factors are coexisting diseases (diabetes, liver

or renal disease, endocrinopathies), overweight, mal-
nutrition (e. g. lack of protein), alcohol, additional
medication, tobacco smoke particles, heavy metals
and pregnancy as well as drug-related overdose, long-
term intake or application form, etc. (s. tab. 3.18)

Foreign substances, including medicinal products, are
classified as obligate (directly effective) or as facultative
(indirectly effective) hepatotoxins, depending on their
degree of hepatic toxicity. Hepatotoxins are therefore
grouped as either directly toxic or indirectly toxic
according to the pathogenetic mechanisms of liver dam-
age. Indirect hepatotoxins may, however, also cause an
idiosyncratic type of liver impairment through immuno-
logical or metabolic mechanisms. (54, 65, 66, 69, 73, 88, 96,
115, 132) (s. tab. 29.1) (s. fig. 29.1)

3.1 Obligate hepatotoxins

Direct hepatotoxins cause liver damage in all exposed
persons (i. e. it is always predictable). They cause toxic
damage. This direct toxic response occurs either because
the hepatotoxic foreign substance cannot be detoxified
at all or because detoxification by biotransformation
does not proceed rapidly enough. Following a relatively
short and usually stable latent period, the hepatotoxin
directly effects the destruction of cellular structures, e. g.
by inactivating enzymes of the intermediary metab-
olism, by denaturation of cellular proteins or by lipid
peroxidation. (s. fig. 21.12) This leads to fatty infiltration
or necrosis of the liver cells. Obligate hepatotoxic medi-
caments are rarely clinically tested, since their hepatic
toxicity is normally recognized at an early stage in ani-
mal testing. However, negative results from tests carried
out on animals cannot guarantee absolute safety. This
has been demonstrated in the case of the preparations
benoxaprofen and ticrynafen, in which the respective
hepatic toxicity was only recognized after they had been
administered to “thousands of patients”. (66) Obligate
hepatotoxic pharmacons are only likely to be tested
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clinically if their therapeutic benefit substantially out-
weighs their hepatic toxicity (e. g. as an effective cyto-
static agent). • Some medicinal preparations that were
shown initially to be non-hepatotoxic may, however,
become obligate (directly) hepatotoxic substances in
overdoses (� intoxification), as is the case with iso-
niazid, mercaptopurine, methotrexate, paracetamol,
tetracycline, etc.

3.2 Facultative hepatotoxins

In contrast, indirect hepatotoxins only cause liver dam-
age in a small number of exposed persons (i. e. it is not
predictable). There is an individual, situation-related
propensity towards the biotransformational production
of indirect hepatotoxins or a manifestation of individual
hypersensitivity (� idiosyncrasy). • Indirect toxic hepatic
damage results from the interference of foreign sub-
stance metabolites (which are, strictly speaking, bio-
toxometabolites) with specific reactions of the inter-
mediary metabolism. Such primary metabolic disorders
include, for example, the alkylation or acylation of pro-
teins, a lack of ATP or UTP, the blocking of receptors
as well as of SH groups, or the binding to nucleopro-
teins. Only at a subsequent stage do these disorders
result in structural damage: steatosis or necrosis of liver
cells, cholestasis and also tumour formation. This type of
impairment displays the features of facultative hepato-
toxins. • Idiosyncratic liver damage is caused by faculta-
tive hepatotoxins. It only occurs in persons with a spe-
cific hypersensitivity to the ingested foreign substance
or to one of its metabolites. Idiosyncratic liver damage
may take an immunological or a metabolic course.

In the immunological type of hepatotoxicity, the foreign
substance or one of its metabolites is bound to a liver
cell protein. This leads to the production of a hapten
(antigen), which in turn triggers a humoral or cell-medi-

Criteria Hepatotoxic xenobiotics

• obligate • facultative
(� direct) (� indirect)

Liver damage

• directly toxic • indirectly toxic
• idiosyncratic

� immunological
� metabolic

1. Predictable toxicity � �
2. Latent period short, long, varied

relatively stable (weeks � months)
3. Dose dependency � �
4. Reproducibility � �
5. Evidence from animal � �

experiments

Tab. 29.1: Pathogenetic criteria of hepa-
totoxic xenobiotics and the basic types
of liver damage induced by foreign sub-
stances
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ated immune reaction and helps to detect autoanti-
bodies, especially LKM-2 and LKM-3. Immunology-
related liver damage is often accompanied by allergic
symptoms (e. g. fever, exanthema, pruritus, arthralgia,
eosinophilia) and by correspondingly identifiable histo-
logical findings (granulomas, eosinophilic infiltrations).
• The metabolic type is reflected in an abnormal meta-
bolic reaction, which occurs in a small number of
exposed persons who are highly sensitive to the xeno-
biotic or to one of its metabolites. In general, this abnor-
mal type of metabolism is primarily a genetic disorder.
It results in the production of biotoxometabolites. This
mechanism is thought to come into play with isoniazid
and iproniazid, to name two examples. Symptoms of
cholestasis are present, and AMA-M6 positivity is fre-
quently observed. (46) Idiosyncratic damage is also char-
acterized by steatosis or necrosis of the liver cells as well
as by a hepatitic reaction. (s. fig. 29.1)

However, these two types of damage resulting from facultative
hepatotoxins do not explain all pathological metabolic effects,
such as the occasional occurrence of allergens, mutagens, procar-
cinogens, antivitamins and “new” toxins. (s. fig. 3.11) • In this
context, two hypotheses are conceivable: on the one hand, these
pathological “end products” may develop in combined toxic/idio-
syncratic liver impairment and on the other hand, the “end pro-
ducts” may develop as a result of biotoxometabolites binding to
specific cellular proteins, sometimes to “altered” cellular proteins
after the occurrence of toxic liver damage.

4 Morphological reactions

4.1 Adaptive changes
The xenobiotic-related induction of the biotransformation system
usually leads to an initial adaptive response: hyperplasia of the
SER (� smooth endoplasmic reticulum) occurs. (s. pp 55, 394,
524) (s. fig. 21.2) The cytoplasm takes on the turbid appearance
of opalescent glass. These ground glass hepatocytes (s. pp 114, 396,
424) (s. figs. 5.7; 22.8) are not produced by all foreign substances,
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Fig. 29.1: Diagram illustrating
potential pathogenetic mechan-
isms related to drug-induced
toxic liver damage

1. Direct
hepatotoxins

2. Indirect
hepatotoxins

1. Metabolic
type

2. Immuno-
logical type

= Global = Partial
cell damage cell damage

a. Selective
metabolic disturbances

b. Selective
secretory disturbances

Necrosis Necrosis Cholestasis Necrosis

Steatosis Steatosis Necrosis Steatosis

Cholestasis Cholestasis

Tumour formation

I
Hepatotoxins

I I
Idiosyncrasy

I I I
Combined forms

but they may be evident as an unspecific finding in chronic hepa-
titis B. The cytoplasm is fine-grained or fine-alveolate and looks
pallidly eosinophilic. The nucleus, as well as the rough endoplas-
mic reticulum, move to the clearly contoured cell membrane. Ani-
sokaryosis and binuclear liver cells point to an accelerated cell
metabolism. In addition, giant mitochondria are sometimes present.
(s. fig. 28.3) (s. pp 395, 525)

If a sufficient level of adaptation cannot be achieved, regressive
alterations occur; homogeneous cytoplasm droplets are produced,
which are then transformed into pigment granules of the lipofuscin
type. It is a characteristic of lipofuscinosis that, after the xenobiot-
ically induced adaptation of the smooth reticulum (s. p. 395), it
appears in enlarged, hypertrophied liver cells � unlike lipo-
fuscinosis in brown atrophy. (s. fig. 21.3) • There is no sharp dis-
tinction between adaptive and alterative hepatic changes. Single-
cell necrosis may already be present in this border area, possibly
activating the local stellate cell system. • There may be a vast range
of morphological changes, depending on the individual manifest-
ation, the pathogenetic mechanisms and the administered dosage
of a drug as well as the duration of its intake.

4.2 Morphological changes

Alterations in the liver parenchyma as a result of foreign
substances are characterized by several parenchymal,
mesenchymal and vascular basic reactions as well as by
benign or malignant neoplasia. It seems reasonable to
classify the morphological findings in accordance with
the acuteness and chronicity of their occurrence � bear-
ing in mind all fundamental and individual reservations
with regard to their systematization. (s. tab. 29.2).

4.2.1 Steatosis

Microvesicular steatosis (s. p. 582) presents as deposits of tiny lipid
particles in the cisterns of the endoplasmic reticulum. The lipid
particles are thus surrounded by a membrane. The nucleus remains
at the centre of the cell. • Macrovesicular steatosis (s. p. 580) often
develops further into necrosis if the intake of a foreign substance
is continued. (s. tab. 29.10) • Phospholipidosis is regarded as a spe-
cial type of steatosis. The hepatocytes are enlarged and display a
foamy cytoplasm resulting from a marked increase in phospholip-
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Acute liver damage Chronic liver damage

1. Parenchymal findings 1. Parenchymal findings
• Steatosis • Chronic hepatitis

� microvesicular • Cirrhosis
� macrovesicular • Primary biliary cholangitis
� phospholipidosis 2. Inflammatory reactions

• Necrosis • Granulomas
� single

3. Vascular changes� focal
• Veno-occlusive disease� diffuse
• Budd-Chiari syndrome� group necroses

• Cholestasis 4. Fibrosis
� canalicular 5. Tumours
� hepatocanalicular • Adenomas

• Jaundice � adenoma
2. Vascular changes � focal nodular hyperplasia

• Intimal hyperplasia • Carcinomas
• Dilation of sinusoids � hepatocellular
• Peliosis hepatis � cholangiolar
• Portal vein thrombosis • Sarcoma

• Angiosarcoma3. Inflammatory reactions
• Infiltrations

4. Combined forms 6. Combined forms

Tab. 29.2: Xenobiotic-induced acute and chronic types of morpho-
logical liver damage (with fundamental and individual reserva-
tions) (s. tab. 29.10)

ids. Electron microscopy shows crystalline inclusions. This idiosyn-
cratic hepatic lesion of the metabolic type has been observed for
example during the administration of amiodarone. This substance
has a long half-life and therefore remains in the liver for several
months. Potentially fatal cirrhosis may occur. (s. p. 582)

4.2.2 Necrosis

Hepatocellular necrosis usually presents as coagulation necrosis. It
is an aetiologically unspecific event that can have various causes,
but it constitutes the most significant type of xenobiotic-induced
hepatic damage. Cellular necrosis may affect either single cells or
cell groups. (s. p. 400) A relatively characteristic feature of drug-
induced toxicity are group necroses that are usually perivenously
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localized, sometimes sector-like and accentuated, always clearly
demarcated and often confluent. Idiosyncratic liver damage
induced by halothane leads to necrosis affecting the entire liver
lobule in a diffuse way. (s. fig. 29.2) • Cellular necrosis is often
preceded by cell ballooning (s. p. 395) (s. fig. 21.4), which may
appear as (1.) toxic swelling of cells or (2.) cellular hydrops. The
hydropic cells are enlarged; they do not store any glycogen and
look pallid. Cytoplasmic basophilia is reduced. The cisterns of the
smooth endoplasmic reticulum are greatly enlarged as a result of
fluid storage. The hyperchromatic nucleus perishes due to karyoly-
sis; cell death follows. (s. tab. 29.10)

Fig. 29.2: Necroinflammatoric (“toxic”) hepatitis after halothane
intoxication (HE) (s. tab. 29.10)

4.2.3 Cholestasis

Xenobiotic-induced cholestasis is detected in three morphological
types: (1.) intercellular in the form of biliary thrombi, which are
found in the dilated canaliculi, with adjacent hepatic cells usually
displaying pericanalicular condensation of the rough endoplasmic
reticulum as well as frequent manifestation of cellular hydrops; (2.)
intracellular in the form of bile droplets, which can be demon-
strated as bile deposits of varying sizes or as small bile-imbibed
protein particles � this type points to severe cell damage; (3.)
mixed form of intercellular and intracellular cholestasis. (s. p. 229)
(s. figs. 13.2, 13.5; 29.3, 29.4) Disturbed bile acid excretion is often
accompanied by feathery degeneration of hepatic cells. (s. figs. 13.4;
22.4) (40, 63, 67, 73, 84, 91, 115) (s. tab. 29.10)

Occasionally, ductopenia (� vanishing bile duct syn-
drome) is observed. This condition is given when more
than half of the portal fields in a large biopsy specimen
fail to feature a bile duct. The irregular distribution of
the lesions can make it very difficult to form a diagnosis
based on just one biopsy specimen. The safest way is to
carry out several biopsies (e. g. with the help of laparo-
scopy) and to make an assessment based on more than
20 portal areas. (8, 31, 93, 118, 128) (s. tabs. 29.3; 29.10)

Jaundice: Hyperbilirubinaemia may be caused by drug-induced
haemolysis. This disorder is regarded as an undesired drug action
rather than liver damage brought about by foreign substances,
since the bilirubin metabolism of the hepatic cells is not affected.
Differential diagnosis must first rule out this haemolytic aetiology.
Jaundice (icterus) may be ascribed to various causes. (s. p. 218)
Laboratory examinations and light microscopy have shown that
several medicaments can (initially) cause a specific jaundice type,
which continues in this same form until it disappears completely.
If the effect of the substance and the course of the jaundice persist,
this drug-induced disorder can lead to cholestasis and morpho-
logical changes. (24, 42, 47, 134)
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Ajmaline Flucloxacillin
Amitryptyline Gold salts
Amoxycillin Haloperidol
Ampicillin Imipramine
Azathioprine Methyltestosterone
Barbiturates Norandrostenolone
Carbamazepin Perchlorperazin
Carbutamide Phenytoin
Chlorothiazide Promethazine
Chlorpromazine Tenoxicam
Cimetidine Tetrazycline
Clindamycin Tiabendazole
Cyclohexylproprionat Tiopronin
Cyproheptadin Tolbutamide
Erythromycin Trimethoprim
Estradiol Trioleandomycin

Tab. 29.3: Some medicaments that may provoke ductopenia (�
vanishing-bile duct syndrome) in isolated cases. (s. tab. 29.10)

Fig. 29.3: Mixed (intracellular and canalicular) cholestasis follow-
ing the use of dextropropoxyphene hydrochloride (s. tab. 29.10)

� In a study of our own, we were able to demonstrate
thiamazole-induced jaundice (maximum serum bilirubin
8.2 mg/dl with constantly normal values of AP, LAP and
transaminases) over a period of more than five months.
(s. fig. 29.4)

Fig. 29.4: Pronounced bilirubinostasis and cholate stasis as well
as Kupffer cell cholestasis (see arrow) following administration of
thiamazole (HE) (s. tab. 29.10)
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4.2.4 Inflammatory reactions

The pattern of damage is as follows: steatosis, necrosis
and cholestasis. They occur either as defined individual
phenomena or (more frequently) in combination.
Depending on the severity and extent of these morpho-
logical findings, two forms of inflammatory reaction are
possible: (1.) mesenchymal reaction and (2.) cellular
infiltration.

Mesenchymal reaction shows an activation of the stellate
cell system; the stellate cells and the mononuclear
phagocytosis system proliferate. (s. p. 397) Stellate cell
nodules form. (s. fig. 22.3) This process spreads from the
sinusoids at the site of the lesion to include neighbour-
ing parenchymal cells. The reticular lattice fibre is dam-
aged and sometimes even destroyed. • In a more massive
lesion, the inflammatory process spreads to the portal
zone; histiocytes, lymphocytes and eosinophilic leuco-
cytes lead to portal zone cellulations with oedematous
dilations, in some cases subsequent to portal fibrosis (s.
fig. 21.14), or to cholangitis of the PBC type (s. fig. 29.5)
as well as of the PSC type.

Fig. 29.5: Slightly florid, destructive cholangitis (see arrow) resul-
ting from an ACE inhibitor (HE) (s. tab. 29.10)

� The hepatic mesenchyma may also respond with the
formation of granulomas. (12, 57) (s. p. 398) This may
well be the only morphological reaction provoked by
foreign substances, although the formation of granulo-
mas can sometimes be accompanied by the phenomena
of steatosis, necrosis or cholestasis. From the pathogen-
etic perspective, granulomas can be caused by direct
toxic as well as idiosyncratic lesions. The formation of
granulomas has been observed during the administra-
tion of numerous pharmacons, e. g. sulphonyl urea. (s.
fig. 29.6) • Collidon (polyvinylpyrrolidon) is used in
plasma substitutes. It is stored in Kupffer cells if the
molecular weight is > 80,000. The substance has a yel-
lowish-brown colour, which with HE staining presents
as greyish-blue, coarse-grained pigment. Collidon is
PAS-positive. Generally, it can only be detected six
months after administration. (s. fig. 29.7)
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Fig. 29.6: Epithelioid cell granuloma resulting from sulphonyl urea
therapy (HE) (s. tab. 29.10)

Fig. 29.7: Collidon storage: resorptive reaction of Kupffer cells and
multinuclear macrophages to collidon deposits ten months after
administration of plasma expander volume. Insert: Collidon gra-
nuloma

Cellular infiltration may vary in its degree, depending on
the extent of the parenchymal lesion as well as on the
type and duration of the toxic effect. A more severe
inflammatory reaction corresponds to non-specific
reactive hepatitis. (s. p. 392) (s. figs. 21.1; 29.8)

Fig. 29.8: Hepatic impairment with monocellular infiltration fol-
lowing administration of carbamazepine (s. tab. 29.10)
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In this context, cell infiltrates consisting of leucocytes
and lymphocytes can be found within the acinus and/or
in the portal field; in contrast, in immunological-allergic
impairment mechanisms, it is primarily lymphocytic
and eosinophilic-leucocytic infiltrations that become
manifest. This cellular reaction is also reversible.

4.2.5 Vascular reactions

Medicinal agents (such as contraceptives) may result in
proliferations of the intima in the hepatic artery and its
branches. In some cases, these arterial alterations were
associated with thrombosis in the hepatic veins. • Phar-
macons can trigger three different forms of damage to
the sinusoids: (1.) dilation of the sinusoids (e. g. by con-
traceptives), (2.) perisinusoidal fibrosis (e. g. by azathio-
prine, vitamin A and cytostatic agents), and (3.) peliosis
hepatis (e. g. by contraceptives, anabolic and androgenic
steroids, azathioprine, chenodesoxycholic acid). (13, 28,
130) (s. p. 398) (s. fig. 21.8)

The hepatic veins may be affected by xenobiotic-
induced occlusion resulting from thrombosis or from
proliferation starting in the intima and subsequently
producing (secondary) thrombosis. An occlusion of the
large hepatic veins is known as the Budd-Chiari syn-
drome. There are two distinct types, the truncular and
the radicular form, the latter corresponding to veno-
occlusive disease. (s. p. 249) Contraceptives (J.A. Ecker

et al., 1966) and cytostatic agents are held responsible.
Women develop this type of hepatic disease more than
twice as often as men. (s. fig. 29.9)

Fig. 29.9: Budd-Chiari syndrome with obliterated radicular vein
(see arrow) after administration of contraceptives (van Gieson) (s.
tab. 29.10)

Occlusion of the small hepatic veins is called veno-occlu-
sive disease (VOD) (G. Bras et al., 1954; K.L. Stuart et al.,
1957). It is identical to the radicular type of the Budd-
Chiari syndrome. (s. p. 249) Cytostatics and azathio-
prine are among the alleged causal agents. (121, 130)
Diagnosis is based on imaging techniques (ultrasound,
CEDS, CT), and sometimes on liver biopsy. (s. fig.
29.10) (see chapter 39)
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Fig. 29.10: Intima proliferation and thrombosis of a (radicular)
hepatic vein resulting from Senecio alkaloids (HE) (s. tab. 29.10)

4.2.6 Liver tumours

Benign tumours
As regards the neoformation of benign tumours, distinc-
tion is made between nodular adenoma and focal nodu-
lar hyperplasia (FNH). Because there are several transi-
tional types between these two forms, they are generally
regarded as variants of the same basic type of tumour
(H.-W. Altmann, 1980). Both types may be multiple. (s.
tab. 29.10)

Diagnosis: Benign hepatic tumours triggered by medica-
ments are generally diagnosed at a late stage or coinci-
dentally during abdominal sonography. The tumour
develops asymptomatically over an extended period of
time. • Symptoms only appear when the tumour has
grown to a certain size: upper abdominal pressure and
occasional pain radiating to the back or to the right
shoulder. This may point to tumoural bleeding, the for-
mation of subcapsular haematoma or impending rup-
ture. A rupture is accompanied by the obvious signs of
acute abdomen and the symptoms of haemorrhagic
shock (possibly with simultaneous abdominal trauma,
straining or retching). • Diagnosis is possible by ultra-
sound and other imaging techniques (if necessary, with
contrast medium). Laparoscopy also provides a reliable
diagnosis. If at all, biopsy is only indicated by laparos-
copy and using a fine needle or Robbers forceps (there
is a possible danger of bleeding due to the high degree
of vascularization). • Values beyond the normal labora-
tory parameters (bilirubin, AP, LAP, GPT, cholinester-
ase, etc.) are only evident once the tumour has reached
a certain size. We have found subnormal or very low
GGT values in almost all women taking oestrogen.
Increased γ-GT values were accompanied by the onset
of cholestasis. (see chapter 36)

Adenoma: The potential association of hepatic adenoma
with the long-term use of oral contraceptives was first
suggested by I.K. Baum et al. in 1973. Although the detec-
tion of adenoma was extremely rare before 1954, more
than 400 cases were published by 1985. This figure has
probably risen even further, but such findings have sel-



Drug-induced liver damage

dom been published since that time, as the diagnosis
was often deemed not worth reporting. Thanks to the
ultrasound technique, which is now used on a routine
basis, hepatocellular adenomas rarely escape detection
today. Most of them are located close to the surface. (77)
(We have data on 8 unpublished cases) (s. fig. 29.11)

Fig. 29.11: Adenoma (approximately 5 cm in diameter) following
long-term use of oral contraceptives (s. tab. 29.10)

Focal nodular hyperplasia: FNH is the most common
benign hepatic neoplasia. As with adenoma, it may
develop after the patient has taken oestrogens for a
longer period (usually more than 4 or 5 years). In some
cases, the lesion develops within 6 to 12 months after
intake begins. (13, 125) When the oral contraceptives are
discontinued, the tumour regresses or disappears (com-
pletely). The rate of both oestrogen-induced hepatocel-
lular adenoma and FNH was considerably reduced after
the introduction of low-dose oral contraceptives.

Fig. 29.12: Focal nodular hyperplasia in the left liver lobe follow-
ing 7 years’ use of oestrogen (same patient as in fig. 29.12)
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Fig. 29.13: Focal nodular hyperplasia with parenchymal nodules
between fibrotic areas resembling portal zones (same patient as in
fig. 29.11)

A genetic predisposition is assumed on the basis of fre-
quency within families. The liver-damaging effect seems
to be closely connected to the C18 and C19 steroid ring
and alkylation in the 17α-position. Even the simulta-
neous occurrence of an adenoma and FNH under
oestrogen administration has been described.

While there is a clear connection between adenoma
formation and the intake of oestrogens, the association
between FNH and oestrogens, albeit plausible, still
lacks confirmation. However, our own observations
strongly suggest a causal relationship. (s. figs. 29.12,
29.13) FNH may also be caused by azathioprine, clofi-
brate and nitrofurantoin.

Malignant tumours
Evidence that focal nodular hyperplasia tends to degen-
erate into malignant tumours is still lacking. • Hepato-
cellular adenomas pose the (rare) risk of developing into
hepatocellular carcinoma (M. Davis et al., 1975). Several
cases have been published in recent years. (44, 86, 119) We
can add our own observation here. (s. fig. 29.14)

Fig. 29.14: Liver cell adenoma after 21 years’ use of oestrogens,
with subcapsular focal bleedings and malignant degeneration
(hepatocellular carcinoma) (s. tab. 29.10)
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� A 60-year-old female patient was referred to us for
differential diagnosis of cholestasis after having taken
oestrogen for about 21 years (substitution following bilat-
eral removal of polycystic ovaries): AP 206 U/l, LAP 52
U/l, γ-GT 7 U/l (!), GPT 42 U/l, GOT 32 U/l, GDH 12
U/l, copper 192 µg/dl, cholinesterase 2,150 U/l. Repeated
measurements consistently provided normal values for �1-
foetoprotein; haemogram, LDH, iron, etc. were normal;
demonstration of adenoma by ultrasound and CT, but with
additional “unclear structures.” Laparoscopy confirmed
the adenoma, together with several subcapsular bleeding
foci and hepatocellular carcinoma (identified by forceps
biopsy).

In contrast to primary hepatocellular carcinoma, the �1-
foetoprotein values are normal (G. Klatskin, 1977), which
is also true of the case we presented above. In opposi-
tion to this, a rapid increase and significant rise in AFP
values have been reported. Metastasis formation is rare
and always relatively late. • It has been observed that
hepatocellular carcinoma can follow the intake of hor-
mone-based contraceptives as well as long-term admin-
istration (several years) of 17α-alkylated androgenic,
anabolic steroids and methotrexate. Cholangiocarcinoma
may also be caused by the long-term intake (several
years) of hormone-based contraceptives, androgenic
agents and α-methyldopa. The formation of angio-
sarcoma has likewise been attributed to the long-term
use of oral contraceptives, oestrogens, androgenic and
anabolic drugs. (s. tab. 29.10)

Diagnosis: Malignant tumour formation is accompanied
by inappetence and weight loss, pain in the upper right
abdominal quadrant, fever, specific laboratory findings
and paraneoplastic symptoms. (see chapter 37)

4.2.7 Fulminant liver failure

Fulminant or protracted liver failure is caused by medi-
caments in 10�15% of cases. A reduction in the func-
tional liver mass to < 20�35% is deemed to be a critical
stage. However, the death of the patient may already
occur due to secondary metabolic disorders (so-called
exogenous hepatic coma) before the extent of the paren-
chymal loss has fallen below the critical threshold (so-
called endogenous hepatocellular disintegration coma).
(s. tab. 29.10)

Three forms of drug-induced liver failure are distin-
guished: (1.) obligate, dose-dependent toxicity (e. g. para-
cetamol, (s. fig. 20.3), (2.) unpredictable, idiosyncratic
liver insufficiency (e. g. isoniazid), and (3.) immunoaller-
gic idiosyncrasy (e. g. halothane) (s. fig. 29.2).

Initially, unspecific complaints frequently include nau-
sea, inappetence and fatigue. • In some patients, idiosyn-
cratic hepatocellular damage may be accompanied by
hypersensitive reactions (e. g. fever, exanthema, eosino-
philia, lymphocytosis, arthralgia).
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Obligate, dose-dependent drug-induced toxicity need
not be feared, since substances which predictably cause
severe toxicity are not usually applied as medical reme-
dies. It is only in cases where the therapeutic effect
clearly outweighs the known type of damage that an
obligate toxic substance is administered as a therapeutic
agent � but in accordance with strict criteria!

It should be mentioned that almost all cases of fulmi-
nant or protracted liver failure caused by a certain sub-
stance are isolated occurrences that cannot be foreseen.
They develop as a result of individual idiosyncrasy
despite correct dosage and observation of all possible
interactions. (s. tab. 29.4)

Acarbose Labetalol
Allopurinol Leflunomide
Amiodarone Lisinopril
Amphotericin B MAO inhibitor
Antirheumatics Methotrexate
Benoxaprofen Methyldopa
Bromfenac (48, 83) Minocycline
Carbamazepine Nefadozone
Clozapine (71) Nibutamid
Cotrimoxazole Nimesulide (74)
Cyproterone Niperotidine
Cytostatics Ofloxacin
Diapsone Omeprazole
Dicoumarol (15) Paracetamol (75)
Didanosine Pemoline
Dideoxyinosine Phenhydrane
Disulfiram (131) Phenprocoumon (80)
Ebrotidine Phenytoin
Ecstasy (6, 45, 97) Pirprofen
Enflurane Probenecid
Etoposide Prophylthiouracil (50, 98)
Exifon Pyrazinamide
Fluconazole Rifampicin
Flutamide Rosiglitazone
Gemcitabine (94) Sulphonamide
Halothane Tetrabamate
Hydroxychloroquine Tetracycline
Ibuprofen Triazolam (52)
Imipramine Tolcapone
Interferon-α Troglitazone (36)
Isoflurane Usnic acid (27)
Isoniazid Valproic acid
Ketoconazole Zoxazolamine

Tab. 29.4: Some medicaments that may provoke idiosyncratic ful-
minant or protracted liver failure in isolated cases (with some refe-
rences) (s. tab. 29.10)

The mortality rate depends on the cause of disease, the
patient’s age as well as the intensity and duration of
encephalopathy. Since the introduction of liver trans-
plantation and temporary liver-supporting systems, the
mortality rate in acute liver failure has been reduced
markedly. (48)

The initial diagnosis is based mainly on the determin-
ation of laboratory values, which can be used as starting
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point for assessing the further course of disease. • The
same applies to sonography as regards the determination
of liver size and echo structure. Liver size can also be
determined exactly by means of CT. (s. tab. 29.5)

� GC protein (group-specific component) is an α2-globulin which
is synthesized in the liver and which binds actin released due to
hepatocyte decay. Decreased GC-protein values in the plasma are
thus attributable both to its reduced synthesis in acute liver failure
and its increased binding to actin as a result of hepatocellular
disintegration. A value of < 34 µg/ml was associated with a lethal
outcome in some 70% of cases.

Basic diagnostics Coagulation
haemogram Quick’s value
urine analysis AT-III
electrolytes T-AT-III complex
glucose factor II, V
blood gas analysis
LDH

Liver Kidney
GPT, GOT, GDH urea
bilirubin creatinine
cholinesterase
GC protein

�
Sonography

�
CT

Tab. 29.5: Diagnostic measures in suspected fulminant liver failure

5 Clinical aspects

Liver damage caused by drug-induced toxicity, more
specifically the intrahepatic obstructive type of jaundice
resulting from the intake of arsphenamine, was first
described by F. M. Hanger et al. in 1940. (42)

5.1 Clinical courses

Toxic liver damage does not produce a characteristic
clinical picture. It is determined by the underlying lesion
pattern. Clinical courses range from asymptomatic to
symptomatic and from acute to chronic. (1, 9, 27, 49, 54,
64, 70, 73, 82, 84, 85, 103, 115, 132)

� asymptomatic
� symptomatic

1. acute � normalized
2. acute � chronic
3. chronic � chronic
4. chronic � normalized

� healed with residual fibrosis

Drug-related hepatic damage can mimic almost any
liver disease and must, therefore, always be included in
the differential diagnosis. (s. tab. 29.6)
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1. Jaundice type
� bilirubin �

2. Cholestasis type
� AP, LAP, γ-GT �

3. Jaundice-cholestasis type
� bilirubin, AP, LAP, γ-GT �

4. Fatty liver type
� γ-GT �, perhaps GPT, ChE �

5. Hepatitis type
� GPT, GOT, GDH, γ-GT �

DeRitis quotient �1
6. Cholestatic hepatitis type

� GPT, GOT, GDH, γ-GT, AP �

7. Necrosis type
� GPT, GOT, GDH �

DeRitis quotient �1
generally bilirubin, AP, γ-GT �; ChE, Quick �

8. Cholangitis type
� GPT, GOT, GDH, γ-GT, AP �

possibly bilirubin �, ChE �
possibly autoantibodies �

9. Chronic hepatitis type
10. Cirrhosis type
11. Fibrosis type
12. Vascular type
13. Tumour type

14. Combined forms

Tab. 29.6: Morphological reactions or laboratory findings result-
ing from hepatic damage caused by drug-induced toxicity (s. tab.
29.10)

Thus a pure jaundice type can occur with unconjugated
hyperbilirubinaemia, or a cholestasis type is witnessed,
which may or may not be accompanied by simultaneous
jaundice. (s. figs. 29.3, 29.4) The fatty liver type often
starts out uneventfully with no abnormal laboratory
values until increased levels of γ-GT and, in several
cases, an additional rise in GPT and ChE occur. The
hepatitis type with greatly varying laboratory values also
produces a clinical picture with multiple interpretations:
it may present as acute hepatitis, protracted or persistent
hepatitis, non-specific reactive hepatitis or “granuloma-
tous” hepatitis. The liver damage may progress as a cho-
lestatic hepatitis type, necrotic type (s. fig. 29.2) or cho-
langitis type (s. fig. 29.5), with the corresponding
indicative laboratory findings. • Chronic courses include
chronic active hepatitis type, cirrhosis type and fibrosis
as well as vascular or tumour type. • Combined forms of
damage are also frequent. Their diagnostic categoriza-
tion presents considerable difficulties. (s. tab. 29.6)

5.2 Anamnesis

Sometimes, there are no complaints at all. Mostly, how-
ever, patients have atypical complaints, which are possi-
bly suggestive of toxic liver damage:

common cold fever nausea
diarrhoea lack of appetite pruritus

lacrimation
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5.3 Clinical findings

The following clinical findings can be considered as
additional symptoms for the detection of liver damage
caused by drug-induced toxicity:

abdominal pain leucocytosis/leucopenia
arthralgia lymphadenopathy
conjunctivitis myalgia
eosinophilia rhinitis
exanthema scratching

5.4 Laboratory findings

The focus is on determining γ-GT as an indicator of
long-term (several weeks) intensive activation of the
biotransformation system as a result of drug intake �
once other causes of elevated γ-GT have been excluded.
(s. p. 97) Generally, the γ-GT level remains normal dur-
ing the intake of oral contraceptives or long-term con-
tact with halothane (values are even subnormal in
patients taking oestrogen). • A rise in GPT (usually also
in GOT) suggests the development of drug-induced
hepatocellular damage. Generally, a so-called inflamma-
tory type (DeRitis quotient < 1) can be identified. (s. p.
95) In this context, γ-GT is regarded as the screening
enzyme for drug-related activation of the biotransfor-
mation system, and GPT is seen as the screening
enzyme for the resulting liver damage. • Decreased levels
of cholinesterase point to a reduction in ChE synthesis
in the area of the rough endoplasmic reticulum due to
drug-related toxicity. Intake of hormone-based contra-
ceptives likewise leads to diminished ChE activity. (s. p.
103) • The increase in AP suggests a toxic hepatic lesion
of the cholestasis type (with or without jaundice), pos-
sibly with simultaneously augmented or normal GPT
(and GOT). (s. p. 101) • This so-called threefold pattern
(γ-GT, GPT, ChE) is regarded as an efficient and
rational test to demonstrate hepatic damage with a sen-
sitivity of approx. 95%. Cholestasis is detected by the
fourfold pattern (γ-GT, GPT, ChE, AP) with a sensitiv-
ity of approx. 96%. (s. p. 103) (s. tab. 5.11) Additional
diagnostic findings can be generated from the enzyme
ratios. (s. p. 95) (s. tabs. 5.6, 5.7; 29.5, 29.6)

Evidence of autoantibodies, such as ANA, AMA and
SMA, points to the immuno-allergic pathogenesis of
drug-induced liver damage. These autoantibodies can be
detected both singly and in a combined form. Usually,
they occur in low titres. As a rule, they have been found
with clometazine, fenofibrate, oxyphenisatin, papaver-
ine, etc. Anti-LKM 2 was detected after the administra-
tion of ticrynafene, and anti-LM after dihydralazine.
(The subgroup AMA anti-M6 was identified as a specific
antibody following the intake of iproniazid (46); it has
not been found since iproniazid was taken off the mar-
ket). However, autoantibodies are of no diagnostic value
in medication-induced liver damage.
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5.5 Search for causes

In most cases, the search for the causal toxin must be
carried out with detective-like meticulousness. However,
neither in the physician’s practice nor in the hospital can
this search be conducted with the required precision,
since the time available is not sufficient to establish the
individual medication history in depth, or the patient is
generally agitated and cannot answer detailed and direct
questions satisfactorily. Drug- and/or chemical-related
anamneses are often incomplete or unreliable, because
the patient was not given sufficient time at the doctor’s
surgery and was not able to take a close look at the
medicines kept at home in order to provide more precise
answers. • For these reasons, our check-list, which is
given to the patient in the form of a questionnaire, has
proved to be of great assistance over many years. (s.
tab. 29.7)

Intake via
� mouth � skin
� inhalation � blood vessels

Since when? Until when?
How much? How often?

1. Medication?

2. Hormones? (oral contraceptive, etc.)

3. Chemicals? (job, hobby, home, garden, environment)

4. Alcohol?

5. Drug abuse?

6. Cosmetics? (after-shave, personal hygiene products)

7. Tonics?

8. Aphrodisiacs? (potency drugs)

9. Premixed herbal teas?

10. Food preservatives? Special foodstuffs?

11. Body contact with chemicals? Synthetics?

12. Journeys abroad?

Tab. 29.7: Check-list for the detection of possible hepatotoxic
xenobiotics

Very few terms in this questionnaire require further
explanation, and we also include some brief instructions
about how to answer the questions. The patient has suf-
ficient time to think about the individual questions
either at home or in the hospital, is able to consult fam-
ily members and may even take several days to complete
the questionnaire. While discussing the responses with
the doctor, further information can be added. This may
require repeated and sometimes outright “inquisitory
questioning”, as the patient (1.) may have forgotten to
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mention certain medicaments or may not consider them
as such (e. g. laxatives), (2.) may be ashamed to admit
taking or abusing certain agents (e. g. aphrodisiacs �
sometimes of rather obscure composition), (3.) may fear
detection or may not wish anyone to know (e. g. abuse
of drugs, alcohol, analgesics or soporifics), or (4.) may
also consciously (or subconsciously) repress the prob-
lems connected with toxic liver damage in line with a
generally increasing tendency towards self-medication
and a firm belief in tablets.

However, it must be considered that it is often only the
combined intake of medicaments, alcohol and other
chemical substances that gives rise to such biotoxometa-
bolites, which do not form when the respective sub-
stance is taken on its own. (60, 61)

� Discrepancies between pathologically altered labora-
tory parameters and minor or uncharacteristic histo-
logical changes, or even normal findings in the biopsy
specimen, are regarded as almost typical for liver dam-
age resulting from drug-induced toxicity. • In individual
cases, however, the histological findings can be attri-
buted to a specific chemical substance once the toxin
has been identified. • As a rule, laboratory and morpho-
logical findings are all the more distinctive when the
hepatic detoxification mechanisms have been constantly
used and are ultimately exhausted.

5.6 Herbal remedies

Remedies prepared from herbal extracts have been used
by all peoples since ancient times. • In recent years,
herbal remedies have enjoyed growing popularity in
modern societies. This trend can be explained by the
following factors: (1.) ecological movements in industri-
alized states call for a return to natural products, (2.)
there is a widespread naive opinion that a natural prod-
uct cannot be anything else but a good product, and
(3.) it is commonly believed that unlike chemical prepar-
ations, herbal remedies are free of side effects.

Apart from the therapeutic effect, the special active
agent can at the same time act as a facultative hepato-
toxin in individual cases. • Furthermore, the production
of herbal remedies may involve certain errors and risks
which can be crucial factors in the development of liver
damage. (s. tab. 29.8)

1. Misidentification of the medicinal plant
2. Contamination of the plant

� e. g. chemicals, heavy metals, microorganisms
3. Use of unsuitable or wrong parts of the plant
4. Variations in the formation of active plant substances due

to different conditions of growth
5. Adulteration of active agents during conditioning
6. Mislabelling of the end product

Tab. 29.8: Certain errors or risks involved in the preparation of
herbal remedies
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It is difficult to clarify the hepatotoxicity of herbal
remedies, especially if they are comprised of a mixture
of several plants or various components of the plant.
Moreover, herbal remedies are often applied as
automedication, and patients withhold the information
that they have used them. (s. tab. 29.9) (s. fig. 29.15)

Plants containing pyrrolizidine alkaloids

� Crotalaria
� Heliotropium
� Senecio
� Symphytum officinale

� These alkaloids are the main cause of VOD

Reported hepatotoxicity Hepatitis Necrosis ALF

Atractylis gummifera � � (R)
Callilepsis laureola � � (R)
Cassia angustifolia �

(Senna)
Chinese herbs � � (R)
Larrea tridentata � (R)
(Chaparral) (35, 56, 106)
Lycopodium serratum �

(Jin Bu Huan) (89) � (R)
Pennyroyal � � (R)
(Hedeoma pulegioides)
(Mentha pulegium)
Piper methysticum
(Kava) (99, 116)
Teucrium chamaedrys � (R)
(Germander) (26, 91)

Suspected hepatotoxicity

Azadirachza indica Teucrium polium
Berberis vulgaris Valeriana officinalis
Scutellaria lacteriflora etc.

Tab. 29.9: Medicinal plants with reported or suspected facultative
hepatotoxicity (ALF � acute liver failure, R � rare) (with some re-
ferences)

Fig. 29.15: Chronic toxic hepatitis after 10 months chaparral
(“creosote bush”) automedication. • Laparoscopy: marked acinar
structure, irregular chagreen-like surface (splintered light reflex)
and extremely fine fibrosis; histology: single cell necrosis, slight
inflammatory infiltrations and moderate steatosis



Chapter 29

Information about the effectiveness or safety of herbal
remedies is based on experience transmitted over cen-
turies rather than on controlled trials or toxicity studies.
Numerous medicinal plants have been reported to pos-
sess facultative hepatotoxicity, or there is suspicion
thereof. (53, 72, 76, 90, 108, 109)

Kava extracts can, if overdosed (> 60�120 mg kavapyr-
ones/day) and/or taken over a longer period (> 3
months), cause hepatotoxicity in the form of hepatic
reactions and liver cell necrosis; in rare cases, they may
even cause cholestasis and acute liver failure (possibly
leading to liver transplantation). Risk factors include
the concomitant intake of medicaments and alcohol as
well as a genetically based deficiency of cytochrome
P 450 2 D6. (99, 116)

5.7 Test procedures

5.7.1 Withdrawal trial

The elimination of the causal noxa leads to an improve-
ment in the pathological laboratory values, which repre-
sents an important diagnostic finding. This procedure
constitutes the most significant therapeutic measure. •
If various medicaments or substances are suspected to
have caused the damage, one noxa after the other
should be discontinued, and the effect of discontinu-
ation on laboratory parameters should be tested after
four to six weeks. The causal noxa normally “reveals
itself” during this test. The drugs shown to be non-toxic
can then be administered again, although laboratory
parameters should be tested continuously to rule out
any “false diagnosis”. If a false diagnosis is established,
the procedure (i. e. diagnostic and therapeutic with-
drawal trial) will have to be repeated. • When hepatotox-
icity due to home- or workplace-related exposure is sus-
pected, laboratory parameters should be tested just
before the patient goes on holiday as well as immediately
after his/her return. This is of special significance if the
patient is absent from work and/or home for at least 2
or 3 weeks. • Alcohol intake, in any form or quantity,
must be prohibited during the withdrawal trial. This
also applies to holiday trips that are intended to be used
for such a test. • Reliable results can only be achieved if
the patient complies fully with the stringent requirements
of a withdrawal trial and cooperates well!

5.7.2 Re-exposure trial

� Re-exposure trials are regarded as unacceptable
because dangerous exacerbations may occur. In add-
ition, negative re-exposure trial results would not suffice
to rule out drug-related liver damage completely.

At present, there are no biochemical methods that
facilitate early and reliable identification of the drug-
induced toxicity which causes the liver damage.
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6 Prognosis

Patients with liver damage resulting from medicament-
induced toxicity generally have a good prognosis.
Changes regress completely after discontinuation of the
implicated drug. However, it may take several weeks or
months for the laboratory values and morphological
findings to normalize. • Changes in the connective tissue
remain (unless there is spontaneous reversal). These
alterations appear histologically as fine periportal or
periacinous fibroses (13), and laparoscopically as delicate,
partly reticular fibroses, perivascular connective tissue or
as a finely pimpled hepatic surface. (s. figs. 28.7, 28.10) •
Vessels affected by thrombosis generally remain closed
unless spontaneous thrombolysis or recanalization
occurs. • The mortality is high for acute necrosing types of
damage (e. g. 30�50% of halothane-induced cases). The
prognosis may also be poor when various toxins take
effect at the same time. The disease can progress, even
though the causal toxin has been eliminated. An auto-
immune process may have been triggered, or another
chemical substance may have taken over the function of
the eliminated causal noxa.

7 Therapy

� Liver damage may not only be caused by a certain
substance, but also by an interaction of a combina-
tion of substances (e.g. multi-drug therapy, numerous
constituents in plants) � moreover, this can happen
in different individual ways.

The treatment of drug-induced liver damage comprises
a wide range of measures. • (1.) Discontinuation of the
implicated noxa is regarded as the most effective ther-
apy. • (2.) In cases of acute intoxication, elimination of
the noxa from the body is essential (e.g. gastrointestinal
lavage, forced diuresis) (s. p. 572!) • (3.) In certain intoxi-
cations, the application of an antidote is required (e.g.
N-acetylcystein, silibinin, deferoxamine) (s. pp 383, 571,
625). • (4.) In the case of lipid peroxidations, it is not
known precisely to what extent a therapeutic effect is
achieved by adjuvant treatment with antioxidants. (s. p.
67) • (5.) This also applies to adjuvant efforts to treat
drug-induced cholestasis by reducing toxic-hydrophobis
bile acids (e.g. lithocholic acid) with the help of urso-
deoxycholic acid. The use of S-adenosyl-L-methionine
has been considered in this context. (s. p. 241) • (6.) In
rare cases, the use of glucocorticoids may be indicated. •
(7.) Symptomatic measures may be undertaken in indivi-
dual cases. They include increased intake of fluids and
vitamins as well as electrolytes (if required). • (8.) In
patients with severe courses and also in the Budd-Chiari
syndrome, the therapeutic measures are the same as in
acute liver failure. (s. pp 382 ff.)
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8 Hepatotoxic remedies (selection)
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Acarbose�) (14) �
Acetohexamide � �
Acetylsalicylic acid � � � � � �
Acyclovir � � �
Acipimox �
Adriamycine �
Ajmaline � � � � �
Albendazole �
Alendronate (23) � �
Allopurinol�) � � � � �
Amiodarone�) (68) � � � �
Amitriptyline � � � � �
Amoxicillin (7, 37, 93) � � � � �
Amphotericin B�) � � � �
Anticonceptives � � � � � � � � � � �
Aprindine � �
Asparaginase (101) � �
Azathioprine (95) � � � � � � � � �
Azithromycine (17) � �

Barbiturates � � � �
Bendazac �
Benosilate �
Benoxaprofen�) � �
Bromfenac�) (48, 83) � � �
Buprobin � �
Busulphan � � �

Candesartan �
Captopril � � �
Carbamazepine�) (31) � � � � � � �
Carbason �
Carbenicillin �
Carbenoxolone �
Carbimazole�) � � � � �
Carbromal�) �
Carbutamide � � �
Carisoprodol �
Carmustine �
Celecoxib �
Cephalosporin � � �
Cetirizine (30) �
Chlorambucil � � � � � �
Chloramphenicol � � � �
Chlordiazepoxide � � �
Chlormezanone � �
Chloroquine �
Chlorothiazide � � � � � � � �
Chlorpromazine�) � � � � � � � � �
Chlorpropamide � � � �
Chlortetracycline � � �
Chlorthalidone � �
Chlorzotocin �
Cimetidine � � � �
Ciprofloxacin (63, 133) � � � �
Cisplatin � � �
Clofibrate � � �
Clomethiazole�) � � �
Clorazepat �
Cloxacillin (34) �
Clozapine�) (71) � � � � �
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Contraceptives � � � � � � � � � � � �
(28, 44, 77, 86, 114, 121)
Cotrimoxazole�) � � �
Cromoglicic acid �
Cryoteron � �
Cyclophosphamide � � �
Cyclosporine �
Cyproterone�) � �
Cytarabine � � �

Dacarbazine�) � �
Dactinomycin�) � � � �
Danazol�) � �
Dantrolene�) � � � � �
Dapsone�) � �
Daunorubicin � � �
Desipramine�) � �
Dextropropoxyphene �
Diazepam � � � � �
Diclofenac (41) � � �
Dicoumarol�) � �
Didanosine�) � �
Diethystilboestrol � � � � � �
Dihydralazine�) � � � � � � �
Diltiazem � � �
Disopyramide � �
Disulfiram�) (131) � � � �
Doxorubicin � � � � �

Ebrotidine�) (5) � � �
Ecstacy�) � �
Enalapril � � �
Enflurane�) � �
Erythromycin�) � � � � � �
Etacrynic acid � � � �
Ethambutol �
Ethinylestradiol � � �
Ethionamid (59) � � �
Etofoside � �
Etretinate � � � � �
Exifon � � �

Famotidin �
Fenbufen � �
Fenofibrate (33) � � � �
Flavaspidic acid �
Floxuridine �
Fluconazole�) � �
Fluoxymesterone � � � �
Fluphenazine � �
Flurazepam � �
Flutamide�) (20, 92) � � � �
Furadantin � � � � �

Gabapentin �
Gatifloxacin � � �
Gemcitabine�) (94) �
Glafenine � �
Glibenclamide � � �
Gliclazide (19) � �
Glucocorticosteroids � � �
Gold salts�) (8, 21) � � � � �
Griseofulvin � � �
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Haloperidol � � � � �
Halothane�) (29, 39, 79) � � � � � �
Heparin � � �
Hycanthon � � �
Hydrochlorothiazide � � �

Ibuprofen�) � � �
Idoxuridine �
Imipramine�) � � � � �
Irbesartan (4) �
Indomethacin�) � � � � � �
Indinavir (134) �
Iprindol �
Iproclozide�) � �
Iproniazid�) (46) � � � �
Interferone �
Iron sulphate � � �
Isocarboxazid�) � �
Isoflurane�) � �
Isoniazid�) (81, 124) � � � � � � �
Itraconazole (112) � � �

Ketoconazole�) � � �
Ketoprofen � �

Labetolol � �
Leflunomide (104) � �
Lisinoprol�) � �
Lovastatin � �

Mefloquine �
Megestrol acetate � �
Mepacrine �
Meprobamate � �
Mercaptopurine�) � � � � � �
Mesalamine (12) �
Mesalazine (110) � �
Mesantoin � �
Mestranol �
Methamizol �
Methandienone � �
Methandrostenolone � � � �
Methotrexate�) (113, 122, 129) � � � � � �
Methoxyflurane � � �
Methyldopa�) � � � � � � �
Methylpentinol �
Methyltestosterone � � � � � � � � � �
Metolazone � �
Metronidazol �
Mianserin � �
Midecamycin (117) � �
Minocycline�) � � �
Mirtazapine (47) �
Mithramycin � � �
Mitomycine � � �

Naproxen � �
Natriumperchlorat � �
Nefadozone�) � �
Nicotinic acid � � � �
Nifedipine � � � �
Nimesulide�) (74, 123) � �
Niperotidine�) �
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Nitrofurantoin � � � � � � �
Nizatidine �
Nomifensine � � � �
Norethandrolone � � �
Norethylnodrel � � � �
Nortriptyline�) � � �
Novobiocin � � �
Nystatin � � �

Obidoxime chloride � �
Oleandomycin � � �
Omeprazol�) �
Ornidazole (111) �
Oxacillin � � � � �
Oxymetholone (119) � � � � �
Oxyphenbutazone � �
Oxyphenisatine � � � �

Pamaquine �
Pantoprazole �
Papaverine � � �
Paracetamol�) (51, 75, 120) � � � � � �
Paramethadione �
Paroxetin �
PAS � � � � �
Pemoline�) �
Penicillamine �
Penicillin � � � � �
Peracine �
Perhexiline � � � �
Perphenazine � � �
Phenacetin � � �
Phenazone �
Phenazopyridine �
Phenelzin �
Phenformin �
Phenobarbital � � �
Phenprocoumon�) (80, 102) � � � �
Phenylbutazone�) � � � � � � �
Phenyramidol (58) � �
Phenytoin�) � � � � �
Piperazine �
Piroxicam � �
Polythiazide � � �
Prajmalium bitartrate � � �
Practolol �
Pravastatin (43) � �
Probenecid�) � �
Procainamide � �
Procarbazine � � �
Prochlorperazine �
Promazine � � � �
Promethazine � �
Propafenone (22) �
Propylthiouracil�) (50, 98, 126) � � � � � �
Protionamide �
Pyrazinamide�) (2, 57) � � � �
Pyridylmethanol �
Pyrimethamine�) � �
Pyritinol �
Pyrrolizidine alkaloids �
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Quinethazone � �
Quinidine � � �

Rafecoxib �
Ranitidine �
Reserpine �
Rifampicin�) (62, 81) � � � � � �
Ritodrine (16) �
Rofecoxib �
Rosiglitazone�) (25) � � � �
Roxatidin �
Roxithromycine � � �

Sertraline (87)
Sodium perchlorate�) � �
Spironolactone � �
Stanozolol (40) � � � �
Sulfasalazine�) � � � � �
Sulfonamide�) � � � � � � �
Sulindac � � � �
Suloctidil � � �

Tacrine � �
Tamoxifen � � �
Tenoxicam (55, 118) �
Terbinafine �
Terfenadine (100) � �
Testosterone � � � �
Tetrabamate�) � � � �
Tetracycline�) � � � � � �
Thiamazole � � � �
Thioguanin �
Thiopental �
Thioridazine � �
Tiabendazole�) � � � �
Ticlopidine (3, 38, 67, 78, 107) � � �
Tidozone �
Tolazamide � � � � �
Tolbutamide�) � � � � � �
Tolcapone�) (10)
Tolterodine � � �
Tranylcypromine � �
Triaziquone �
Triazolam (52) � � �
Trichlormethiazide �
Trifluoperazine �
Trimethadione � � � �
Trimethoprim (128) � �
Troglitazone�) (36) � �

Usnic acid (27) � �

Valproic acid�) (127) � � � � � � � �
Verapamil � � � � �
Vinblastine �
Vitamin A � � �
Vitamin K � �

Warfarin � � �

Zidovudin (18) � � � �
Zoxazolamine � �

Table 29.10: Table of 289 (selected) medicaments potentially causing liver damage. (70, 84, 115, 132) • �) Drugs which may cause acute
liver failure or lethal liver damage. (We would be grateful for any suggestions, corrections or additions)
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d’allure auto-immune induites par les fibrates. Gastroenterol. Clin.
Biol. 1998; 22: 525�529

34. Goland, S., Malnick, St., D.H., Gratz, R., Feldberg, E., Geltner, D.,
Sthoeger, Z.M.: Severe cholestatic hepatitis following cloxacillin treat-
ment. Postgrad. Med. J. 1998; 74: 59�60

35. Gordon, D.F., Rosenthal, G., Hart, J., Sirota, R., Baker, A.L.: Chapar-
ral ingestion: the broadening spectrum of liver injury caused by herbal
medications. J. Amer. Med. Ass. 1995; 273: 489�490

36. Graham, D.J., Green, L., Senior, J.R., Nourjah, P.: Troglitazone-
induced liver failure: a case study. Amer. J. Med. 2003; 114: 299�306

37. Gresser, U.: Amoxicillin-clavulanic acid therapy may be associated
with severe side effects�review of the literature. Eur. J. Med. Res. 2001;
6: 139�149

38. Grieco, A., Vecchio, F.M., Greco, A.V., Gasbarrini, G.: Cholestatic hep-
atitis due to ticlopidine: clinical and histological recovery after drug
withdrawal. Case report and review of the literature. Europ. J.
Gastroenterol. Hepatol. 1998; 10: 713�715

39. Gut, J., Christen, U., Huwyler, J.: Mechanisms of halothane toxicity:
novel insights. Pharmacol. Ther. 1993; 58: 133�155

40. Habscheid, W., Abele, U., Dahm, H.H.: Anabolic steroids as a cause of
severe cholestasis and renal failure in a bodybuilder. Dtsch. Med.
Wschr. 1999; 124: 1029�1032

41. Hackstein, H., Mohl, W., Püschel, W., Stallmach, A., Zeitz, M.: Acute
cholestatic hepatitis associated with diclofenac. Z. Gastroenterol. 1998;
36: 385�389

42. Hanger, F.M., Gutman, A.B.: Post-arsphenamine jaundice. Apparently
due to obstruction of intrahepatic biliary tract. J. Amer. Med. Ass.
1940; 115: 263�271

43. Hartleb, M., Rymarczyk, G., Januszewski, K.: Acute cholestatic hepati-
tis associated with pravastatin. Amer. J. Gastroenterol. 1999; 94:
1388�1390

44. Helling, T.S., Wood, W.G.: Oral contraceptives and cancer of the liver:
a review with two additional cases. Amer. J. Gastroenterol. 1982; 77:
504�508

45. Henry, J.A., Jeffreys, K.J., Dawling, S.: Toxicity and deaths from 3,4-
methylenedioxymethamphetamine (“ecstasy”). Lancet 1992; 340:
384�387

46. Homberg, J.C., Stelly, N., Andreis, I., Abuaf, N., Saadoun, F.: A new
antimitochondrial antibody (anti-M6) in iproniazid-induced hepatitis.
Clin. Exp. Immunol. 1982; 47: 93�102

47. Hui, C.K., Yuen, M.F., Wong, W.M., Lam, S.K., Lai, C.L.: Mirtazap-
ine-induced hepatotoxicity (case report). J. Clin. Gastroenterol. 2002;
35: 270�271

48. Hunter, E.B., Johnston, P.E., Tanner, G., Pinson, C.W., Awad, J.A.:
Bromfenac (Duract)-associated hepatic failure requiring liver trans-
plantation. Amer. J. Gastroenterol. 1999; 94: 2299�2301

49. Ibanez, L., Perez, E., Vidal, X., Laporte, J.-R.: Prospective surveillance
of acute serious liver disease unrelated to infectious, obstructive, or
metabolic disease: epidemiological and clinical features, and exposure
to drugs. J. Hepatol. 2002; 37: 572�580

50. Ichiki, Y., Akahoshi, M., Yamashita, N., Morita, C., Maruyama, T.,
Horiuchi, T., Hayashida, K., Ishibashi, H., Niho, Y.: Propylthiouracil-
induced severe hepatitis: A case report and review of the literature. J.
Gastroenterol. 1998; 33: 747�750

51. James, L.P., Mayeux, P.R., Hinson, J.A.: Acetaminophen-induced
hepatotoxicity. Drug Metab. Disp. 2003; 31: 1499�1506

52. Kanda, T., Yokosuka, O., Fujiwara, K., Saisho, H., Shiga, H., Oda, S.,
Okuda, K., Sugawara, Y., Makuuchi, M., Hirasawa, H.: Fulminant
hepatic failure associated with triazolam. Dig. Dis. Sci. 2002; 47:
1111�1114

53. Kaplowitz, N.: Hepatotoxicity of herbal remedies: insights into the
intricacies of plant-animal warfare and cell death. Gastroenterology
1997; 113: 1408�1412

54. Kaplowitz, N.: Biochemical and cellular mechanisms of toxic liver
injury. Semin. Liver Dis. 2002; 22: 137�144

55. Katsinelos, P., Katsos, I., Patsiaoura, K., Xiarchos, P., Goulis, I., Eugen-
idis, N.: Tenoxicam-associated hepatic injury: a case report and review.
Europ. J. Gastroenterol. Hepatol. 1997; 9: 403�406

56. Katz, M., Saibil, F.: Herbal hepatitis: subacute hepatic necrosis second-
ary to chaparral leaf. J. Clin. Gastroenterol. 1990; 12: 203�206



Drug-induced liver damage

57. Knobel, B., Buyanowsky, G., Dan, M., Zaidel, L.: Pyrazinamide-
induced granulomatous hepatitis. J. Clin. Gastroenterol. 1997; 24:
264�266

58. Köksal, A.S., Köklü, S., Filik, L., Sasmaz, N., Sahin, B.: Phenyramidol-
associated liver toxicity. Ann. Pharmacol. 2003; 37: 1244�1246

59. Kuntz, E., Liehr, H., Pfingst, W.: Toxische Leberschäden durch Äthio-
namid. Dtsch. Med. Wschr. 1967; 92: 1718�1722

60. Kuntz, E., Ordnung, W., Schmidt, U., Wildhirt, E., Engels, Ch.: Leber
und Umwelt. Eine anamnestische Praxisstudie. Kassenarzt 1988; 7:
32�40

61. Kuntz, E.: Lebererkrankungen aus der Sicht der niedergelassenen
Ärzte. (Befragung von 2990 Ärzten). Notabene medici 1989; 19:
243�246

62. Kuntz, H.-D., Rausch, V.: Hepatotoxische Nebenwirkungen von
Rifampicin � eine vergleichende Studie. Prax. Pneumol. 1977; 31:
925�932

63. Labowitz, J.K., Silverman, W.B.: Cholestatic jaundice induced by
ciprofloxacin. Dig. Dis. Sci. 1997; 42: 192�194

64. Lammert, F., Matern, S.: Hepatopathien durch Medikamente. Schweiz.
Rundsch. Med. 1997; 86: 1167�1171

65. Larrey, D., Pageaux, G.P.: Genetic predisposition to drug-induced hep-
atotoxicity. J. Hepatol. 1997; 26: 12�21

66. Lauterburg, B.H.: Arzneimittelschäden der Leber: Rolle von reaktiven
Metaboliten und Pharmakokinetik. Schweiz. Med. Wschr. 1985; 115:
1306�1312

67. Leone, N., Giordanino, C., Baronio, M., Morgando, A., David, E., Riz-
zetto, M.: Ticlopidine-induced cholestatic hepatitis successfully treated
with corticosteroids: A case report. Hepatol. Res. 2004; 28: 109�112

68. Lewis, J.H., Mullick, F., Ishak, K.G., Ranard, R.C., Ragsdale, B.,
Perse, R.M., Rusnock, E.J., Wolke, A., Benjamin, S.B., Seeff, L.B.,
Zimmerman, H.J.: Histopathologic analysis of suspected amiodarone
hepatotoxicity. Hum. Pathol. 1990; 21: 59�67

69. Lown, K.S.: Drug-induced liver disease. Curr. Opin. Gastroenterol.
1998; 14: 208�214

70. Ludwig, J., Axelsen, R.: Drug effects on the liver. An updated tabular
compilation of drugs and drug-related hepatic diseases. Dig. Dis. Sci.
1983; 28: 651�666

71. Macfarlane, B., Davies, S., Mannan, K., Sarsam, R., Pariente, D.,
Dooley, J.: Fatal acute fulminant liver failure due to clozapine: a case
report and review of clozapine-induced hepatotoxicity. Gastroenterol-
ogy 1997; 112: 1707�1709

72. MacGregor, F.B., Abernethy, V.E., Dahabra, S., Cobden, I., Hayes,
P.C.: Hepatotoxicity of herbal remedies. Brit. Med. J. 1989; 299:
1156�1157

73. Mayoral, W., Lewis, J.H.: Drug-induced liver disease. Curr. Opin.
Gastroenterol. 2000; 16: 231�238

74. McCormick, P.A., Kennedy, F., Curry, M., Taylor, O.: Cox 2 inhibitor
and fulminant hepatic failure. Lancet 1999; 353: 40�41

75. McCormick, P.A., Treanor, D., McCormack, G., Farrell, M.: Early
death from paracetamol (acetaminophen) induced fulminant hepatic
failure without cerebral oedema. J. Hepatol. 2003; 39: 547�551

76. McRae, C.A., Agarwal, K., Mutimer, D., Bassendine, M.F.: Hepatitis
associated with Chinese herbs. Eur. J. Gastroenterol. Hepatol. 2002;
14: 559�562

77. Meissner, K.: Hemorrhage caused by ruptured liver cell adenoma
following long-term oral contraceptives; a case report. Hepato-
Gastroenterol. 1998; 45: 224�225

78. Meyer, M.I., Kuhn, M., Bühler, H., Bertschinger, P.: Ticlopidine-
induced cholestasis. Schweiz. Med. Wschr. 1999; 129: 1405�1409

79. Minoda, Y., Kharasch, E.D.: Halothane-dependent lipid peroxidation
in human liver microsomes is catalized by cytochrome P 450 2A6
(CYP 2A6). Anesthesiology 2001; 95: 509�514

80. Mix, H., Wagner, S., Böker, K., Gloger, S., Oldhafer, K.J., Behrend,
M., Flemming, P., Manns, M.P.: Subacute liver failure induced by
phenprocoumon treatment. Digestion 1999; 60: 579�582

81. Moitinho, E., Salmeron, J.M., Mas, A., Bruguera, M., Rodes, J.: Hepa-
totoxicidad grave por tuberculostaticos. Incremento de la incidencia.
Gastroenterol. Hepatol. 1996; 19: 448�451

82. Montessori, V., Harris, M., Montaner, J.S.G.: Hepatotoxicity of nucle-
oside reverse transcriptase inhibitors. Semin. Liver Dis. 2003; 23:
167�171

83. Moses, P.L., Schroeder, B., Alkhatib, O., Ferrentino, N., Suppan, T.,
Lidofsky, S.D.: Severe hepatotoxicity associated with bromfenac
sodium. Amer. J. Gastroenterol. 1999; 94: 1393�1396

84. Novak, D., Lewis, J.H.: Drug-induced liver disease. Curr. Opin.
Gastroenterol. 2003; 19: 203�215

85. O’Connor, N., Dargan, P.I., Jones, A.L.: Hepatocellular damage from
non-steroidal anti-inflammatory drugs. Quart. M. Med. 2003; 96:
787�791

86. Palmer, J.R., Rosenberg, L., Kaufman, D.W., Warshauer, M.E., Stolley,
P., Shapiro, S.: Oral contraceptive use and liver cancer. Amer. J. Epide-
miol. 1989; 130: 878�882

87. Persky, S., Reinus, J.F.: Sertraline hepatotoxicity � a case report and
review of the literature on selective serotonin reuptake inhibitor hepa-
totoxicity (case report). Dis. Dis. Sci. 2003; 48: 939�944

88. Pessayre, D.: Role of reactive metabolites in drug-induced hepatitis. J.
Hepatol. 1995; 23 (Suppl. 1) 16�24

89. Picciotto, A., Campo, N., Brizzolara, R., Giusto, R., Guido, G., Sinelli,
N., Lapertosa, G., Celle, G.: Chronic hepatitis induced by Jin Bu Huan.
J. Hepatol. 1998; 28: 165�167

561

90. Pittler, M.H., Ernst, E.: Systematic review: Hepatotoxic events associ-
ated with herbal medicinal products. Alim. Pharm. Ther. 2003; 18:
451�471

91. Polymeros, D., Kamberoglou, D., Tzias, V.: Acute cholestatic hepatitis
caused by Teucrium polium (Golden germander) with transient
appearance of antimitochondrial antibody. J. Clin. Gastroenterol.
2002; 34: 100�101

92. Pontiroli, L., Sartori, M., Pittau, S., Morelli, S., Boldorini, R., Albano,
E.: Flutamide-induced acute hepatitis: investigations on the role of
immunoallergic mechanisms. Ital. J. Gastroenterol. Hepatol. 1998; 30:
310�314

93. Richardet, J.P., Mallat, A., Zafrani, E.S., Blazquez, M., Bognel, J.C.,
Campillo, B.: Prolonged cholestasis with ductopenia after administra-
tion of amoxicillin/clavulanic acid. Dig. Dis. Sci. 1999; 44: 1997�2000

94. Robinson, K., Lambiase, L., Li, J.J., Monteiro, C., Schiff, M.: Fatal
cholestatic liver failure associated with gemcitabine therapy (case
report). Dig. Dis. Sci. 2003; 48: 1804�1808

95. Romagnuolo, J., Sadowski, D.C., Lalor, E., Jewell, L., Thomson,
A.B.R.: Cholestatic hepatocellular injury with azathioprine: A case
report and review of the mechanisms of hepatotoxicity. Can. J.
Gastroenterol. 1998; 12: 479�483

96. Roots, I.: Genetische Ursachen für die Variabilität der Wirkungen und
Nebenwirkungen von Arzneimitteln. Internist 1982; 23: 601�609

97. Roques, V., Perney, P., Beaufort, P., Hanslick, B., Ramos, J., Durand,
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� The “chemicalization” of the environment in the
course of the last 100 years has proceeded virtually
without restraint, partly as a result of ever-advancing
technologies and partly because of the continuously
rising demands of society and increased industrial
productivity. • The liver, however, which is at the
centre of the detoxification mechanisms (s. pp 52�56),
is not able to adapt to new demands on the detoxifica-
tion process within three to four generations. Adapta-
tions of this kind by an organ or an organism to
harmful or life-threatening influences can only take
place over a much longer period of time, if at all (as
has been shown in the animal and plant kingdoms).

� The “Chemicalization” of the workplace can be kept
almost completely under control by compliance with
industrial hygiene regulations. In this way, it is gen-
erally possible to avoid toxic liver damage. Specific
exposure can, however, be expected in occupational
medicine in the following situations: (1.) inadequate
protective measures at work, (2.) the appearance of
new, hitherto unforeseen or (as yet) unknown toxic
compounds following a particular incident or due to
a change in working techniques, and (3.) the combined
impact of various toxic substances, especially in con-
junction with alcohol and/or drugs. • In agriculture,
the increasing use of fertilizers, animal feed additives,
preservatives and pesticides has become a considerable
problem. The occurrence of disulfiram-like effects has
also been observed. • Far too little attention is gen-
erally paid to the risks of toxic liver damage encoun-
tered in hobbies or do-it-yourself activities. Handling
chemical substances � often in small, poorly venti-
lated rooms over lengthy periods of time � can quite
easily increase the danger of liver damage, although
under normal circumstances there is nothing to fear
if the manufacturer’s instructions are strictly adhered
to. The risk of damaging one’s health is � often
unconsciously � suppressed or indeed goes unnoticed.

For every liver disease that cannot be clarified with
certainty, each differential diagnosis should always
include toxic substances in food, at work, in the
house or garden and in those places where people
pursue leisure activities. It is extremely difficult to
identify the causal noxa. In the individual case,
however, identification can be of considerable
importance for general assessment purposes and
possibly when an expertise is required.
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1 Historical review

In the 19th century, cases were observed of workers
in the match industry who suffered liver damage due
to phosphorus contamination leading to acute hepatic
dystrophy. • Since then, the relationship between exog-
enous noxae and liver disease has been considered
unequivocal.

� Arsenic: Liver damage due to arsenic was first described in 1774
by F. L. Bang. In 1888 E. Ziegler et al. reported on damage caused
by arsenic to the hepatocytes and sinusoids with subsequent scar-
ring. The occurrence of melanosis, hyperkeratosis and liver fibrosis
or cirrhosis was described as “Reichenstein’s disease” (L. Geyer,
1898). It was observed in Reichenstein (Silesia) and Freiberg (Sax-
ony) and traced back to chronic arsenic poisoning caused by con-
taminated drinking water (containing up to 25 mg arsenic per
litre). Toxic liver damage, even culminating in cirrhosis, due to the
presence of arsenic in beer was observed in 1900. Over the
following years, there were further reports of arsenic poisoning
from drinking water, e. g. in Argentina (A. Ayerza, 1918), Mexico
and Taiwan. In 1974 a comprehensive study was published on
chronic arsenic poisoning caused by contamination of the river
Tononce in Antofagasta (Chile): several hundred people became
ill between 1955 and 1972; arsenic was even found in fruit juice,
beer and cola as well as in milk and food. (76) • Arsenic was
officially introduced as a pesticide in viniculture in 1925 (after it
had already been used for this purpose for some time). Since 1942
its use as a pesticide has been banned. Consumption of the so-
called wine-grower’s house drink led to severe liver damage, liver
fibrosis with portal hypertension and even oesophageal varix
bleeding, carcinoma and haemangioendothelioma of the liver. This
homemade wine, which was produced by watering down the wine
obtained from a second pressing of the grape skins and which had
a low alcohol (3�5 vol. %) but high arsenic content, was consumed
in large quantities (3�5 litres per day). • The severe arsenic poison-
ing of an aircraft pilot who had been spraying arsenic calcium
carbonate dust as a pesticide was reported in 1930. • Extensive
liver damage was also observed during the long-term treatment
of psoriasis with Fowler’s solution. • Occurrences of well-water
poisoning due to arsenic pesticides were registered as late as 1984
in the USA (2) (s. p. 569) and again in 1998 to an incredible extent
in Bangladesh.

� Thorotrast: Thorotrast was introduced into radiology by K. Frik

et al. in 1928 on the grounds of its excellent opaque properties and
good tolerance. As early as 1933, the carcinogenic effect of ThO2

was pointed out by C. Oberling et al. The occurrence of an angio-
sarcoma 12 years after the administration of thorotrast was
reported by H. E. McMahon et al. in 1947. Production was stopped
in 1950, but thorotrast was still occasionally used up to 1958. All
in all, about 1 million patients using thorotrast between 1928 and
1958 were examined. 232ThO2 is a 90% α-emitter with a half-life
of approximately 400 years. It is never excreted from the body.
Most of it (70�75 %) is stored in the liver, although the highest
relative concentration per gram tissue is found in the spleen. In
total, more than 125 thorotrast-induced cases of malignancy have
been reported in the literature � even 36, 39 and 44 years after
administration. (23, 71) (s. figs. 30.2, 30.3) (s. p. 569)

� Thioacetamide: In 1942 thioacetamide was introduced in the
USA as a citrus fruit preservative. Shortly after ingestion of this
fruit, liver damage (cell necrosis, steatosis) and cirrhosis occurred.
There were even reports of fatalities. • Animal experiments showed
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that the liver damage was caused with such rapidity and reliability
by thioacetamide that this substance came to be used as the most
potent poison (apart from CCl4) for producing liver damage in
animal experiments.

� Vinyl chloride: Hepatolienal diseases caused by vinyl chloride
were first reported in Russia in 1949 (S. L. Tribukh et al.). Severe
changes to the liver were observed by J. M. Cordier et al. in France
in 1960 and by J. Suciu et al. in Romania in 1963. The carcinogenic
effect of vinyl chloride (VC) was demonstrated by P. L. Viola in
animal experiments in 1970. Vinyl chloride can induce two dif-
ferent types of liver tumour: haemangiosarcoma and hepatocellu-
lar carcinoma (C. Maltoni et al., 1974). J. B. Block reported on
haemangiosarcoma in more detail in 1974, and in 1976 J. M. Gokel

et al. described hepatocellular carcinoma in persons exposed to VC.
The two forms of carcinoma may also occur simultaneously. (s.
p. 568)

� Hexachlorobenzene: Between 1955 and 1959, more than 3,000
people in Turkey contracted porphyria cutanea tarda after hexa-
chlorobenzene had been used as a preservative for cereals. (52)

� Aflatoxin: Fatal liver necrosis was reported in about 100,000
turkeys and ducks in England by A. J. Stevens et al. in 1960. The
causative agent was found to be aflatoxin from mouldy peanut
meal in animal feed. (s. p. 571)

� Methylene dianiline: In 1965 at least 84 people in the English
town of Epping contracted toxic hepatitis with jaundice and chole-
stasis (� Epping disease) after eating bread which contained flour
that had been contaminated by a hardening agent for synthetic
resin: methylene dianiline (4.4�-diaminodiphenyl methane). Histo-
logically, portal infiltrations, manifestations of cholangitis and
centrilobular cholestasis were found. Pronounced hepatomegaly
was also reported. (33, 34, 48) (s. p. 569)

� Polybrominated diphenylene: In 1973 in the USA, about 30,000
cattle and some 1.6 million chickens died or had to be slaughtered
(so-called “Michigan catastrophe”) after being given feed to which
a flame retardant containing polybrominated diphenylene had
been mistakenly added in place of a fattening additive. However,
none of the exposed persons showed any signs of poisoning. (1)

� Dioxin: The first (8-fold chlorinated) dioxin was prepared as
early as 1872 by the German chemists Merz and Weith. Tetrachlor-
odiphenyl-p-dioxin (“dioxin”) was synthesized in 1957 (W. Sander-

mann et al.). The first large-scale case of intoxication was reported
in Virginia/USA in 1949. Following the accident at the BASF
chemical plant in Germany in 1953, 6 of the affected 53 persons
developed liver damage. In the period leading up to the chemical
disaster in Seveso/Italy on 10th July in 1976, there had been 21(!)
such incidents reported in various countries, 6 of them in Germany
(B. Holmstedt, 1980). Following Seveso, some 27 years after the first
chemical accident with dioxin in 1949, the irresponsible underesti-
mation and ignorance of “chloracne” poisoning � known for
nearly 3 decades � finally became public knowledge. (s. p. 568)
Only then was it evident that dioxin was “the most toxic carcino-
genic and teratogenic chemical substance ever made by man”.

� Salad-oil: Since 1981 more than 24,000 persons have become ill
(with 357 fatalities up to 1985) in Spain due to the consumption
of salad-oil. The suspected cause was poisoning by oil which had
been adulterated by being mixed with cheap industrial oil contain-
ing, among other things, aniline, acetanilide and quinoline. The
patients showed generalized damage to the capillaries, including
those of the liver. (64, 72)

2 Detoxification of toxic substances
Like medicaments, toxic substances can also enter the body by
the oral, percutaneous, parenteral and respiratory routes. The
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detoxification and elimination of toxic substances essentially takes
place via the same biotransformation mechanisms that are respon-
sible for the metabolism of drugs. (s. p. 544) Overall, the capacity
of the liver to eliminate foreign substances is dependent both on
microsomal enzyme activity (which is affected by a number of
factors) and on the blood flow through the liver. (s. tab. 3.18)
Biotransformation can, however, lead to the production of biotoxo-
metabolites (or biotoxometabonates), which are sometimes con-
siderably more toxic than the original substance taken up by the
body or which (by reacting with cellular proteins) can lead to the
development of new hazardous substances such as mutagens, car-
cinogens or antigens. (s. pp 52�56) (s. fig. 3.11) For the elimination
of various toxic substances including cadmium, manganese, lead,
etc., the functions of the RES are also utilized. (s. p. 65) In addition,
the antioxidant systems may be necessary for the elimination of
other toxic substances. (s. p. 67)

3 Pathophysiology

While medicaments (with few exceptions) can be
regarded as facultative (indirect) hepatotoxins, almost
all toxic chemicals act as obligate (direct) hepatotoxins.
(s. tab. 29.1; s. fig. 29.1) • The extent and type of hepatic
damage caused by toxic substances is determined by a
number of influencing factors. (s. tab. 30.1)

1. Amount of noxious substance
2. Concentration
3. Duration of action
4. Method of uptake
5. Extent of protein binding
6. Degree of distribution or accumulation of the

noxa within the liver or other organs
7. Radioactivity of the substance
8. Excretability of the noxa
9. Previous liver damage or coexisting liver disease

10. Coexistent strain caused by alcohol and drugs
11. Age, gender
12. Nutritional status

Tab. 30.1: Factors influencing the extent and type of liver damage
caused by toxic substances

A variety of cellular sites of attack, sometimes very diffi-
cult to differentiate and often in combination with one
another, have to be considered with regard to the patho-
mechanisms of liver damage. (s. tab. 30.2)

1. Direct toxic damage to membranes and organelles
2. Occurrence of biotoxometabolites
3. Formation of free radicals
4. Interactions with DNA
5. Interference with bilirubin metabolism
6. Interference with bile acid metabolism
7. Inhibition of protein synthesis
8. Inhibition of lipoprotein synthesis

Tab. 30.2: Pathogenic and pathophysiological mechanisms of liver
damage caused by toxic substances



Chapter 30

Liver damage caused by toxic substances sometimes
only appears and is hence first recognizable after a la-
tent period of several years. This applies particularly to
radioactive substances (e. g. thorotrast, which has a
latent period of up to 40 years). Exogenous factors
(alcohol, medicaments and chemicals) can substantially
impair the course and prognosis of intoxication. This
may be due to (1.) acute multiple intoxication by
simultaneous exposure to various toxic substances or
(2.) the fact that the noxa is administered during the
“deficiency period” of a biotransformative induction,
since toxic substances cause greater hepatic lesions in
this phase.

In the individual case, the personal reaction to exposure
to toxic substances can vary greatly. Long-term expos-
ure to toxins, even in low concentrations, often leads to
liver damage. (65)

4 Morphology

Upon the intake of direct toxic noxae, the detoxification
systems of the liver are only able to react with adaptive
processes in isolated cases. The “force of the respective
toxicity” leads to cell damage so rapidly that there is
generally no chance for time-consuming adaptation to
take place.

Morphological changes due to toxic substances are
characterized by four parenchymal alterations, which
also occur in alcohol-mediated or drug-induced liver
damage: (1.) enlargement of cells, (2.) steatosis, (3.)
cholestasis, and (4.) necrosis. These changes are not spe-
cific to particular noxae, even though a certain pattern
of damage may predominate. There are frequent reports
concerning fulminant liver failure. • In addition to these
parenchymal changes, there may also be mesenchymal
reactions with stellate cell activation, portal infiltration,
reticular fibre sclerosis, fibrosis and vascular changes.
Parenchymal and mesenchymal alterations of varying
degrees often occur in combination with each other. •
After long-term exposure, the occurrence of liver fibro-
sis, cirrhosis or even malignant tumours can be ex-
pected. (s. pp 361, 495)

5 Toxic substances

Toxically relevant substances have been recognized as
such either as a result of animal experiments or casuistic
observations. Here, too, it has been seen that findings
from animal experiments can only be applied to humans
to a certain extent. The dosage and duration of expo-
sure are extremely relevant: the lesion pattern after
acute, high exposure (e. g. in an accident or attempted
suicide) can differ considerably from that after chronic
exposure (to both high and low quantities). • A clear
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differentiation must be made from naturally occurring
liver noxae and carcinogens. These can be present in
plants, particularly in fungi (e. g. 3.4�-benzpyrene) and
in bacteria (e. g. ethionine, endotoxins, 3.4�-benzpyrene).
As a result, beverages and foodstuffs sometimes contain
toxic substances, which were present naturally in the
original raw material, derive from intentionally added
pesticides, preservatives and animal feed, or have been
inadvertently introduced into the final product in some
way. (s. tab. 30.3)

� In 1988 we carried out a survey in 2,008 doctor’s prac-
tices (37): liver damage was ascertained in 7,095 patients
and confirmed morphologically in one third of cases.
Long-term exposure to commercially available chemi-
cals was found in 9.3% of those questioned, whereby the
liver damage was ascribed to such chemical noxae in
7.4% of cases. Regular simultaneous alcohol consump-
tion was confirmed by 34.1% of these patients. The
following (in order of frequency) were found to be long-
term contact noxae probably responsible for liver dam-
age: hydrocarbons, carbon tetrachloride, lead, phenols,
trichloroethylene, methyl alcohol, aniline, vinyl chloride,
chloroform, heavy metals, pesticides and herbicides,
lyes, carbides, glue, nitrosamines, inorganic acids and
dioxins. (s. tab. 30.3)

� In a further survey in 2,650 doctor’s practices in Ger-
many (G) and 340 in Austria (A) carried out by us in
1989, the following statistics were obtained (38): existing
acute liver disease was ascribed to household chemicals
in 11.2% (G) and 9.3% (A) of patients. The most
common cause of existing chronic liver disease was
thought to be job-related noxae in 23.4% (G) and 21.8%
(A) of cases; household chemicals were held to be
responsible in 8.3% (G) and 7.2% (A) of patients. Sec-
tors associated with the development of job-related
toxic liver damage were found to be as follows: painting
and varnishing trades in 46% (G) and 41.8% (A), min-
eral oil processing industries (including the production
of solvents, dyes and adhesives) in 35% (G) and 30.8%
(A), dry cleaning in 28.4% (G) and 38.8% (A), pesticide
production in 27.6% (G) and 24.8% (A), and food pres-
ervation in 2.5% (G) and 3.3% (A) of cases. • Genuine
proof that the respective noxa is the real and sole cause
of the disease can naturally only be provided in a small
number of cases. However, the high patient figures in
Austria and former West Germany considerably
increase the validity of these findings. (s. tab. 30.3)

5.1 Regulations governing occupational diseases

In the current German regulations on occupational dis-
eases due to industrial toxins, the respective substances
are divided into six classes and assigned specific num-
bers. Occupational disease is a legal term defined under
German accident insurance law; occupation-related dis-
ease is a medical diagnosis. In individual cases, diseases
can be recognized as occupation-related and appropri-



Liver damage due to toxic substances

ate compensation awarded, provided that they meet the
pertinent legal requirements based on the most recent
level of medical knowledge (so-called opening clause).
The following are of importance in hepatology:

Arsenic and its compounds
Benzene and its homologues
Dimethylformamide
Halogenated alkyl, aryl or alkylaryl oxides
Halogenated hydrocarbons
Methyl alcohol (methanol)
Nitrobenzene or amino-benzene compounds (with their homo-
logues or derivatives)
Phosphorus and its inorganic compounds

� When there are good reasons for suspecting the exist-
ence of an occupation-related disease, this must be
reported immediately to the regional medical officer
responsible for workplace health and safety, the respec-
tive governmental department for industrial medicine or
directly to the appropriate industrial accident insurance
provider. • Notification is mandatory for every regis-
tered doctor and dentist. No declaration of consent by
the insured person is necessary, nor is there any right of
objection. Notification does not constitute a breach of
doctor-patient confidentiality. Insured persons or the
employer can also report a suspected occupation-related
disease themselves. In 1995 a total of 86,705 suspected
cases were reported in Germany, of which about one
fifth were accepted as occupational diseases.

� The doctor’s obligation to report cases or suspected
cases of poisoning is laid down in the German regula-
tions on notification concerning toxic substances. This
notification must be made in accordance with the Ger-
man chemicals law using an appropriate form.

� Food poisoning does not have to be reported to the
authorities unless it involves a disease covered by the
German Epidemic Control Act. It is, however, strongly
advisable to inform the appropriate authorities when
food poisoning occurs or is suspected (see, for example,
regulations relating to aflatoxin).

As regards clarification by a medical expert, four points
are of great importance: (1.) gathering information for
compiling a comprehensive job-history (specific job
characteristics, exposure pattern, materials used, pres-
ence of additional chemical substances at the work-
place), (2.) objectifying and quantifying the suspected
liver noxa in the air (i. e. maximum allowable concentra-
tion) and in the biological material used for the job, (3.)
assessment of the hepatotoxic potency of the working
materials on humans, and (4.) exclusion of other pos-
sible causal factors (previous or present liver disease,
alcohol, metabolic diseases, medicaments). In individual
cases, discussion will focus on the extent or deterior-
ation of already existing damage. Possible interference
from potentially injurious factors must be taken into
account. • Assessment of a reduction in earning capacity
is made in accordance with the usual criteria for evalu-
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ating liver diseases: (1.) fatty liver (20�40%), (2.) toxic
hepatitis (20�40%), (3.) chronic hepatitis (40�60%),
(4.) liver cirrhosis (40�100%), (5.) acute intoxication
(100%), and (6.) malignant tumours (100%). The meas-
ures for combating such occupation-related diseases are
based on the principles of the respective employers’
liability insurance association:

1. Prophylactic medical measures
� recruitment criteria
� monitoring criteria

2. Technical measures
� informing staff members
� ventilation, monitoring the air in rooms (industrial

threshold limit values), protective clothing, masks
� technical modifications

3. Medical and social measures
� acceptance as an occupational disease

etc.

5.2 Industrial toxins

A tabular compilation of all important known toxins
can be useful for recording suspected cases of liver dam-
age by toxic agents. (s. tab. 30.3) • Some substances are
described separately below. (3, 7, 13, 14, 22, 24, 28, 39, 40,
47, 55�58, 62, 63, 65�67, 70) • The following substances
may cause cirrhosis or liver fibrosis:

Arsenic Iron
Cadmium Phosphorus
Carbon tetrachloride Tetrachloroethane
Chloronaphthalene Tetranitromethylaniline
Copper Thioacetamide
Dichlorobenzene Trinitrotoluene
Dimethylnitrosamine Vinyl chloride
Dinitrotoluene

Some toxic substances can induce the formation of
malignant tumours. This has been demonstrated in
humans for some substances, whereas for others it has
so far only been confirmed in animal experiments. Pro-
tein deficiency appears to increase the frequency of car-
cinoma considerably. Such substances include:

Acrylonitrile Tetrachlorodiphenyl-p-dioxin
Arsenic Thioacetamide
Butter yellow Thorium dioxide
Carbon tetrachloride Vinyl chloride
Dimethylnitrosamine

5.2.1 Halogenated hydrocarbons

Aliphatic and aromatic halogenated hydrocarbons are
widely used as industrial reagents, cleaning agents and
solvents. The toxicity of the individual substances is
very varied, e. g. relative to trichloroethane (nominal
toxicity � 1), trichloroethylene, chloroform and carbon
tetrachloride have a toxicity of 8, 60 and 190, respect-
ively. (s. tab. 30.3)
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Chlorinated halogenated hydrocarbons can be taken up via the
respiratory tract and via the skin (even perorally in suicide
attempts). In addition, they are also dangerous in their solid form.
The so-called perna disease is named after an insulating material
mainly consisting of “perchloronaphthalene”. This substance,
which is commonly used in the electrical industry, produces toxic
vapour during soldering; that may cause severe liver cell necrosis
and acute liver dystrophy.

Acute and high-dosage intoxication by trichloroethylene leads to
severe symptoms associated with the central nervous system, but
not to (noteworthy) liver damage.

� We were able to confirm this condition in a 29-year-
old female patient with severe acute trichloroethylene poi-
soning after taking 80�90 ml trichloroethylene perorally
with suicidal intent. Despite a 6-day comatose state,
intensive care produced a complete recovery. Throughout
the 3-week period of treatment, all of the liver enzymes
remained normal, and percutaneous liver biopsy yielded
normal histology. (36)

In contrast, chronic exposure to trichloroethylene may
lead to severe liver damage or even cirrhosis. (68)

Dichlorodiphenyl trichloroethane (DDT) was introduced as an
insecticide in 1941. Its use in Germany has been prohibited since
1971. Toxic liver damage (steatosis, necrosis) and fatalities
following liver dystrophy have been described. The strongly lipo-
philic properties of DDT, its accumulation in fatty tissue over
many years and its resistance to all forms of inactivation or de-
gradation are indicative of its long-term toxic potential. It can also
be detected in high concentrations in breast milk. DDT consider-
ably increased induction of the cytochrome P-450 system: Japanese
workers in the plastics industry were found to have reduced biliru-
bin values as a result of continuous and strong enzyme induction
with subsequent accelerated coupling of glucuronic acid and
increased excretion of bilirubin. Peroral intake of 3�6 g DDT (e.g.
with suicidal intent) causes fatal poisoning.

Carbon tetrachloride: Chronic intoxication due to year-long inhala-
tion of even small quantities of hydrocarbons, including carbon
tetrachloride, can lead to the development of cirrhosis. An already
existing fatty liver promotes the toxicity of CCl4 through the ele-
vated affinity of the adipose tissue. The presence of trichloroethy-
lene, vitamin A and alcohol likewise increases the hepatotoxicity
of even small quantities of CCl4. When there is a decrease in the
activity of CCl4-metabolizing enzymes (e. g. in cases of protein
deficiency), a decrease in the toxicity of CCl4 can also be expected.
CCl4 itself is atoxic; the high toxicity is produced by hepatic forma-
tion of the toxic radicals CCl3, Cl and CHCl3 due to CYP2E1,
CYP2B1 and CYP 2B2. (s. p. 400) Severe impairment of the mem-
branes of the liver cells and their organelles produces massive and
diffuse liver damage with steatosis and necrosis, which finally
results in the collapse of liver functions, particularly haemostasis.
The degree of damage to the liver and kidneys by CCl4 can appa-
rently be reduced by high intravenous doses of acetylcysteine. (4,
27, 59, 61, 75)

Vinyl chloride: The gaseous, pleasantly sweet smelling vinyl chlor-
ide (VC), which also has a slight anaesthetic effect, was formerly
used in the production of polyvinyl chloride (PVC). Hepatolienal
damage by VC was recognized in 1949 and 1960. (s. p. 565) As far
as such cases could be recorded, a total of 109 fatalities occurred
worldwide up to 1985. Symptoms included elevations of GPT,
GOT, GDH, γ-GT and AP together with a decrease in ChE
(60�70%), splenomegaly (40�50%), portal hypertension with
oesophageal varices sometimes with bleeding (10�15%), as well as
liver fibrosis and malignant tumours (haemangiosarcoma and/or
hepatocellular carcinoma). (s. fig. 30.1) Laparoscopy shows strik-
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ing Glisson’s capsule fibrosis (initially linear like a “star-filled
sky”). Histology reveals severe pre-/intrasinusoidal fibrosis, often
with cavernoma-like enlarged sinusoids. It was found that it is not
the inhaled VC that is toxic, but rather the highly reactive epoxide
chloroethylene oxide produced by biotransformation. Consider-
ably improved regulations for protection have in the meantime pre-
vented any new cases of the disease occurring, as far as we know.
However, in view of the long latency period of about 20 years,
further manifestations of the disease must be expected. (10�12,
43�45, 69)

Fig. 30.1: Haemangiosarcoma in a case of disease induced by vinyl
chloride. Tumorous endothelial proliferation with blood cavities
and vascular fissures containing erythrocytes (HE)

Dioxin: Of the approximately 200 isomers of dioxin, tetrachlorodi-
phenyl-p-dioxin (TCDD) is regarded as the most toxic: its half-life
in the soil is about 10 years, whereas in humans and animals, the
half-life is up to 1 year (as a result of its lipophilic properties). In
the region of the liver, dioxin causes steatosis, cell necrosis, haemo-
fuscin deposits and fibrosis with portal hypertension and oesopha-
geal varices. In Missouri/USA in 1971, for instance, marked fibro-
sis was observed in poisoned animals following contact with
contaminated oil. (s. p. 565) The long-term damage caused by this
highly carcinogenic substance is particularly serious; this effect
may be exacerbated by the simultaneous action of other chlorin-
ated hydrocarbons, dibenzofurans or hexachlorocyclohexane.
Following the use of dioxin as a defoliant in the Vietnam war
(“agent orange”), a four-fold increase in the frequency of liver
cancer was recorded. The number of malformations as a result of
VC-induced foetotoxicity was described as enormous.

5.2.2 Hydrocarbon derivatives

Pentachlorophenol: Because of its good fungicidal, pesticidal and
preservative properties, pentachlorophenol (PCP) is frequently
used for industrial and domestic purposes. Numerous cases of
intoxication, even via bath water, with considerable liver damage
are known. Infant fatalities have been reported after nappies were
washed with PCP. (77)

Polychlorinated biphenyls are still used in large quantities in elec-
trical and condenser technology. One of the main members of this
group of substances is perchlorobiphenyl (PCB). In fires involving
polychlorinated biphenyls, toxic dioxins can be released. Biphenyls
lead to powerful induction of the cytochrome P-450 system.
Following exposure, biphenyls can be detected in adipose tissue
and breast milk. Severe cases of liver damage, including fatalities,
have been reported.

Hexachlorocyclohexane: During the production of this substance
from chlorine and benzene under the influence of light, various
isomers are also formed, particularly the toxic substance lindane.
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Isomers of hexachlorocyclohexane (HCH) are found in air, soil,
water, food and even breast milk. Lindane is used in large quanti-
ties in agriculture and forestry as a wood preservative as well as in
veterinary medicine. Provided that the required safety measures
are adhered to, no liver damage occurs during the production of
lindane. On the other hand, liver cell necrosis was observed in
animal experiments after HCH isomers were added to the feed; a
carcinogenic effect was seen after long-term administration. An
increased toxic potential is to be expected when there is simultan-
eous exposure to DDT, PCB, contraceptives, etc.

Paints and varnishes: On the basis of our experience (37, 38) and
data in the literature (13, 41), working as a painter, spray-varnisher
or floor layer must be regarded as more hazardous in comparison
to non-exposed groups with respect to toxic liver damage. Even
though dispersion pigments are mainly (i. e. not exclusively) used,
paints and sprays nevertheless contain a broad range of organic
solvents and substances, including fungicides and pesticides.
Despite observance of the specified industrial threshold limit val-
ues, so-called combination effects can never be totally ruled out.
The risk of illness is hence elevated in single cases, and it may be
further aggravated by additional individual factors. Elevated trans-
aminases are found, while steatosis and focal necrosis have been
demonstrated histologically.

� It is always open to question as to what extent the
risk threshold for chemical noxae may be exceeded
due to altered technical working procedures and indi-
vidual conditions despite compliance with the legal
regulations. The recruitment and monitoring criteria
prescribed by the employers’ liability insurance associa-
tion are of great importance in this respect.

5.2.3 Aromatic amines

Methylene dianiline (4,4-diaminodiphenylmethane) is used as a
liquid hardening agent for epoxy resins. Its high hepatotoxicity was
clearly seen in Epping disease in 1965. (s. p. 565) In the following
decades (1974, 1985), severe toxic liver damage with liver cell
necrosis, cholestasis and hepatomegaly was also found in workers
who had been poisoned by percutaneous uptake of this substance
(through carelessness). (33, 34, 48) • Other aromatic amines or
nitrocompounds (e. g. dinitrobenzene: dye and paint industry; dini-
trotoluene: explosives; dimethyl nitrosamine: anticorrosive agents)
can likewise lead to steatosis and cell necrosis after sufficient expo-
sure. (s. tab. 30.3)

5.2.4 Inorganic substances

Phosphorus: Poisoning by phosphorus and its inorganic compounds
is rare. While insoluble red phosphorus is only slightly toxic, yellow
and (above all) white forms of phosphorus show considerable hepa-
totoxicity. Occasional instances of toxicosis occur through rat poi-
son containing phosphorus. Phosphorus poisoning causes a loss of
glycogen in the liver cells, subsequently leading to marked steatosis
and cell necrosis with portal infiltration. Jaundice appears at an early
stage. Transaminases are greatly elevated, whereas ChE and Quick’s
value fall. Signs of increasing liver insufficiency and azotaemia are
prognostically unfavourable symptoms. Postnecrotic cirrhosis (or
scarred liver) can develop in survivors. (18)

Arsenic: Arsenic poisoning is of great medicohistorical interest. (s.
p. 564) Chronic arsenic intoxication can be caused by inhalation
or, more often, by oral uptake. Steatosis and cell necrosis occur in
the liver; fibrosis or cirrhosis with portal hypertension and
oesophageal varices develop. The presence of liver adenoma and
VOD as well as liver carcinoma or haemangioendothelioma has
been described. (16, 42, 50, 53, 60, 76)
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Lead: Lead poisoning (� saturnism) results in mild, rapidly regres-
sive toxic hepatitis in about 30% of cases. Occasionally, eosino-
philic, acid-resistant inclusions are found in the nuclei of the liver
cells (so-called lead protein complexes). Steatosis and liver-cell
necrosis have also been witnessed. Although there is a correlation
between exposure to lead and severity of damage, individual sensi-
tivity to lead can nevertheless vary. In addition, lead intoxication
causes an inhibition of erythrocyte δ-aminolaevulinic acid dehy-
dratase and an induction of δ-aminolaevulinic acid synthase. This
brings about the manifestation of acute intermittent porphyria. (8)

5.2.5 Thorotrast

� The introduction of thorotrast into radiological diagnostics
(1928) despite foreseeable radiation damage is not exactly a glori-
ous chapter in the annals of 20th century medicine. Thirty years
passed before the administration of thorotrast was stopped (after
numerous reports of severe organ damage and the development of
malignancies). (s. p. 564) • The term thorotrastosis subsumed (1.)
aplastic anaemia, leukaemia and osteomyelofibrosis, (2.) atrophy
of lymphatic organs with scarring obliteration, (3.) fibrosis of the
liver and spleen with the occurrence of scarred areas (� dystrophia
lenta, H. F. Brunner, 1955), (4.) development of scarred areas in the
form of granulomas around thorotrast extravasations (H. F. Brun-

ner, 1960), and (5.) occurrence of malignancies. (30, 32, 49)

Fig. 30.2: Thorotrast liver: dark brown colouring of the liver sur-
face with reticular bright white fibrosis

Fig. 30.3: Thorotrast liver: deposits of thorotrast in portal and
perisinusoidal macrophages; periportal fibrosis and inflammation
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The development of FNH due to thoratrast was reported for the
first time in 1998. (6) In the liver, thorotrast is initially stored in
the Kupffer cells; after their destruction, it is deposited in the peri-
portal areas. From here, periportal and periacinar fibrosis as well
as Glisson’s capsule fibrosis develop. (s. figs. 30.2, 30.3)

5.3 Mycotoxins

� The following hepatotoxic mycotoxins are worthy of
note: aflatoxin (Aspergillus flavus), griseofulvin (Peni-
cillium griseofulvum), ochratoxin A (Aspergillus ochra-
ceus), maltrozyne (from the fermentation of rice wine)
and luteoskyrin (Penicillium islandicum). Their toxicity
is increased by protein deficiency in the organism.

A disease of epidemic proportions affected more than
1,000 persons in India in 1974. The patients suffered
from jaundice and ascites. Histological examination
revealed centroacinar necrosis, inflammatory mesenchy-
mal reactions and bile-duct proliferation; fibrosis and
septal formation, sometimes ultimately cirrhosis, were
determined. Mortality was 10%. The cause was thought
to be the additive effect of several unidentified mycotox-
ins (B. N. Tandon et al., 1977).

Aflatoxins: So far, 13 types of aflatoxin (B, G, M) have
been identified in various Aspergillus fungi. Their great
toxicity is due to their alkylating effect with blocking
of the DNA-dependent RNA polymerase. The highest
toxicity to date has been ascribed to aflatoxin B1. Under
warm and humid conditions, certain agricultural prod-
ucts (rice, soybeans, peanuts, almonds, pistachios, hazel-
nuts, cereals, etc.) are attacked by Aspergillus fungi. (s.
p. 565) Aflatoxins may be present in peanuts in vending
machines. Some types (B, M) have also been detected in
dairy products. Aflatoxins can be neither seen, smelt nor
tasted. • Acute poisoning leads to jaundice, steatosis
and liver cell necrosis; ascites and fulminant liver failure
have likewise been observed. In cases of chronic intoxi-
cation, it is possible that cholestasis, bile-duct prolifera-
tion, fibrosis and the clinical picture of biliary cirrhosis
will occur. Since 1968, aflatoxin has been regarded as
the most potent hepatocarcinogenic substance; it can
act alone as a carcinogen or, in the case of HBV infec-
tion, as a co-carcinogen. (15, 35, 46, 51) (s. p. 507)

5.4 Phytotoxins

The plant kingdom contains numerous phytotoxins.
Their number is, however, far greater than has been real-
ized so far. They are also of great significance as direct
hepatotoxins. • The most important phytotoxins are
considered to be the fungal poisons (e. g. amanitin, phal-
loidin, gyromitrin), pyrrolizidine alkaloids, cycasin from
the sago palm, safrol from the gassafras tree, tannins
and 3.4�-benzpyrene.
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Carcinogenic phytotoxins

Cycasin Pyrrolizidine alkaloids
Luteoskyrin Safrol
Maltrozyn Tannins
Ochratoxin A

There have been repeated reports of intoxication by still
largely unknown phytotoxins: liver cell necrosis and
cholestasis following the consumption of herbal medi-
cine made from mulberry tree bark (S. Tozuka et al., 1983),
liver cell necrosis (even fatal) following the intake of a
root extract from the distaff thistle (G. Lemaigre et al.,
1975), poisoning by a decoction from Callilepsis laureola
(J. Wainwright et al., 1977) and due to mint oil (J.B. Sulli-

van et al., 1979).

5.4.1 3.4�-benzpyrene

This polycyclic, aromatic hydrocarbon is produced con-
tinuously by almost all plants, irrespective of their habi-
tat, and remains qualitatively and quantitatively con-
stant. The normal content of the carcinogenic 3.4�-
benzpyrene equals 1 µg/100 g dried plant material. (The
assumed quantity of carcinogenic polycyclic hydrocar-
bons ingested daily with food and drinking water is cal-
culated at 10 µg/day.) Food of animal origin, even in
roasted, smoked or grilled form, contains substantially
less benzpyrene than plants do.

5.4.2 Pyrrolizidine alkaloids

Pyrrolizidine alkaloids are found in > 200 crotalaria,
senecio and heliotrope plants, but only about 100 types
are toxic. Even honey may contain such pyrrolizidine
alkaloids collected in pollen by bees from these plants.
These alkaloids were held responsible for veno-occlusive
disease simultaneously in South Africa (K.B. Mokhobo)
and Jamaica (K.R. Hill) in 1951. As early as 1920, how-
ever, F.C. Willmot et al. had reported on the development
of cirrhosis due to senecio poisoning. Generally, intake
was in the form of “bush tea”, such as an Indian herbal
tea for psoriasis (P.S. Gupta et al., 1963), a dubious form
of maté tea (J.D. McGee et al., 1976), an antirheumatic tea
(C.L. Lyford et al., 1976) and a Mexican antitussive tea
(A.E. Stillman et al., 1977). Likewise in Europe, various
types of herbal tea may contain senecio alkaloids. •
Liver damage manifests as hepatomegaly, epigastric
pain, a rise in liver enzymes and an occasional ascites.
Hepatomegaly is due to the 10�20 fold enlargement of
hepatocytes, which is a result of the anti-mitotic effect
of pyrrolizidine alkaloids. Centrolobular necrosis,
steatosis and obliterative hepatic endophlebitis as well
as an acute or chronic Budd-Chiari syndrome may
appear. Diagnosis is established with the aid of imaging
techniques. In cases of acute poisoning, death often
occurs within a few days. About half the affected per-
sons survive. Chronic intoxications sometimes lead to
the development of cirrhosis and possibly malignant
liver tumours. (s. p. 830)



Liver damage due to toxic substances

5.4.3 Amanita phalloides

The highly poisonous Amanita phalloides is easily con-
fused with the field mushroom and yellow knight fun-
gus. About 15�25% of all fungal poisonings and
50�60% of all fatalities are due to the ingestion of
Amanita phalloides. Four Amanita species can be distin-
guished: (1.) Amanita phalloides (green type), (2.) Ama-
nita virosa (white type), (3.) Amanita citrina mappa (yel-
lowish type), and (4.) Amanita verna (spring amanita
mushroom). The fungal toxins �-amanitin and phalloi-
din are not destroyed by drying or heating. Some 25 g
of fungus contain about 4.0�4.5 mg α-amanitin, i. e.
one mushroom (approx. 50 g) is sufficient for the fatal
poisoning of 1�2 persons. • The maximum serum value
is reached within 3 hours of ingesting the fungal poison.
As a result of the enterohepatic circulation, the serum
concentration remains virtually constant for about 18
hours before beginning to fall steadily. The latency
period (5�24 h) is asymptomatic. In the gastrointestinal
phase (24�48 h), vomiting, gastric spasms, diarrhoea
and dehydration occur, with loss of electrolytes and
zinc. Metabolic alkalosis can abruptly change into
metabolic acidosis. This phase is caused by the rapid
onset of phallotoxic action. The hepatorenal phase sets
in from about the third day onwards, with hepatic ence-
phalopathy, cerebral oedema, a rise in transaminases,
jaundice, a drop in the clotting factors, and hypoglyc-
aemia. Death due to haemorrhagic diathesis in coma
and/or uraemia occurs within 5 days; later deaths are
unknown (or very rare).

� Wieland test: The section plane of the fungus,
which is cut open, is rubbed on a newspaper. One
drop of 6 NHCl is then added to the dried sap, which
takes on a blue colouring in the presence of amanitin.

Therapy consists of gastric lavage, nasogastral intesti-
nal lavage, for example with 100 g lactulose � active
charcoal � Ringer’s solution and a high cleansing
enema; haemoperfusion or forced diuresis can be car-
ried out if necessary. • Silibinin (30 mg/kg BW in 500
ml glucose solution, four times daily) as well as peni-
cillin G (1 mega/kg BW, i.v.) have proved their thera-
peutic value. N-acetylcysteine, fresh plasma, glucose,
AT III and vitamins can be administered as support-
ive measures. The therapeutic success achieved with
silibinin is good; it should be administered as soon
as there is suspicion of amanita poisoning without
waiting for the mushroom to be identified in the urine
(RIA, HPCL). It is important to keep samples of the
fungi, stomach contents, blood, urine, etc. (5, 9, 17, 19,
20, 31, 54) (s. pp 378, 383)

� Our own experience with the immediate use of silibinin
in three validated cases of poisoning showed almost reac-
tion-free survival.
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5.4.4 Helvella esculenta

The toxins in Helvella esculenta (Gyromitra esculenta)
can be completely removed by boiling, but this boiled
water must not be re-used as it contains the fungal poi-
son. The toxin was found to be gyromitrin, a hydrazine
derivative. Liver damage manifests as extensive cell
necrosis. With a rapid rise in the transaminases and
serum bilirubin, the illness progresses to liver insuffi-
ciency followed by hepatic coma and death. • No anti-
dote is known. • Therapy hence consists of thorough
gastrointestinal lavage with the addition of active char-
coal and, where applicable, haemoperfusion. It is also
advisable to use supportive measures (see above), as well
as � where appropriate � thioctic acid (5 � 200 mg
i.v.), zinc and selenium.

5.5 Endotoxins

Endotoxins are fragments of long-chain lipopolysac-
charides. They pass from the cell membrane � mainly
from gram-negative bacteria in the intestine � into the
circulation and, as potential hepatotoxins, subsequently
lead to liver damage. In the liver cells, they bring about
a decrease in the activity of tryptophan pyrrolase as well
as an increase in the activity of tyrosine-α-ketoglutarate
transaminase. It is therefore understandable that a con-
tinuous flow of intestinal endotoxins via the portal vein
may well exacerbate an existing liver disease, in particu-
lar liver cirrhosis. At the same time, these endotoxins
cause fever, leucopenia, blood clotting disorders and
kinin activation. The burden on the RES leads to a rise
in γ-globulins with a simultaneous depressor effect on
albumin synthesis.

5.6 Drugs

Elevated transaminases are found in more than 60% of
anicteric drug addicts. It is, however, difficult to relate
the respective liver damage to a particular drug as there
is usually abuse of several addictive substances, includ-
ing alcohol (� polytoxicomania). It is likewise ex-
tremely difficult to obtain an accurate medical history
from drug addicts. Examinations by liver biopsy have
presented a picture of chronic non-specific, chronic per-
sistent or active chronic hepatitis. • Recently, there have
been increasing reports of Ecstasy intoxications (and
even acute liver failure requiring liver transplantation)
as well as the development of liver fibrosis following
Ecstasy abuse. (21, 25, 26, 29, 74)

6 Diagnosis

6.1 Chronic intoxication

The diagnosis of liver damage due to toxic substances
is based on a detailed medical history. In addition to
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general anamnesis, precise information on alcohol
intake and medication is of primary importance. Alco-
hol and medication are regarded as substantial uncer-
tainty factors in the differential diagnosis and assess-
ment of liver damage due to chemical toxins. Knowledge
of existing metabolic diseases and special aspects in the
person’s lifestyle is also important. Even though sub-
jective symptoms are generally uncharacteristic, obser-
vations concerning the commencement of the illness, its
intensity and, of course, any striking factors can never-
theless simplify diagnostic clarification. The attempt to
compile a comprehensive occupational history can then
begin. A certain flair for detective work may sometimes
be necessary in this connection. • It is important to
obtain documentation of certain workplace-related chem-
icals and working materials!

Objective clinical findings are obtained by physical
examination, determination of laboratory parameters (γ-
GT, GPT, GOT, GDH, AP, ChE) and sonography. Clari-
fication of hepatitis serology is necessary. Additional
laboratory parameters for differential diagnosis or long-
term monitoring (e. g. immunoglobulins, P-III-P, elec-
trophoresis) may be recommended in individual cases.
Although these findings mainly serve to determine the
hepatological status, the possibility or even probability
of toxically induced liver damage can generally be
assessed as well. In the individual case, the constellation
of histological changes also facilitates an aetiological
assessment. • Definitive elucidation can only be
achieved once the respective occupational physician and
industrial toxicologist have clarified the relevant condi-
tions at the workplace. When there is any suspicion that
the working environment has caused liver damage, it is
necessary to notify the authorities, who will then insti-
gate all requisite diagnostic measures and draw up
expertises.

� Objectification and quantification of the suspected
liver noxa(e) at the workplace and in the respective
industrial materials are carried out in accordance with
the current state of knowledge concerning toxicology in
occupational medicine. Even when the chemically
induced liver damage is not obviously related to the
patient’s place of work, it is nevertheless recommended to
seek advice and help from institutions for occupational
medicine and toxicology.

6.2 Acute poisoning

In cases of acute poisoning (e. g. after suicide attempts
or industrial accidents), it is generally straightforward
to connect the poisoning to a particular chemical
noxa. Numerous poison information centres are acces-
sible � round the clock (!) � for rapid toxicological
and therapeutic consultation. The prognosis for poi-
soning depends decisively on the early commencement
of therapeutic measures. • For the initial care of cases
of acute poisoning, the five-finger rule should be
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observed: (1.) removal of the toxin, (2.) antidote ther-
apy (if possible), (3.) elementary assistance (respir-
ation, circulation), (4.) transport to the hospital, and
(5.) collecting evidence of the intoxication (toxic sub-
stances, etc.). • Medical confidentiality also applies in
cases of acute intoxication.

7 Therapeutic aspects

� Acute poisoning is the result of three parameters: toxin
� toxin uptake � toxin action. Three corresponding
therapeutic equivalents should be applied: antidote ther-
apy � detoxification � first-aid treatment. Detoxifica-
tion and first-aid treatment are generally at the fore until
an antidote (provided one exists) can be used (informa-
tion obtainable from special emergency centres for poi-
sons or from an antidote list). Depending upon the type
of toxin involved, detoxification can be effected by
gastrointestinal lavage, diuretic therapy, blood exchange,
peritoneal dialysis, haemodialysis, ultrafiltration or
haemoperfusion. • In cases of severe intoxication with
acute liver failure, liver transplantation is indicated. (20,
25, 66) In this context, a report has recently been pub-
lished about the successful treatment of acute potassium
dichromate poisoning by means of liver transplanta-
tion. (66)

� In chronic intoxication, the therapeutic objective is
removal of the patient from the site of exposure and
elimination of the noxa from the body (e. g. detoxifica-
tion measures, infusions of calcium-disodium EDTA in
cases of lead poisoning, etc.). There is no justification
whatsoever for therapeutic nihilism. With the aid of
dietetic measures (if necessary) and adjuvant therapy
(N-acetylcysteine, antioxidants, ursodeoxycholic acid,
S-adenosyl-methionine, etc.), the clinical course and
hence the prognosis can be favourably influenced. •
Insufficient regression or inadequate normalization of
laboratory parameters and histological changes despite
removal of the patient from the area of exposure must
arouse suspicion of a further, still existing noxa (alcohol,
medicaments, other chemicals).

Despite the presence of numerous potential hepato-
toxic substances at the workplace, the frequency of
industrial toxic liver damage is nevertheless low. This
is no doubt due to the success of screening pro-
grammes in occupational medicine, tolerance limits
for toxic substances at the workplace as laid down by
law and careful compliance with all preventive meas-
ures. • However, experience has shown that one must
always reckon with new, potentially hepatotoxic sub-
stances. In fact, far more attention must be paid to
those chemicals belonging to the category of “recre-
ational and hobby noxae”, which are often handled
with an irresponsible disregard of all risks.



Liver damage due to toxic substances

8 Industrial hepatotoxic agents
1. Aliphatic halogenated hydrocarbons

�Chloroform (� trichloromethane)
Chloroprene (� 2-chloro-1,3-butadiene)

�1,1-dichloroethane, 1,2-dichloroethane
1,1-dichloroethene, 1,2-dichloroethene
Dichloromethane
Fluorchloromethane
Methyl bromide (� monobromomethane)
Methyl chloride (� monochloromethane)
Methylene chloride (� dichloromethane)
Methyliodide (� monoiodomethane)

�Pentachloroethane
Propylene dichloride (� dichloropropane)

�Tetrachloroethane
Tetrachloroethene (PER)

�Tetrachloromethane (� carbon tetrachloride)
1,1,1-trichloroethane, 1,1,2-trichloroethane

�Trichloroethen (TRI)
Vinyl chloride

2. Aromatic halogenated hydrocarbons
Benzyl chloride (� monochlorobenzene)
Chlorinated benzene derivatives
Chlorinated naphthalenes

�Chlorobiphenyl
Dichlorodiphenyltrichloro-ethane (DDT)

�Perchlorobiphenyl (PCB)

3. Aliphatic hydrocarbons and cycloalcans
Cyclohexane
Cyclopropane
N-heptane
N-hexane

4. Aromatic hydrocarbons
Benzene
Diphenyl

�Naphthalene
Styrene (� ethyl benzene)
Toluene (� methyl benzene)
Xylene (� dimethyl benzene)

5. Aliphatic amines
2-acetylaminofluorene
Ethanolamine (� aminoethanole)
Ethylenediamine (� 1,2-diaminoethane)

6. Aromatic amines
4,4-diaminodiphenyl methane
3,3-dichlorobenzidine and its salts
4-dimethylamino-azobenzene (� “butter yellow”)
4,4-methylene-bis(2-chloroaniline)

7. Nitro compounds
�Dinitrobenzene

4,6-dinitro-o-cresol (DNOC)
�Dinitrophenole

2,4-dinitrotoluene
Nitrobenzenel
Nitroparaffins (nitroalkanes)
Nitrophenol
Nitropropane
N,N-dimethylnitrosamine

�Picric acid (� 2,4,6-trinitrophenol)
Tetryl (� nitramine)

�Toluene diamine (� neutral red)
�2,4,6-trinitrotoluene (TNT)

8. Nitriles
Acetonitrile
Acrylonitrile

9. Acetates and silicates
Amyl, N-butyl, ethyl, isopropyl, methyl and N-propyl acetates
Ethyl silicate

10. Halogens and halogenides
Bromine
Bromide
Hydrobromic acid

11. Ethers and epoxides
Diethyl ether

�Dioxane (� 1,4-dioxane)
Epichlorohydrin
Ethylene oxide
Ethylglycol ether and derivatives

12. Alcohols and derivatives
Allyl alcohol
Dichloropropanol (� 1,3-dichloro-2-propanol)
Ethanol (� ethyl alcohol)
Ethylene chlorhydrin (� 2-chloroethanol)
Methanol (� methyl alcohol)

13. Carboxylic acids and anhydrides
Phthalic acid anhydride

14. Phenols and derivatives
Cresol (� methyl phenol)
Pentachlorophenol (PCP)
Phenol

15. Cyanides and Cyanates
Cyanhydric acid (� prussic acid)

�Isocyanate

16. Pesticides
Dipyridyl (� 2,2-bipyridine)

�Paraquat (� paraquat dichloride)
�Thallium sulphate

17. Other organic compounds
Aldehydes
Betapropiolactone
Carbon disulfide
Dimethyl sulphate

�Hydrazine and derivatives
Mercaptans
N,N-dimethylacetamide

�N,N-dimethylformamide
N-nitrosodimethylamine
Pyridine
Tetrachlorodiphenyl-p-dioxin (TCDD)
Tetramethylthiuram disulphide (� thiram)
Turpentine

18. Metal and inorganic compounds
�Arsenic
�Arsines

Beryllium
Bismuth and bismuth compounds
Boron and boron compounds
Cadmium and cadmium compounds
Carbonyle
Chromium and chromium compounds
Germanium
Iron
Copper
Lead
Manganese
Mercury and mercury compounds
Nickel and nickel compounds
Phosphine (� hydrogen phosphide)

�Phosphorus and phosphorus compounds
Selenium and selenium compounds
Stibium (� antimony hydrogen)

�Thallium and thallium compounds
Thorium dioxide
Tin and tin compounds
Uranium and uranium compounds

Tab. 30.3: Table of important, mainly industrially used, toxic substances (selection). (� � causes very severe liver damage, severe toxic
hepatitis and acute liver failure) • We would appreciate any corrections, supplements or additions.
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31 Metabolic disorders and storage diseases

1 Definition

Primary metabolic disorders and storage diseases are
caused by endogenous factors, usually a gene muta-
tion. Since the congenital defect is predominantly or
exclusively located in the liver, the resulting diseases
also become manifest in this organ.

Secondary metabolic disorders and storage diseases
are present in almost all liver diseases and occur with
more or less pronounced intensity. • They are, how-
ever, also caused by faulty nutrition as well as by
many exogenous factors or noxae � just as latent
metabolic disorders may generally become manifest
due to such factors.

Thesaurismoses are storage diseases caused by the
accumulation of metabolic products or substances in
body fluids, organs or cells as a result of metabolic
disorders.

2 Pathogenesis

� The pathogenic processes leading to the development
of primary metabolic disorders or storage diseases are
essentially caused by two mechanisms : (1.) formation of
atypical macromolecules and (2.) extensive or complete
blockage of a metabolic pathway. • These pathologically
formed macromolecules cannot be broken down or
secreted, with the result that they accumulate in the cells,
including hepatocytes, or in the extracellular spaces. •
Blockage of a metabolic pathway leads to (1.) insuffi-
cient production of certain metabolites, (2.) metabolite
accumulation at the point of blockage, or (3.) formation
of abnormal metabolites. This gives rise to the respective
primary metabolic disorder or storage disease. It is,
however, largely unclear what kind of mechanisms are
actually responsible for liver cell damage.

� The pathogenesis of secondary metabolic disorders
or storage diseases depends on the specific metabolic
influence resulting from the character of the existing
liver disease as well as other individual factors (e. g. mal-
nutrition, alcohol abuse, chemicals, toxins). • Either a
severe deficiency or an excessive supply of nutrients can
cause persistent disorders in the hepatic metabolism and
possibly result in morphological changes. This may also
trigger a latent metabolic disorder which leads to fur-
ther hepatocellular damage. This is especially true when
the hepatic metabolism is compromised by a combina-
tion of stress factors, such as are present with diabetes
mellitus, obesity, alcoholism or hyperlipidaemia.
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� In primary or secondary metabolic disorders or
storage diseases, almost all metabolic functions of the
liver may be affected.

Bilirubin metabolism (� jaundice)
Bile acid metabolism (� cholestasis)

Amino acid metabolism Lipid metabolism
Carbohydrate metabolism Lipoprotein metabolism
Copper metabolism Mucopolysaccharide metabolism
Glycolipid metabolism Porphyrin metabolism
Iron metabolism Protein metabolism

Genetically induced disorders of bilirubin metabolism
affect (1.) bilirubin conjugation or (2.) bilirubin excre-
tion through the canalicular membrane. This results in
functional hyperbilirubinaemia. (s. tabs. 12.1, 12.4) (see
chapter 12)

Genetically induced disorders of bile acid metabolism
cause non-obstructive intrahepatic cholestasis. Cholesta-
sis due to primary storage diseases also belongs to this
group of disorders. (s. tab. 13.4) (see chapter 13)

3 Non-alcoholic fatty liver disease

3.1 Physiological aspects

Usually, the liver contains 0.8�1.5% of its wet weight in
the form of extractable, finely dispersed structural fats,
which cannot be detected by normal histological tech-
niques. Under the light microscope, the liver fat, which
is mainly made up of small droplets of triglycerides,
only becomes visible when an increase to > 2�3%
occurs. Above this value, hepatocytes “register” this
event as a pathological process per se.

Triglycerides: Triglycerides are formed by the esterification of fatty
acids with glycerophosphate being produced by glycolysis. • Short-
and medium-chain fatty acids from foodstuffs as well as fatty acids
derived from lipolysis within adipose tissue are bound to albumin
and transported to the liver cells through the portal vein. Long-
chain fatty acids from foodstuffs become inserted as triglycerides
in the chylomicrons within the mucosal cells of the small intestine.
After having been broken down by endothelial lipoprotein lipase,
the chylomicrons reach the hepatocytes in the form of remnants
together with fatty acids. There, the fatty acids are beta-oxidized
(to acetate and ketone bodies) in order to release energy or to
synthesize phospholipids, cholesterol ester and triglycerides. The
liver cell is also capable of de-novo synthesis of fatty acids from
acetyl coenzyme A. Triglycerides are synthesized rapidly, particu-
larly when there is a sufficient supply of α-glycerophosphate and
acetyl coenzyme A. This also explains the influence of glucose and
insulin on the regulation of hepatocellular metabolism. High car-
bohydrate (and alcohol) levels increase the esterification of fatty
acids to form glycerides. Partial conjugation of lipids and apoprot-
eins takes place at the contact surfaces (i. e. membranes) of the
smooth and rough endoplasmic reticulum, while the carbohydrate
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component is subsequently added within the Golgi complex, so
that a complete VLDL particle is formed. It is only in this form,
and together with cellular membrane lipids, that triglycerides can
be actively exported from the liver cell by way of exocytosis. Other-
wise, both retention and thus storage occur in the liver cell. •
VLDL particles secreted from the hepatocyte are once more bro-
ken down in the capillaries by lipoprotein lipase to form LDL and
fatty acids. In this way, the fatty acids can be reused as an energy
source, stored in fat depots or remetabolized in the hepatocytes. •
The lipids stored in fat depots are likewise broken down by triglyc-
eride lipase into fatty acids (and glycerin) and reach the liver cells
again via the blood stream, where the same possibilities of meta-
bolization exist. • The liver cell is capable of either synthesizing or
metabolizing lipid substances separately within itself, both in terms
of time and place. These metabolic processes may occur parallel to
and independently of each other. (s. p. 43) (s. fig. 3.8)

3.2 Definition

Liver steatosis is defined as a condition when there are
small or medium-sized fat droplets in singular, dissemin-
ated liver cells and when the fat content is 3�10% of
liver wet weight. • Fatty liver is defined as a condition
when the fat storage is > 10% of liver wet weight, when
> 50% of the hepatocytes contain fat droplets in dif-
ferent sizes (small to large) and when fat deposition
shows a diffuse pattern in the parenchyma. • Storage of
fat in the liver cell is the most common form of morpho-
logical hepatocellular damage.

� Symptom: Low-grade fat storage in liver cells, ranging
from the deposition of tiny to medium-sized droplets, is
deemed to be a mere symptom (or “metabolic siding”)
and therefore a harmless phenomenon. • Such a finding
can be seen as a “dynamic” (short-term) liver steatosis
after a high-fat meal, particularly together with alcohol.

� Disease: A diffuse fatty liver showing medium and
large-sized droplets is regarded as a disease when the
severity increases to a point where > 50% of hepatocytes
are involved (� “from symptom to disease”). Occasion-
ally, excessive fat storage occurs (up to 100% of hepato-
cytes involved) with a high mortality rate, e. g. in acute
alcohol intoxication (s. fig. 28.5) and acute poisoning
due to chemicals or toxins. A maximum fat storage rate
of 24% of liver wet weight has been observed.

3.3 Pathogenesis

When the hepatocytes are continuously inundated by
fatty acids, from either the intestines or fat depots, their
oxidative degradation or synthesis capacity may be
reduced and triglyceride binding to lipoproteins can be
depleted. This is most likely to happen whenever apo-
protein synthesis or lipoprotein formation is compro-
mised by noxae (e. g. alcohol). • Fat storage in hepato-
cytes is a question of equilibrium since accelerated or
increased formation of triglycerides in the liver cell is
not compensated by sufficient synthesis of lipoproteins
and adequate secretion of VLDL from the liver cell. •
Therefore, both exogenous and endogenous pathogenic
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factors may be responsible for the development of liver
steatosis. In this process, additive as well as potentiating
metabolic disorders sometimes occur, resulting in a
biochemical/morphological vicious circle. (s. tab. 31.1)

Exogenous
1. Increase in lipid uptake from the intestine
2. Enhanced supply of glyceride precursors

(glucose, fructose, galactose)

Endogenous
1. Increase in peripheral lipid mobilization

• Lipolysis � (� triglyceride lipase activity �)
(by ACTH, cortisol, catecholamines, prostaglandins,
caffeine, alcohol, nicotine)

2. Inhibition of lipid utilization in hepatocytes
• β-oxidation �
• Fatty acid-binding protein �

3. Increase in lipid synthesis in hepatocytes
• Formation of fatty acids �
• Formation of triglycerides �

4. Reduction in lipid export
• Secretion of VLDL �
• Synthesis of apoproteins B, C1�C3, E �
• Disturbance in gluconeogenesis

Tab. 31.1: Pathogenesis of liver steatosis and fatty liver

3.4 Morphology
� The earliest histological criteria of fatty liver were described
by W. Bowman in 1842. • As early as 1861, F. T. Frerichs demon-
strated the development of hepatic steatosis and its reversibility
in dogs. He gave a detailed description of minute fat droplets
in liver cells and their continuous growth. Even at that time, he
differentiated between fatty infiltration and fatty degeneration.
Indeed, he considered fatty degeneration to be more “perni-
cious” than fatty infiltration. (1861, volume I, pp 285�324; figs.
41, 42) • (see below: W. S. Hartroft et al., 1968)

3.4.1 Fatty infiltration

Fat storage in liver cells starts with tiny droplets being
deposited inside the endoplasmic reticulum and cyto-
plasm. This fatty deposition in the form of small drop-
lets without a surrounding membrane is also called fatty
infiltration (type A) (W.S. Hartroft et al., 1968). (14) Ini-
tially, only a few hepatocytes are affected by small-drop-
let deposits, whereas later on whole clusters are grouped
together, mainly at the periphery of the lobules or in
the centroacinar area. • Slowly but steadily, the droplets
become larger, resulting in medium-droplet steatosis. The
stored fatty droplets increase further in size and eventu-
ally fill the hepatocytes completely (� macrovesicular
steatosis). (20, 24, 40, 49) (s. tab. 31.2)

As a result of large-droplet steatosis, the hepatocytes be-
come enlarged, the fine cytoplasmatic structures are
destroyed and the nucleus is pushed towards the cellular
membrane. The functions of the nucleus are impaired
or even halted. This also results in a strong tendency of
the fatty cells to develop necrosis even under mildly
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Formation of fat droplets
1. Deposits of tiny fat droplets

Formation of small fat droplets
� small-droplet liver steatosis

�
2. Increase in size of fat droplets

� medium-droplet liver steatosis
�

3. Further increase in size of fat droplets
Confluence of fat droplets
Impairment of nuclear functions
� large-droplet liver steatosis

�
� mixed-droplet liver steatosis
� formation of fat cysts

Localization of liver steatosis
1. peripheral 3. zonal
2. centroacinar 4. diffuse

Liver steatosis
1. Low-grade liver steatosis

� ca. 5% of WW
� 10�15% of hepatocytes

2. Medium-grade liver steatosis
� 6�8% of WW
� 15�30% of hepatocytes

3. Pronounced liver steatosis
� 8�9% of WW
� 30�50% of hepatocytes

Fatty liver
4. Severe fatty changes in liver cells

� 10�12% of WW
� >50% of hepatocytes

(medium and large-droplet size, diffuse)
5. High-grade fatty changes in liver cells

� 12�17% of WW (300�500 mg/g)
� >70% of hepatocytes

Tab. 31.2: Formation, localization and various courses of liver
steatosis resulting in the development of fatty liver (WW � wet
weight of liver)

toxic conditions. At the same time, the hepatocyte loses
more and more glycogen. Glycogen vacuolations of the
nuclei form when nuclear glycogen is removed. (s. fig.
31.1) They can be observed in various diseases, most
frequently in diabetes mellitus, predominantly in the
area of the portal fields. • So-called fat cysts of various
sizes are the result of large-droplet steatosis due to the
cellular membrane being torn apart. (s. fig. 31.2) This
fat-storing process results ultimately in a diffuse mixed-
droplet fatty liver. (s. fig. 31.3) • Peripheral fat deposits
(zone 1) are mainly caused by infectious or toxic dam-
age directly affecting the periphery, where the liver cells
are more involved in lipid metabolism via the blood
stream. (s. fig. 31.4) • Centroacinar steatosis (zone 3) is
mostly found in O2 deficiency, nutrition-related damage,
diabetes mellitus and alcohol abuse. It is basically con-
sidered to be the more severe form of damage. (s. fig.
31.5) • Zonal steatosis occurs when only certain zones
or areas of a lobule are affected. • This eventually results
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Fig. 31.1: Glycogenated nuclei (so-called glycogen vacuolations of
the nuclei) in diabetes mellitus. Insert: nucleus strongly laden with
glycogen (�) (PAS) (s. pp 396, 526, 589, 596, 611, 620)

Fig. 31.2: Large-droplet (coarse-vacuolar) fatty liver in diabetes
mellitus (preliminary stage of fat cyst formation) (HE)

Fig. 31.3: Pronounced mixed-droplet fatty liver (Sudan red)

in diffuse steatosis of the whole lobule. (s. fig. 31.3) In
general, the left lobe shows less homogeneous steatosis
than the right lobe. Regionally more pronounced fatty
changes � which were formerly known laparoscopically
as “yellow spots” (s. fig. 31.6), can be clearly detected
as focal (s. fig. 8.3) or segmental fatty infiltration (s. fig.
8.4) by means of CT. (8, 13, 17, 26, 40)



Chapter 31

Fig. 31.4: Steatosis in periportal liver parenchyma. Clinical diagno-
sis: chronic phosporus poisoning (HE)

Fig. 31.5: Centroacinar steatosis. Clinical diagnosis: chronic alco-
hol abuse (Sudan red)

Fig. 31.6: Fatty liver with pronounced, regional, thumb-sized fatty
changes at the periphery of the left liver lobe (so-called “yellow
spot”)

3.4.2 Fatty degeneration

This form of microvesicular fat storage in hepatocytes,
which is also termed type B (W. S. Hartroft et al., 1968)
(14), is a rare but prognostically serious condition. The
cytoplasm is filled with small non-confluent fat particles

582

which are surrounded by a delicate membrane. This may
give the hepatocytes a foamy appearance. The nucleus
remains largely unmodified in the centre of the cell.
Such microvesicular degeneration can be found in
various thesaurismoses, different liver conditions and
numerous drug-induced diseases. (15) (s. tab. 31.3)

1. Acute fatty liver of pregnancy
2. Alcoholic foamy fat syndrome
3. Jamaican vomiting sickness (35)
4. Kwashiorkor (30, 38)
5. Reye’s syndrome
6. Thesaurismoses

� cholesterol ester storage disease
� disturbance of the urea cycle
� HDV hepatitis in northern South America
� Wolman’s disease

7. Drugs
� acetylsalicylic acid � pirprofen
� amineptin � tetracycline
� fialuridine � valproic acid
� ibuprofen � warfarin
� ketoprofen etc.

Tab. 31.3: Causes of microvesicular fatty degeneration (with
some references)

3.4.3 Phospholipidosis

Enhanced lysosomal storage of phospholipids due to
the inhibition of phospholipases is another special form
of hepatic steatosis. The hepatocytes are enlarged and
exhibit a distinctive foamy lucency of the cytoplasm.
Crystalline inclusions and an agglomeration of myelin
structures are visible in the lysosomes by electron micro-
scopy. Mallory bodies may also be found. This idio-
syncratic metabolic liver damage may even develop into
cirrhosis. (s. p. 545) (s. tab. 31.4)

1. Amiodarone 5. Imipramine
2. Amitriptyline 6. Perhexiline maleate
3. Chloroquine etc.
4. Chlorpromazine

Tab. 31.4: Causes of phospholipidosis

3.5 Causes

Causes of fatty liver are manifold, and combinations of
causes quite common. Acquired causes are by far the
most frequent, but there are also rare causes, e. g. coeliac
disease (9, 25), parenteral nutrition. (28, 29) • Congenital
metabolic disorders can also lead to the development of
a fatty liver, as in the case of a rare thesaurismosis. • It
is of considerable therapeutic and prognostic impor-
tance to differentiate between an alcoholic fatty liver
(AFL) and alcoholic steatohepatitis (ASH) (s. pp 529,
531) as well as between non-alcoholic fatty liver
(NAFLD) and non-alcoholic steatohepatitis (NASH).
(2, 20, 24, 36) (s. tabs. 31.5�31.7)
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1. Nutritional causes
Gastric bypass
Hyperalimentation/obesity (1, 4, 5, 10, 19, 34, 51, 77)
Jejunoileostomy
Malnutrition (12)
� malabsorption, starvation, kwashiorkor (30, 38)
Parenteral feeding (28, 29)

2. Metabolic disorders
Diabetes mellitus (22, 34, 39)
Gout
Hyperlipidaemia (56)
Thesaurismoses (s. tab. 31.6)

3. Alcohol
4. Drugs (s. tabs. 29.10; 31.7)
5. Chemical substances (47)
6. Phytotoxins, mycotoxins
7. Infections

Bronchiectasis
Chronic osteomyelitis
Chronic tuberculosis
Hepatitis C
HIV infection
Sprue
Ulcerative colitis/Crohn’s disease (9, 25)
Yellow fever

8. Oxygen deficiency
� anaemic
� cardiac
� respiratory

9. Endocrinopathies
Acromegaly
Cushing’s syndrome
Myxoedema (59)

10. Liver surgery
Liver resection
Primary dysfunction of a transplanted liver (45, 62)

11. Cryptogenic fatty liver (11)

Tab. 31.5: Acquired causes of liver steatosis or fatty liver (includ-
ing some references)

Abetalipoproteinaemia Mucoviscidosis
Cholesterol ester storage Niemann-Pick disease
Fructose intolerance Refsum’s disease
Galactosaemia Sphingolipidosis
Glycogenoses Tyrosinaemia
Homocystinuria Weber-Christian disease
Hypoalphalipoproteinaemia Wilson’s disease
Mauriac syndrome Wolman’s disease
Mucolipidosis etc.

Tab. 31.6: Congenital causes of liver steatosis or fatty liver (so-
called thesaurismoses)

The frequency of NAFLD in the general population is
given as 3�58%, whereby the great variability is due to
socio-economic differences (average value 20�23%).
The development of NAFLD is more closely correlated
with obesity than with alcohol abuse. In the case of
combined obesity and alcohol abuse, the frequency of
fatty liver is estimated to be 50�60%. About one third
of overweight patients suffer from type II diabetes,
which in turn is responsible for the development of an
NAFLD or it can lead to the formation of ASH and
NASH. Consequently, if several causal factors of
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1. Medication Carbon tetrachloride
Flurazepam Chloroform
Glucocorticosteroids Chromium
Hydrazine DDT
Mercaptopurine Dinitrobenzene
Methotrexate Dioxins
Naproxen Hexachlorocyclohexane
Nifedipine Lead
Phenylbutazone Pentachloroethane
Probenecid Phosphorus
Rifampicin Tetrachloroethane
STH Toluilendiamine
Tamoxifen etc.
etc. 3. Phytotoxins and

2. Chemical substances mycotoxins
Antimony Aflatoxins
Arsenic Amanitins
Chloronaphthalene Gyromitrin

Tab. 31.7: Liver steatosis or fatty liver due to medication, chemical
substances or toxins (s. tab. 29.10!)

NAFLD coincide, the frequency and severity of fatty
liver increases. (18)

3.6 Non-alcoholic steatohepatitis

� In 1980 the term non-alcoholic steatohepatitis
(NASH) was introduced by J. Ludwig et al. to denote
chronic liver disease with increased enzymatic activity
and the histological picture of alcohol-induced hepa-
titis. (60) • The histological feature itself was described
by H. Thaler as early as 1962 in his paper “Fatty liver
and its relationship to cirrhosis“. (76) • Over the
following years, transition from a diabetic fatty liver
into cirrhosis was reported (S. Itoh et al., 1979) as well
as from an obesity-induced fatty liver into cirrhosis
(M. Adler et al., 1979).

3.6.1 Definition

Histologically, non-alcoholic steatohepatitis shows
moderate to high-grade, mainly macrovesicular fatty
degeneration of the liver cells with inflammatory
infiltrates and formation of fibrosis. Cirrhosis fre-
quently develops. • Despite the morphological simi-
larity to alcohol-induced fatty liver hepatitis, there is
no (noteworthy) alcohol consumption involved in
NASH. Viral or autoimmune hepatitis are not detect-
able either. • There are no or only moderate subjective
complaints. The transaminases are normal or slightly
increased. NASH is mostly associated with obesity
and/or type II diabetes, thus NASH is regarded as the
hepatic manifestation of a metabolic syndrome.

3.6.2 Epidemiology

Once alcohol consumption, viral hepatitis or autoim-
mune hepatitis have been ruled out, NASH is deemed
the most common cause of a long-term increase in



Chapter 31

transaminases. • The information available on preva-
lence and general frequency is not yet sufficient. In
2�6% of the US population, however, an increase in
GPT (ALT) was detected without chronic liver disease
being diagnosed. (55) Based on liver biopsies, a preva-
lence of 1.2�9.0% was determined. (70) NASH is fre-
quently associated with obesity (ca. 40%), non-insulin-
dependent diabetes mellitus (ca. 20%) and hyperlipid-
aemia (ca. 20%). Women (particularly in middle age) are
more often affected than men. (51, 55, 77, 78) • NASH
may indeed also be found in children. (61, 67, 73). In this
context, it was associated with obesity in 83% and with
a disorder of the lipid metabolism in 50% of cases, while
diabetes mellitus could only be detected in 5% of
patients (but with increasing frequency during the fur-
ther course of life as was shown in the follow-up). (67)

3.6.3 Pathogenesis

The development of liver steatosis is attributable to vari-
ous exogenous and endogenous mechanisms, which may
combine with and/or potentiate each other. (s. tab. 31.1)
Numerous causal factors must be considered in the
pathogenesis of fatty liver. (s. tabs. 31.5, 31.7)

With the increasing storage of fat, the liver cells also
become more and more vulnerable to noxae. Thus oxida-
tive stress may cause augmented oxidation of free fatty
acids in the peroxisomes as well as enhanced activity of
cytochrome P 450 2E1. The biotoxometabolites (e.g.
malonyldialdehyde, 4-hydroxynonenal) arising during this
process provoke inflammatory infiltrations and fibrosis.

Second-hit hypothesis: This hypothesis has been proposed as a
plausible explanation for the occurrence of NASH. (48, 70) • The
first hit is considered to be the development of fatty liver, particu-
larly due to hyperalimentation and obesity resulting in insulin
resistance. As second hit follows the mobilization of free fatty acids
from fat depots and their transport to the liver cells. This leads to
a massive increase of free radicals due to oxidative stress with lipid
peroxidation and induction of cytokines (TNFα, TGFβ, IL6, IL8).
As a result, there is a reactive formation of uncoupling protein
(UCP2) with a subsequent decrease in hepatocyte ATP and a dis-
turbance of macrophage function with higher sensitivity to endo-
toxin. This leads to an inflammatory reaction, cell death and the
formation of fibrosis. (44, 50, 65)

A genetic basis seems to be necessary as a predisposition
of NASH; however, such mechanisms are still unknown.
It is discussed that genes can influence the degree of
oxidative stress, the severity of steatosis, the regulation
of immune reactions and apoptosis.

� The pathogenesis of NASH is multifactorial, i.e. in
the presence of steatosis, it is attributed to the add-
itional (even combined) influence of different noxae
(e. g. oxygen deficiency, endotoxins, medicaments,
chemicals, iron, biotoxometabolites). • There should
be no laboratory findings pointing to alcohol abuse;
chronic hepatitis B and C as well as autoimmune hep-
atitis (75) must also be ruled out.
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� From present knowledge, it can be assumed that
numerous cases of cryptogenic chronic hepatitis or
cryptogenic cirrhosis are attributable to the presence
of NASH in terms of aetiopathogenesis.

3.6.4 Morphology

The diagnosis of NASH as well as the assessment of its
prognosis is most reliably derived from liver histology. •
In the lobule, steatosis is distributed mainly in a macro-
vesicular and diffuse manner, but sometimes it is also
concentrated microvesicularly and perivenously. Glyco-
genated nuclei are commonly present. • The inflamma-
tory reaction consists of granulocytic and lymphocytic
infiltrates, which are more frequently found in the portal
and perivenous area than intralobular, with or without
focal necrosis. Cell ballooning, Mallory’s hyaline and
ubiquitin are generally present, while occasionally
megamitochondria are also found. Steatosis and mild
lobular chronic inflammation alone are insufficient for
the diagnosis of NASH. • First of all, fibrosis appears
within the perisinusoidal area, then additionally within
the portal field; subsequently, it develops as bridging
fibrosis giving rise to architectural remodelling, and
eventually results in cirrhosis with portal hypertension.
The histological picture of NASH can be mistaken for
chronic hepatitis C, steroid-treated autoimmune hepati-
tis, drug-induced hepatitis or the early stage of Wilson’s
disease. It is even more difficult for the pathologist to
differentiate between a cirrhosis as a result of NASH,
chronic hepatitis C and autoimmune hepatitis. Often a
diagnosis of cryptogenic cirrhosis has to be made. (11,
40, 42, 43, 44, 52, 54, 58, 61, 66, 70, 71, 73) (s. fig. 31.7)

Fig. 31.7: Non-alcoholic steatohepatitis (NASH): Hydropic degen-
erated hepatocytes with Mallory’s hyaline (�); lymphocytic and
granulocytic infiltration as well as activated Kupffer cells (HE)

� There are no morphological differences between
alcoholic steatohepatitis and NASH. • In some
30(�50)% of patients with NASH, predominantly
micronodular cirrhosis develops within 5 years.
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3.7 Diagnosis

Clinical findings: Steatosis does not cause any subjective
complaints or clinical symptoms; it remains undetected
or is discovered incidentally when diagnostic screening
is being carried out for another disease. In this context,
the presence of risk factors (overweight, diabetes, gout,
hyperlipidaemia, medication, malnutrition, etc.) is of
considerable diagnostic importance. • Subjective com-
plaints may include fatigue, repletion, malaise or loss of
appetite. In hepatomegaly, right upper quadrant abdo-
minal discomfort may occur, especially when stooping
or lying on the right side. In obesity, which is present in
most cases, hepatomegaly is often not palpable, so that
the actual size of the liver may only be demonstrated by
sonography (or CT). Hepatomegaly correlates with the
severity of the fatty liver, allowing determination of the
course. Splenomegaly is found in 20�25% of patients.
(37) • In advanced cases, skin stigmata of liver disease as
well as signs pointing to portal hypertension might be
in evidence. (s. tab. 31.8)

Laboratory diagnostics: With increasing severity of a fatty
liver or NASH, some laboratory parameters are patho-
logical in 80�90% of cases, i. e. 10�20% of patients show
normal values. There is an initial rise in γ-GT, and subse-
quently in GPT and GOT. As a rule, the mildly to moder-
ately increased values are detected purely by chance dur-
ing a medical check-up. The DeRitis quotient is < 1 (cf.
alcoholic hepatitis with > 1). While this constellation in
itself is a useful hint of liver cell damage induced by toxins
or metabolic processes, an increase in cholinesterase actu-
ally suggests the presence of disturbed lipid metabolism
or a fatty liver. Decreased functioning of the liver, detect-
able at an early stage, can be determined by measuring the
galactose elimination capacity (s. p. 95) or by applying the
indocyanine green test (s. p. 96); these tests may also be
used in long-term follow-up. • Other important labora-
tory parameters include alkaline phosphatase, bilirubin,
electrophoresis, ferritin, leptin (46, 68), thioredoxin (74)
and parameters connected with lipid metabolism. Pro-
gressive and severe courses correlate well with laboratory
values well outside the normal range. Sonographic signs
of liver steatosis indicate screening for diabetes mellitus, if
necessary with the help of the oral glucose tolerance test.
(6, 36, 50, 52, 54, 55, 58, 72, 74) (s. tab. 31.8)

Sonography: Hepatomegaly can usually be confirmed by
sonography (vertical diameter liver enlargement in
MCL > 11�12 cm), with the liver generally showing a
plump form. The echogenicity is increased as a result of
the high number of water/fat boundary layers, and the
single reflexes are coarsened (in contrast to the renal
parenchyma). In general, the hepatic veins are difficult
to visualize. In pronounced fatty liver, sonographic signs
of portal hypertension may appear (� sinusoidal block).
There is a positive correlation between the degree of
fatty changes and the increase in echogenicity (so-called
large, white liver). Fatty changes below 10�20% cannot
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be reliably detected by sonography. (s. p. 117) • Often, it
is difficult to differentiate focal fatty changes (circum-
scribed density of the echo pattern) from malignant foci,
so that further clarification by means of scintigraphy
(26) or CT scanning is required. Fibrosis shows an
inhomogeneous parenchymal structure in relation to the
degree of severity. (7, 8, 13, 23, 31) (s. tab. 31.8)

CT: In a fatty liver, CT scanning shows diffuse density
reduction with a corresponding decrease in Hounsfield
units (HU). (27) A fatty liver is markedly darker than
the spleen (so-called large, grey liver). The vessels and
bile ducts are hyperdense as compared to the paren-
chyma. There is a linear relationship between the extent
of fat deposition and the reduction in density. The diag-
nostic reliability of a fatty liver determined by CT is
85�95%. Focal fatty changes or segmental fatty changes
are easy to differentiate since, in contrast to metastases,
they do not have any vascular branching. A 10%
increase in the relative fat content results in a density
reduction of 17�20 HU; i. e. in fatty changes of 80%, a
density decrease to about �50 HU occurs. (s. p. 153) •
Investigations have also been carried out to determine
whether it is possible to quantify the fat content of the
liver by MRI. (17, 21, 27) (s. tab. 31.8)

1. Determination of potential risk factors
(obesity, alcohol, diabetes, gout, malnutrition,
hyperlipidaemia, medication, etc.)

2. Hepatomegaly

3. Laboratory parameters
• γ-GT �, GPT �, GOT �
• cholinesterase �
� galactose elimination capacity �
� indocyanine green test �
� alkaline phosphatase �
� ferritin �
� triglycerides �, cholesterol �, glucose �
� lipid electrophoresis �, leptin �, thioredoxin �

4. Sonography
CT

5. Morphology
• percutaneous biopsy, laparoscopy � biopsy

Tab. 31.8: Diagnosis of fatty liver or NASH, involving determina-
tion of the degree of severity, differential diagnosis and course

Liver biopsy: Only morphology provides a definitive
diagnosis of fatty changes in the liver cells or a fatty
liver. Apart from revealing fatty changes, it is even
more important histologically to detect inflammatory
reactions and to determine whether there is any sign of
progressive fibrosis (e. g. due to iron overload). (6) The
result of grading and staging (43) is decisive for the
prognosis. (s. tabs. 34.2, 34.3) • Laparoscopic evalua-
tion of the liver surface is of considerable diagnostic
importance, as is the targeted biopsy of hepatic areas
which are suspected of being pathological.
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3.8 Prognosis

� A fatty liver has a good prognosis, since complete
reversibility can be achieved if the causes are fully elim-
inated. However, existing fibrotic processes generally
remain. • A fatty liver should in no way be underesti-
mated, since it involves many dangers: (1.) the manifold
liver cell functions may be distinctly compromised,
causing unfavourable effects on the liver or the organism
as a whole; (2.) fatty changes in the liver cells make
them susceptible to noxae or toxins, so that there is an
increased tendency towards steatonecrosis and an
impaired regeneration capacity; (3.) a fatty liver re-
sponds strongly to inflammatory processes with mes-
enchymal reactions; (4.) a severe fatty liver sometimes
results in a narrowing of the intrahepatic vessels with
ensuing impairment of biliary flow and haemodynam-
ics, or it may even lead to the development of portal
hypertension. Prognosis is essentially dependent on
whether the causes of fatty liver as well as any add-
itional risk factors can be eliminated. NASH develops
into fibrosis or cirrhosis within 5�10 years in 10�40%
of cases. Some 10�15% of these patients die within 10
years as a result of complications associated with cirrho-
sis. • Risk factors showing that NASH is progressing
include: age > 50 years, body mass index > 30, type II
diabetes, hyperlipidaemia, DeRitis quotient > 1, throm-
bopenia, and the presence of Mallory bodies. (16, 36, 50,
54, 58, 66, 71) • Metastases originating from a colorectal
carcinoma are very rarely found in fatty liver.

3.9 Complications

The occurrence of complications points to the fact that
fatty liver should not generally be regarded as a harmless
disorder. A fatty liver as well as the various risk factors
may give rise to complications which occasionally mani-
fest as a separate disease. (20, 36, 58, 66) (s. tab. 31.9)

1. Development of fatty liver hepatitis progressing to
fatty fibrosis (50%) or cirrhosis (15%) (e.g. via non-
alcoholic steatohepatitis)

2. Formation of intrahepatic cholestasis with or
without jaundice, possibly even similar to ob-
structive jaundice (3)

3. Fat embolism (R. Virchow, 1886) (32)

4. Compression and narrowing of sinusoids (33) with
potentially reversible portal hypertension � but
also with formation of collaterals and ascites

5. Intrahepatic narrowing of the inferior vena cava,
with occurrence of leg oedema

6. Hepatic insufficiency (3%)

Tab. 31.9: Possible complications of fatty liver

Such complications must be reckoned with in fatty liver if
(1.) the cause or any additional risk factors have not been
eliminated and continue to have an effect, (2.) the

586

underlying cause has not been identified despite all efforts
(� cryptogenic fatty liver) and thus no real starting point
for therapeutic measures is given, and (3.) the specific
cause of fatty liver, and the occurrence of NASH in par-
ticular, already has a tendency towards progression. • In
this case, there is evidence of liver cell necrosis and inflam-
matory infiltration, both of which are reversible. How-
ever, in some cases, particularly with simultaneous lipid
peroxidation, they can lead to a vicious circle with subse-
quent mesenchymal reactions. The outcome is increasing
fibrosis or development of cirrhosis.

3.10 Therapy

So far, no medicament has been found that can achieve a
normalization of the disturbed hepatocellular lipid metab-
olism or bring about the release of the fat stored in liver
cells.

� Fatty liver does not require any specific therapy.
Exclusion of the cause and elimination of additional risk
factors � in as far as these two basic therapeutic
requirements can be accomplished � usually result in
complete regression of steatosis. • Should these meas-
ures fail to bring about a regression within a period of
3�6 months, it can be assumed that either exclusion of
the cause and elimination of risk factors have not been
successful or the real underlying cause was not iden-
tified, so that no effective treatment measures were actu-
ally applied. • A lack of regression thus necessitates (1.)
renewed investigation of the cause and risk factors as
well as (2.) consistent implementation of the therapy
that results from this!

Strict alcohol abstinence is called for � even in those cases
where alcohol is not the cause of fatty liver. The same
applies to the exact adjustment of the blood-sugar levels in
diabetes mellitus or the uric acid values in gout. Hyper-
lipidaemia may likewise necessitate a specific drug ther-
apy depending on the respective type and course. • In
obesity due to overnutrition, it is absolutely imperative to
reduce weight (gradually!) by means of a low caloric diet,
based on the principles of the physiology of nutrition.
Proteins and water-soluble vitamins should be adminis-
tered at a higher daily dosage than is normally required.
The effect of dietary measures can be supported by orlis-
tat. Regression of a fatty liver may be achieved by weight
reduction. • Given a normal body weight, reducing the
intake of fat in the diet (below the level that is usually
needed) does not influence the regression of hepatic
steatosis. (12, 27)

Although the therapeutical principles described
above are generally accepted knowledge, pharmaco-
logical possibilities for facilitating the release of fat
from the liver cells by administering specific medica-
tion have been repeatedly sought in the past. This has
still not been achieved � but nevertheless remains a
visionary idea for the future.
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Adjuvant therapy: In view of the fact that it has hith-
erto proved impossible to restore a fatty liver by
means of medication, attention has focused on the
possibility of averting the pathomorphological forms
of damage described above (and thus the develop-
ment of a complicative progression) with the help of
medicaments as an adjuvant therapy.

Prevention of fibrosis is of particular importance. Three
substances have already proved their worth in the inhibi-
tion of fibrosis: essential phospholipids (EPL or PPC),
silymarin and UDCA. • The antifibrogenic effect of EPL
has been demonstrated repeatedly in experiments; it is
based upon the stimulation of collagenase. (s. fig. 40.3)
• The antifibrogenic efficacy of silymarin is attributed
to the proven inhibition and transformation of Ito cells
as well as the reduction in gene expression of ECM and
TGF-β. (s. tab. 40.13) • Recently, an antifibrogenic effect
of UDCA in alcoholic liver disease was also reported.

The occurrence of lipid peroxidation normally results in
inflammatory tissue reactions and progression of the
morphological process. Under experimental conditions,
elimination of the free radicals responsible for lipid per-
oxidation has proved useful in therapy. The administra-
tion of antioxidants may thus be advisable as adjuvant
therapy. The three most effective active agents are essen-
tial phospholipids (s. fig. 40.3), N-acetylcysteine and sily-
marin. In the case of silymarin, stimulation of super-
oxide dismutase, inhibition of lipoxygenase, reduction
in malonyl dialdehyde and decreased consumption of
glutathione have been demonstrated. (s. tab. 40.13)
Administration of vitamins C and E as antioxidants led
to the regression of fibrosis. (53) Likewise, probucol, an
agent with antioxidant properties, caused a significant
decrease in GPT and GOT.

The use of lipotropic substances has always been of spe-
cial interest. They show a particular affinity to fats and
have counteracted hepatic steatosis in animal experi-
ments. • In a 12-month course of therapy involving
patients with fatty liver, especially due to NASH, PPC
led to a significant and lasting improvement and even to
normalization of the increased transaminases and γGT
within 4 weeks. (64) • Choline is substantially involved in
the mobilization of triglycerides from the liver cell,
because it uses these neutral fats to form transportable
phospholipids. However, choline needs betaine for
demethylation. Thus betaine has an important function
in transmethylation processes of lipid metabolism.
Resynthesis of methionine likewise requires the assis-
tance of betaine. A dosage of 20 g/day (over 1 year) led
to a reduction of transaminases, liver steatosis and
inflammatory activity. (41) • Clofibrat proved ineffective
in patients with NASH. Gemfibrozil (600 mg/day),
which reduces the mobilization of free fatty acids from
the fat depots, brought about a decrease in transami-
nases. • By contrast, the use of rosiglitazone, a peroxi-
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some proliferator-activated receptor (PPAR), led to an
improvement in the histological findings. This could
imply that insulin resistance is significant in the patho-
genesis of NASH. (63) Atorvastatin (10 mg/day) was
effective in patients with hyperlipidaemia. Metformin
had only little efficacy.

The use of ursodeoxycholic acid is advisable in cases
involving a cholestatic course of NAFLD or NASH.
With a dosage of 13�15 mg/kg BW/day, it was possible
to achieve an improvement in the transaminase values
and the fat content of the liver. An increase in dosage
to 20�25 mg/kg BW/day might be advisable. (57)

A phlebotomy reduces transaminase levels and increases
iron parameters in patients with NASH. This is under-
standable, since intrahepatic iron storage correlates with
the severity of fibrosis.

Liver transplantation may be indicated in patients with
considerable cirrhosis-related complications. However,
NASH can also reoccur in the transplanted liver. (45, 63)
This observation points to a systemic disorder of the
lipid metabolism.

4 Faulty nutrition

A healthy liver is capable over a longer period of time of tolerat-
ing considerable changes in the pattern of food intake (irregular
meals) or with respect to the quantity and quality of the food
itself. • However, even a healthy liver reacts with functional
disturbances or morphological changes to long-term malnutri-
tion. During a state of hunger or a period of low protein intake,
for example, almost all toxic substances have more severe
effects, while the ability of the immune system to fight infec-
tions is likewise compromised. • General hyperalimentation
results in surplus calorie supply. The excess in carbohydrates
and fat usually goes together with simultaneous protein defi-
ciency. In this context, both the kind of fat or carbohydrate and
any imbalance between lipogenic and lipotropic substances are
extremely important.

� Animal experiments have shown that faulty nutrition, i. e. > 90%
fat, < 10% protein and < 2 mg choline per day, leads to pro-
nounced fatty liver and even fatty cirrhosis within a few weeks.
The same changes could be observed when the protein intake
remained more or less normal, while extremely little methionine
and choline was offered. • With a partial surplus of certain food-
stuffs, the special nature of the excessive nutritional components
is also of considerable importance. • The term partial malnutrition
may, for example, be associated with a pronounced protein defi-
ciency (and thus possibly inadequate production of lipoproteins)
or a lack of lipotropic substances (such as methionine, choline,
cystine, glycocollbetaine, pyridoxine, casein and various N- or S-
methylated substances). Protein deficiency has particularly severe
consequences when toxic substances are absorbed at the same time
or when the organism has to fight bacterial or parasitic infections. •
A diseased liver reacts to both a serious deficiency in and an exces-
sive supply of different nutrients (e.g. proteins, certain kinds of
amino acids, various lipids, trace elements) with unfavourable or
even complicative developments during the course of disease.

4.1 Malnutrition

Functional disturbances and morphological cell damage
of the liver can be observed after prolonged general
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malnutrition. They are fully reversible using nutritional
therapy. In anorexia nervosa, there may also be an
increase in transaminases or a pathological tendency
shown in liver function tests.

Lipofuscin: The presence of lipofuscin is without pathological rele-
vance and can be witnessed when medication is taken (e.g. phe-
nacetin, chlorpromazine) (s. p. 395) (s. fig. 21.3), with advancing age
and during prolonged malnutrition. The yellowish-brown pigment
granules, some 1 µ in size, are PAS-positive, orcein-negative and
acid-proof. They are produced from cell-own material and stored
in the centroacinar hepatocytes, i. e. between the nucleus and bile
canaliculi (so-called centroaxial pigment pathways).

Ceroid: The presence of ceroid is occasionally observed in both
malnutrition and in acute viral hepatitis. It is PAS-positive, orcein-
positive and, like lipofuscin, acid-proof. This orange-brown granu-
lar pigment is mainly stored centroacinarly. (s. p. 397) (s. fig. 21.6)

Brown atrophy: In malnutrition, the liver shows a decrease in cell
and nucleus size, glycogen depletion, pigment deposits, occasional
siderosis as well as proliferation of Kupffer cells. The liver as a
whole becomes smaller (by as much as two thirds of its normal
weight). Due to its pigment deposits, particularly siderin, the liver
takes on a brown colour. These changes have been subsumed
under the term brown atrophy (H. Popper, 1948).

4.2 Kwashiorkor

Kwashiorkor (meaning in the Ghanaian language “a dis-
ease which develops in a baby when it is replaced by a new
baby and is weaned from the breast onto starch paps”)
was first described by C. Williams in 1933. This disease is
caused by at diet which is extremely poor in protein, par-
ticularly animal protein, while at the same time the supply
of carbohydrates and fat calories is too high. Two new
hypotheses of aetiology have recently emerged suggesting
that the disease stems from (1.) the action of excess free
radicals (M.N.H. Golden et al., 1987) or (2.) the action of
dietary toxins, e. g. cyanogens, aflatoxins (R.G. Hendrickse,
1991; R.P. Kamalu, 1993). Generally, manifestation is attri-
butable to intercurrent intestinal infections. In both chil-
dren and adults, the symptoms include dermatosis, mus-
cle atrophy, oedema due to hypoalbuminaemia,
diarrhoea and growth retardation. The hair shows typical
depigmentation (red hair), at the same time becoming
straight, thin and soft. (s. p. 80) There is severe fatty liver
(predominantly in zone 1), often with enormous hepato-
megaly. Striking dark red skin patches appear, mainly in
the periumbilical and/or inguinal areas as well as in the
nuchal region. This skin discoloration as well as the red
hair gave the illness the name “red boy”. When animal
protein is supplied, particularly in the form of skimmed
milk, complete restitution can be achieved. • Kwashior-
kor as such does not result in liver fibrosis or cirrhosis.
However, lymphocytic infiltration of the portal fields and
progressive periportal/perilobular fibrosis (as well as pan-
creatic fibrosis and endocardial sclerosis) can often be
observed; there is also evidence of necrosis and collapse
areas as well as signs of cirrhosis. Such changes are attrib-
utable to the great susceptibility of kwashiorkor patients
to infections and toxic effects (e. g. aflatoxin). (30, 38)
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4.3 Tropical juvenile cirrhosis

This clinical picture is also caused by animal protein
deficiency. However, it was common practice in the
affected regions to use beaver oil as a laxative, and this
is known to be extremely toxic to the liver. Fatty liver,
hepatomegaly and jaundice were observed; ultimately,
cirrhosis of a more biliary type developed.

4.4 Infantile sclerosis

This disease has mainly been encountered in Jamaica.
Severe fatty liver with hepatomegaly developed together
with early ascites (but no jaundice) and an increasing
deterioration in liver synthesis performance. Death
occurs in liver coma. Morphologically, there was evi-
dence of fibrosis as well as veno-occlusive disease, fea-
tures which suggested a combination of protein-defi-
cient nutrition and phytotoxins.

4.5 Obesity

In 30�50% of cases of obesity, fatty liver is detected. A
statistical evaluation of available data (1996) revealed
that 15�17% of the German population displayed a
body mass index of > 30 (BMI � body weight [in kg] �
body size [in m2]). Another 40% are overweight, with a
BMI of 25�30. (4) Thus the German population occu-
pies a leading position in the world with regard to the
percentage of persons who are considerably overweight.
The degree of obesity correlates with the severity of
fatty liver. Adipose people suffering from android distri-
bution of fat (i. e. bulk of the fat in the abdominal area)
also develop more pronounced fatty liver. (19) Steatosis
is predominantly macrovesicular and localized in zone
3. The increased release of fatty acids is responsible for
diminished glucose utilization, whereby blood sugar
rises and insulin secretion is stimulated, with simultan-
eous insulin resistance. Apart from that, any excessive
carbohydrates are used for liponeogenesis. The outcome
is a metabolic disorder similar to diabetes with increasing
fatty changes in the liver; this condition is further aggra-
vated by an enhanced production of endogenous corti-
sol due to adiposity, with the result that a vicious circle
is established. (1, 2, 5, 10, 34, 51, 61, 77, 78)

Leptin, an anti-obesity hormone, can prevent “lipotoxi-
city” from damaging hepatocytes by limiting triglyceride
accumulation. A deficiency of leptin could be a risk
factor for NASH. (68) Hyperleptinaemia correlates with
the severity of fatty liver, but not with inflammation or
fibrosis. • Thioredoxin is a stress-inducible, thiol-con-
taining protein. It is elevated in NASH compared to
patients with simple fatty liver. There is a correlation
with increasing iron accumulation in the liver cells.
Therefore, the pathogenesis of NASH may be associated
with iron-related oxidative stress.
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4.5.1 Diabetes mellitus

In type II diabetes, fatty liver is detectable with a fre-
quency of 30�40%, principally due to adiposity and
insulin resistance. The course is generally more aggres-
sive with rapid progression to cirrhosis; mortality is also
higher. (39) In diabetics, fatty acid oxidation in the liver
cell remains undisturbed as far as coenzyme A acetate;
glucose deficiency then stops any further oxidation
within the citric-acid cycle. The additional energy
required has to be supplied through increased degrada-
tion of fatty acids in the fat depots (� lipolysis) or
reduced storage (� lipogenesis). This inevitably results
in hyperlipidaemia, fatty liver and ketosis. Often, so-
called glycogen vacuolization of the nuclei is found,
mainly in the vicinity of the portal fields. Ketoacidosis
increases lipolysis, causing steatosis to progress. • In a
type I diabetes, however, fatty liver is less common and
is indeed only to be expected in a ketotic metabolic situ-
ation, e.g. if the diabetes is not well-regulated. The
course is more favourable; the mortality rate is not influ-
enced. (2, 22, 34, 39, 64, 78) (s. fig. 31.1)

4.5.2 Hyperlipidaemia

Disorders of lipid metabolism, particularly type IV
(endogenous hypertriglyceridaemia), cause fatty liver to
develop. Hyperlipidaemia is present in ca. 50% of
patients with sonographically determined fatty liver. (2,
56) • Likewise, patients suffering from gout are very
often found to have fatty liver. Both these metabolic dis-
orders frequently appear in combination with obesity.

5 Reye’s syndrome
� This syndrome was described by W. R. Brain et al. in 1929.
(81) In 1963 it was differentiated as a clinical pathological entity
by R. D. K. Reye et al. and defined as a feverish disease of unclear
aetiology in infancy. Almost half the children died of cerebral
manifestations including brain oedema. (91)

5.1 Causes

Causes, which are generally linked to a genetic disposi-
tion, include viral infection (e.g. influenza viruses, vari-
cella) and the administration of salicylates (involved in
some 95% of cases). (90) • In the USA, as many as 2,900
cases were reported in 1973 alone, with more than 800
fatalities; a further 1,207 cases were reported between
1980 and 1997. (80) About 98% of these patients were
younger than 20 years of age. The frequency peak was
1978 to 1980; the disease appeared predominantly in
December to April, i. e. during the so-called influenza
peak. It only occurs rarely nowadays: from 1994 to 1997
only two cases were observed. (79, 80, 82, 85, 87, 90) (s. p. 271)

5.2 Clinical picture

The onset of the disease is an influenza-like, feverish
syndrome. Uncontrollable vomiting results in severe
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hypoglycaemia. Progressive CNS disturbances develop
along with convulsions, clouding of consciousness and
brain oedema. Laboratory values show a pronounced
increase in the transaminases, distinct hyperammoni-
aemia and moderate cholestasis (without jaundice).
Striking features are elevated serum levels of alanine,
glutamine and lysine. There are severe blood coagulation
disorders. • The tumour-necrosis factor is increased.
Hepatomegaly and microvesicular fatty changes in the
liver cells predominate. The hepatocytes are swollen and
depleted of glycogen. Cell necrosis is found at the
periphery of the lobules. The smooth endoplasmic reti-
culum and peroxisomes are clearly increased, while the
mitochondria are swollen and deformed; no signs of
inflammation are present. (s. fig. 31.8) Development of
chronic liver disease has not been observed as yet. The
mortality rate is 30�50%. (82, 83, 84, 86�89, 92)

Fig. 31.8: Reye’s syndrome (newborn): fine-droplet fatty changes
of hepatocytes as well as glycogen depletion; no signs of inflamma-
tion (PAS)

6 Acute fatty liver of pregnancy
� The first descriptions of acute fatty liver of pregnancy were
given by H. J. Stander et al. (1934) (109); H. L. Sheehan (1940) later
defined this disease as a separate syndrome. (107)

6.1 Clinical picture

This severe clinical picture occurs more often than has
previously been assumed; nowadays, however, the sur-
vival rate is higher. Incidence is about 1 in 13,000 births.
(97, 104, 105, 114) • The cause is still unknown. Up to now,
a correlation with high-dosage intravenous tetracycline
has been assumed. (98) An analogy to Reye’s syndrome
is also under discussion, as this clinical picture is con-
sidered to be part of the spectrum of pre-eclampsia. Pri-
migravidas and multigravidas are equally affected.
There is evidence of an already existing genetic enzyme
defect (3-hydroxyacyl-CoA dehydrogenase?). (102, 111)
Acute fatty liver of pregnancy occurs in the third trimes-
ter, particularly in the 34th�36th week. The disease
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begins in a state of complete well-being and a hitherto
uncomplicated pregnancy. It comprises nausea and
vomiting (often coffee-ground-like), polydipsia, right-
sided abdominal pain, headaches and jaundice. Pruritus
is rare. Sometimes, gastrointestinal bleeding, oedema
and ascites occur. Encephalopathy develops with neuro-
logical symptoms similar to eclampsia. Hypertension,
tachycardia, proteinuria and oliguria as well as signs of
acute pancreatitis are frequently observed. The whole
clinical picture of the disease is characterized by
multiple organ insufficiency with haemorrhagic diathe-
sis and fulminant hepatic failure. However, relatively
asymptomatic and moderate courses with jaundice have
also been witnessed.

Laboratory values show progressive hyperbilirubinaemia
up to about 15 mg/dl, an increase in alkaline phosphatase
(3 to 5 times above the normal range) and triglycerides as
well as a rise in the transaminases up to about 500 U/l.
Usually, γ-GT is normal. Uric acid, which is elevated in
most cases, is considered to be an early laboratory marker
of the disease. Severe hypoglycaemias are evident. A
striking feature is pronounced leucocytosis (> 50,000/µl),
with neutrophils predominating. The differential blood
count shows giant thrombocytes, target cells and nor-
moblasts. There is a tendency towards bleeding due to
thrombopenia as well as to a decrease in Quick’s value,
fibrinogen and AT III; disseminated intravascular coagu-
lopathy is usually present. (96, 99, 105, 106)

Computer tomography provides evidence of massive
fatty deposits in the liver. (88, 112) • Sonography, how-
ever, does not generally demonstrate such steatosis.
There is pronounced hepatomegaly. (94)

Liver biopsy may be required for diagnosis � unless
there are any contraindications. (s. tab. 7.4) In order to
detect the characteristic microvesicular (mainly
centroacinar) fatty changes, fixation without alcohol
and examination of the biopsy material in the form of
a frozen section are necessary. (108) The hepatocytes are
swollen and resemble so-called foam cells. The nucleus is
pyknotic. The mitochondria are deformed. (s. fig. 31.9)

Fig. 31.9: Microvesicular fatty changes of liver cells in acute fatty
liver of pregnancy (Sudan red)
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Additional complications were observed during the
course of disease, including pronounced cholestasis
(113), portal hypertension (95) and liver rupture (101).

6.2 Prognosis

The prognosis depends on early diagnosis and subse-
quent early (even premature) delivery. When a pregnant
woman in the third trimester suddenly suffers from
complaints and/or when the laboratory liver values are
pathological, acute fatty liver of pregnancy should be
suspected and other hepatobiliary diseases excluded as
soon as possible. • The previous mortality rates for
mother (ca. 90%) and child (ca. 70%) have been reduced
to 10�35% and 7�50%, respectively. The duration of
the disease up to the death of the mother was on average
11 days (3 days up to 6 weeks), and in cases of survival
from 2 to 8 weeks. (97, 104, 105, 106, 110) • After acute
fatty liver of pregnancy has been overcome, the liver
values normalize within a few days. There is no danger
of chronic liver damage. In subsequent pregnancies,
there is mostly no tendency to relapse, and there are no
contraindications against further pregnancies. (93, 114)
However, a certain risk remains, so that the women
affected should be given the relevant information. Usu-
ally, the patient prefers not to risk a further pregnancy.

6.3 Treatment

Immediate delivery (per section or vaginally) is the most
important treatment. Further therapy consists of inten-
sive medical care. (96, 106, 113) In individual cases, liver
transplantation may be indicated. (103)

7 Mauriac’s syndrome

This clinical picture was described by P. Mauriac in 1930.
Pathogenesis is attributed to pluriglandular dysregula-
tion. In combination with difficult-to-control infantile or
juvenile diabetes mellitus, secondary glycogenosis may
develop due to large deposits of glycogen and fat in the
hepatocytes, resulting in hepatomegaly. • In addition to
considerable fluctuations between hyperglycaemia and
hypoglycaemia, there is evidence of hypercholes-
terolaemia, hyperlipidaemia and acetonuria. The clinical
picture is characterized by repeated abdominal colic,
meteorism, venectasias of the abdominal wall, buffalo
obesity, moon face, retarded growth and osteoporosis.
Careful monitoring and stabilization of diabetes mellitus
are the most essential aspects of the treatment. (115)

8 Protein storage diseases

Numerous proteins are produced in the liver. Genetically
induced disorders of protein metabolism may cause pro-
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teins to be stored in the hepatocytes or even deposited
in the intestinal tract. Primary storage diseases in this
context include: (1.) α1-antitrypsin deficiency, (2.) amy-
loidosis, and (3.) α1-antichymotrypsin deficiency.

8.1 �1-antitrypsin deficiency
� The association between lung emphysema and α1-antitrypsin
(α1AT) deficiency was recognized by C. B. Laurell et al. in 1963.
The development of liver cirrhosis due to α1AT deficiency was
first observed in children by E. Freier et al. in 1968 and in adults
by N. O. Berg et al. in 1972.

This disease is biochemically more correctly termed α1-protease
inhibition deficiency since the protein acts against trypsin and
numerous serine proteases, in particular chymotrypsin and leuco-
cyte elastase. In the pulmonary alveoli, for example, elastase inhib-
its the breakdown of elastin. • Serum α1AT is a glycoprotein with
394 amino acids and 3 carbohydrate chains. It is generally synthe-
sized in the Golgi apparatus of the hepatocytes, although small
amounts are also formed in the gastrointestinal tract and in macro-
phages. Due to gene mutation, the transport of α1AT from the
endoplasmic reticulum (high-mannose type) to the Golgi appara-
tus is inhibited, so that the “secretion-competent complex” cannot
be produced (� α1AT deficiency). (125) Thus α1AT is not transfer-
red to the blood by way of exocytosis, but remains stored in the
endoplasmic reticulum in the form of globular deposits and is sub-
sequently broken down. • The α1AT gene is localized on chromo-
some 14 q 31�32 and possesses about 75 allelic variants, which
are named according to the Pi nomenclature (� protease inhibitor).
In homozygosity, normal allele PiM regulates the formation of the
normal phenotype PiMM, which is present in > 90% of the pop-
ulation. • Alpha1-antitrypsin deficiency is caused by an autosomal
recessive mutation of two alleles. • Homozygous defective alleles
are: PiZZ, PiSS, PiZnull, PiPP, PiWW, Pinull, PiMmalton. They
show plasma concentrations between 0% and 15% of the normal
α1-AT value. These homozygous combinations of defective alleles
are accompanied by a high risk of pulmonary emphysema, newborn
cholestasis, infantile hepatitis, cirrhosis and hepatocellular carci-
noma. • PiMS, PiMZ, PiSZ, PiFZ and PiMnull are deemed to be
heterozygous defective alleles. In Europe, the allele type PiMZ is
found in 3%, PiMS in 7%, and PiSZ as well as PiZZ in 1% of
the population. Plasma values range between 42% and 60% of the
normal α1AT value. Heterozygosity thus causes only moderate
and/or intermediary α1-AT deficiency, but is nevertheless con-
sidered to be a predisposing factor of liver disease. (117, 118, 120,
126�128, 132)

8.1.1 Clinical picture

The great variability of this clinical picture depends upon
allele type, age at initial manifestation and individual pro-
gression. • About 0.02�0.06% (1 : 1,500�3,500) of all
newborns are homozygous carriers of defective alleles. In
10�12% of these, conjugated hyperbilirubinaemia with
intrahepatic cholestasis and pruritus develops within the
first months of life. A lethal course is possible; in most
cases, the cholestasis present in the newborn disappears
by the age of six or seven years. Hepatosplenomegaly gen-
erally persists. In 10�15% of the patients, cirrhosis is
most likely to develop. Additional genetic or exogenous
factors are held responsible for manifestation and pro-
gression. An α1-antitrypsin deficiency of the PiZZ type
caused cirrhosis in 45�50% (as shown after autopsy) and
liver carcinoma in 25�30% of adults. In some 50% of
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homozygous patients, nothing more than an increase in
the transaminases was observed. Uninhibited neutro-
philic elastase results in a loss of elasticity in the lung, so
that emphysema and obstructive pulmonary disease
develop. However, a combined hepatopulmonary disease
is rarely witnessed. Extrahepatic manifestations include
pancreas fibrosis, panniculitis, glomerulonephritis and
arterial aneurysm. • Heterozygous α1-antitrypsin defi-
ciency does not cause any manifest hepatic or pulmonary
diseases as a rule, but it is considered to be a predisposing
factor. Heterozygotes of type PiZ have an increased risk
of HCC both in a non-cirrhotic liver and in the absence
of liver disease. Heterozygous carriers are in any case
overrepresented in patients suffering from cryptogenic or
viral chronic hepatitis and cirrhosis. A higher prevalence
of PiMZ was found in idiopathic haemochromatosis;
greater frequency was likewise observed in pregnancies
and twin births. There was a higher prevalence of PiZ in
polyarthritis rheumatica. (116, 120, 122, 124, 126, 127, 129,
134, 135)

8.1.2 Diagnosis and treatment

Evidence of conjugated jaundice in neonates as well as
frequent bronchopulmonary infections in infants arouse
suspicion of α1-antitrypsin deficiency. In later life, this
genetic cause needs to be ruled out in cases of cryptogenic
chronic hepatitis or cirrhosis. • Reduction in the α1-
globulin fraction in electrophoresis to < 2 rel.% is an im-
portant indicator of α1-antitrypsin deficiency, because
α1AT is the main component of α1-globulins (90%).
Diagnosis is confirmed by determination of α1AT in the
serum. Normal values range between 190�330 mg/dl or
80�147 IU/ml. The half-life is approx. 5 days. Values
< 20% of the normal level suggest a homozygous type,
while a 40�70% reduction below normal points to a
heterozygous type. Identification of the phenotype of
α1AT is possible. Alpha1-AT is normally also found in
tears, rhinal secretion, saliva, duodenal juice, bronchial
secretion, cerebrospinal fluid and breast milk. • Liver his-
tology points to cholestasis or changes in the biliary duct-
ules. PAS-positive, diastasis-resistent, 1�40 µm sized
globular deposits of α1AT in the hepatocytes are typical
features, mainly found in the periportal area (zone 1), but
only in homozygosity. (119, 120, 126, 133) (s. fig. 31.10)
Inflammatory and fibrotic reactions are detectable in the
vicinity, although α1AT is not considered to be a toxic
agent. Copper content in the liver is increased. In pro-
gressive fibrosis, there is generally a rise in P-III-P in the
serum. The prognosis for α1-antitrypsin cirrhosis is much
poorer than for other types of cirrhosis; the mean survival
rate is reported to be 2 years after a diagnosis has been
established. In 10�30% of cases, hepatic carcinoma can
be expected. (127, 131, 136)

Causal treatment is not yet possible, but gene therapy
may prove feasible, i. e. integration of a normal allele M
into the genome of the patient’s somatic cells. Substitu-
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tion with α1AT (e.g. infusion or aerosol inhalation of
α1AT) is less promising. An increase in α1AT synthesis
has been attempted by means of androgens and oestro-
gen antagonists (e. g. tamoxifen). • In progressive cirrho-
sis and imminent liver failure, liver transplantation is
indicated. (123, 127, 130) The five-year survival rate in
children was 83%. (121) Transplantation allows a pheno-
typical healing to take place.

Fig. 31.10: Serologically confirmed α1-antitrypsin deficiency type
PiZ in a juvenile patient (homozygosity). Globular α1-antitrypsin
deposits in the hepatocytes (�); PiZ immunohistochemistry with
PiZ antibody ATZ11

8.2 Amyloidosis

Amyloid is an insoluble protein-polysaccharide complex
consisting of fibrillary protein, AP component and gly-
cosaminoglycan; this AP protein is identical with the
regular serum amyloid P (� SAP). Amyloid is mainly
stored in the extracellular spaces. The substance shows a
strong affinity to iodine (R. Virchow, 1854: “amyloid” �
“starch-like”) and Congo red (H. Puchtler et al., 1962).
Under a polarizing microscope, amyloid shows a green
staining with double refraction. Electron microscopy
reveals a fibrillary structure with 7�10 µm fibres. Vari-
ous amyloid types can be distinguished, depending on
the different kinds of protein in the fibrils. Secondary
amyloidosis is the most common form. • Autosomal
dominant hereditary amyloidosis is transmitted by
means of structurally altered transthyretin (TTR).
Meanwhile, more than 60 mutations of TTR have been
detected. The gene responsible is located on chromo-
some 18; a gene test is already available. (138, 141)

AA amyloid appears in a generalized form and is mainly stored
perireticularly in the kidney, spleen and liver. This kind of amy-
loidosis occurs as (1.) a congenital form in cases of familial Medi-
terranean fever, (2.) an idiopathic (� primary) form without any
associated basic disease, and (3.) a reactive (� secondary) form in
chronic inflammations or tumours (e.g. Hodgkin’s disease) as well
as in drug abuse and AIDS.

AL amyloid (AIg) possesses fibrils composed of fragments from Ig
light chains of the kappa or lambda type. This amyloid is stored
pericollagenically both in a generalized and organ-localized form.
Deposits in organs, including the liver, may take the form of nod-
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ules (so-called amyloid tumour or paramyloid). AL amyloidosis
may be: (1.) idiopathic (� primary) without any associated basic
disease or (2.) reactive (� secondary) in cases of multiple myeloma,
Waldenström’s syndrome, Bence-Jones plasmocytoma and various
type B cell tumours.

Further differentiation distinguishes between AF amyloid (ATTR)
(amyloid types in familial amyloidosis), endocrine EA amyloid and
AS amyloid (occasionally detected in old age in its isolated form
in the heart as well as in the brain) and AB amyloid (Aβ2m) (often
observed in the osseous system during long-term dialysis).

8.2.1 Clinical picture and diagnosis

Clinically, pronounced hepatomegaly predominates;
later on, splenomegaly also develops in most cases. An
increase in alkaline phosphatase is observed at a rela-
tively early stage. Severe courses of intrahepatic chole-
stasis have been observed. (137, 144, 146, 147, 151, 154, 155)
In most cases, these involve obstructive cholestasis due
to deposits of fibrils between the sinusoidal wall and
hepatocytes, so that the canaliculi and the ductules are
compressed. Hepatic enzymes and liver function tests
are normal or deviate only slightly from normal values.
Jaundice, which appears only in the late phases, is indic-
ative of a poor prognosis. A decrease in cholinesterase is
considered to be a sign of increasing amyloid deposition
with subsequent compromising of de novo synthesis.
Factor X is often decreased. • In CT scanning, a reduced
contrast medium enhancement in the area of amyloid
storage may be detected. Scintigraphy by means of
99mTc-sulphocolloid shows markedly decreased uptake
in the spleen as compared to the liver, and also metasta-
sis-like storage defects. (156) • The tracers 123I-SAP or
99mTc-SAP show abnormal uptake into amyloid de-
posits. (143) In individual cases, involvement of other
organs (kidney (137, 140), heart, spleen (150, 152, 155),
intestines, CNS, carpal tunnel syndrome) suggests the
existence of amyloidosis. Often, there is reddish-brown
dyschromia. (141) • Rectum biopsy, when carried out
expertly, provides diagnostic accuracy in 80�85% of
cases. Aspiration biopsy from bone marrow or subcuta-
neous abdominal fat tissue only has an accuracy of
40�50%. (s. fig. 31.11)

Fig. 31.11: Liver amyloidosis: Perisinusoidal amyloidosis with
atrophic hepatocyte trabeculae (HE)
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Morphology: Amyloid is also stored in the small portal vein
branches of the liver. Depending on the guiding fibres used by
amyloid, it is possible to differentiate between perireticular and
pericollagenous amyloidosis. The vascular amyloid involvement
together with the solidity and fragility of the liver are the cause of
occasional excessive haemorrhagic tendency (142); this condition is
also given after liver biopsy. Therefore, percutaneous liver biopsy
must be considered as a contraindication. (s. tab. 7.4) If liver histol-
ogy is required, the sample should be obtained by laparoscopic
liver biopsy, so that targeted treatment measures can be applied
“with visual control” should complicative bleeding occur. (s. pp
157, 158) The biopsy specimen is pale pink. The liver surface
appears pale and wax-like with coarse reddish marbling. (s. fig.
31.11)

8.2.2 Prognosis and treatment

The prognosis for amyloidosis is poor. In AL amy-
loidosis, fewer than 20% of patients had a five-year sur-
vival rate. A course of 1�2 years is regarded as a mean
survival period. The outcome depends mainly upon
renal and cardiac amyloidosis; the prognosis regarding
the liver is determined by the development of portal
hypertension or acute liver failure. (139) Cytostatics are
recommended for the treatment of benign or malignant
B cell tumours in type AL amyloidosis, while melphalan
and prednisolone are used for concomitant amyloidosis.
However, therapeutic measures are generally limited.
The mobilization of amyloid deposits may be attempted
by administering dimethyl sulphoxide (1.5�10.0 g/day).
• In secondary amyloidosis, treatment of the underlying
disease is the main issue; individual cases have been
reported in which amyloidosis disappeared due to suc-
cessful therapy. • In hereditary amyloidosis, the indica-
tion for liver transplantation is given, since the liver is
indeed the main site of transthyretin synthesis. Mutant
transthyretin is no longer detectable in the serum after
transplantation. (145, 148, 153, 155) Regression of extra-
hepatic amyloid deposits has been reported following
transplantation.

8.3 �1-antichymotrypsin deficiency

In genetically (autosomal dominant) induced α1-anti-
chymotrypsin deficiency, this inhibitor of serine prote-
ases is not secreted in sufficient quantities from the
hepatocytes or alveolar macrophages. Therefore α1-
antichymotrypsin is stored in these cells. The deposits
can be detected as cellular inclusions by light micro-
scopy. Patients suffering from this condition may
develop chronic hepatitis and cirrhosis. (157�159)

9 Amino acid storage diseases

9.1 Hereditary tyrosinaemia
� This clinical picture was described for the first time by M. D.
Baber in 1956; it was identified as an enzyme deficiency by B.
Lindblad et al. in 1977.
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Tyrosinaemia type I is very rare (incidence 1 : 100,000 births). It is
caused by an autosomal recessive defect of fumarylacetoacetate
hydrolase (localized on chromosome 15 q 23�25), which impairs
tyrosine degradation. Tyrosine metabolites accumulate at the point
where the metabolic process is compromised. This results in either
an acute clinical course initiated immediately after birth and usu-
ally leading to a quick death or a chronic course in which patients
reach adult age. (160, 161, 163, 164)

Tyrosinaemia type II is caused by reduced activity of tyrosine
aminotransferase, resulting in a greater concentration of tyrosine
in the serum. This may develop into an independent congenital-
hereditary clinical picture or physiological hypertyrosinaemia,
which occurs in about 10% of newborns as a neonatal-transitory
event.

9.1.1 Clinical picture

The gene mutation inhibits hydrolytic cleavage of
fumarylacetoacetate into fumarate and acetoacetate.
Consequently, the toxic precursors maleylacetoacetate
and fumarylacetoacetate accumulate in the liver and
kidneys. They possess a reactive double bond and can
therefore react with macromolecules to assume the
properties of alkylating substances. In addition, intra-
cellular glutathione deficiency develops due to the stable
complex formation with glutathione, favouring lipid per-
oxidations. Enhanced formation of δ-aminolaevulinic
acid can also be observed during occasional attacks of
acute intermittent porphyria (G. Mitchel et al., 1990).

The acute course in newborns is characterized by vomit-
ing and diarrhoea as well as growth disturbances. Hepa-
tosplenomegaly, hypoalbuminaemia, hypercholesterin-
aemia and hypoglycaemia as well as oedema/ascites and
coagulopathy develop very rapidly. A striking feature is
the early and marked rise in the α1-foetoprotein value
in the serum. Excretion of succinylacetone (> 50 nmol/l)
and delta-aminolaevulinic acid in the urine is noticeably
increased. Methionine, phenylalanine and tyrosine are
clearly elevated in the serum. A slight rise in transamin-
ases and serum bilirubin occurs. Death is due to acute
liver failure. • There is histologic evidence of extensive
necrosis, fatty infiltration, cholestasis and regenerative
nodes in the liver. • Should the newborn survive the first
few months, the proximal renal tubule suffers complex
damage, resulting in the clinical picture of Fanconi’s syn-
drome: glucosuria, aminoaciduria, phosphaturia includ-
ing osteomalacia, and renal tubular acidosis with poly-
uria.

The chronic course is characterized by a milder form.
The general symptoms are less pronounced, and often
they do not appear before the patient reaches school age.
Hepatosplenomegaly is present. Laboratory findings
include hypoalbuminaemia, coagulopathy and markedly
elevated serum values of α1-foetoprotein, methionine,
tyrosine and phenylalanine. Activity of the fumaryl-
acetoacetate hydrolase in leucocytes, fibroblasts and
hepatocytes is increased. • The liver is granular and firm
with a yellowish colour. Histologically, the picture is
similar to that of galactosaemia (fatty changes, tubular
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transformation, cholestasis, periportal fibrosis, central
sclerosis). Within a few months, micronodular cirrhosis
is detectable with early multifocal liver cell carcinoma.
(160, 163, 166) • Fanconi’s syndrome (see above) also devel-
ops in the chronic course. Occasionally, there are symp-
toms of peripheral neuropathy.

9.1.2 Treatment

The prognosis is determined by the early onset of acute
liver failure in the newborn and, in the following
months or years, by the development of hepatocellular
carcinoma. (163, 167) • A liver transplantation is thus
recommended as from the second or third year of life.
(162) Dietary measures (avoidance of methionine, tyro-
sine and phenylalanine as nutritional components) have
not proved particularly successful. • Good therapeutic
results were achieved when 2-(2-nitro-4-trifluoromethyl-
benzoyl)-1-3-cyclohexanedione) (NTBC) was applied.
This substance is an inhibitor of 4-hydroxyphenylpyru-
vate dioxygenase, which prevents the accumulation of
succinylacetone. (165) Even the risk of HCC develop-
ment was reduced by this substance.

9.2 Disturbances of the urea cycle
Six enzymes are involved in the urea cycle: (1.) carbamoylphos-
phate synthetase (CPS), (2.) ornithine transcarbamylase (OTC),
(3.) argininosuccinate synthetase, (4.) argininosuccinate lyase, (5.)
arginase, and (6.) N-acetyl glutamate synthetase � as well as
enzymes involved in supply reactions. They may be compromised
by a genetic defect. Up to now, 6 congenital disorders of the urea
cycle are known. The cumulative frequency is estimated at
1 : 8,000. • The genetic disorder is autosomal recessive; only the
ornithine transcarbamylase disorder (� OTC deficiency) shows a
dominant chromosomal pattern of transmission (chromosome p
21.1). This is the most frequently detected intramitochondrial
defect to date (1 : 14,000). (172) • Following preliminary detoxifica-
tion of ammonia at the site of formation by reaction with gluta-
mate (whereby glutamine is formed), definitive detoxification takes
place in the urea cycle and by hepatic glutamine synthesis. • The
urea cycle has two other functions: (1.) de-novo synthesis of
arginine and (2.) regulation of the acid-base balance by consump-
tion of bicarbonate. (s. pp 57, 58) (s. figs. 3.12, 3.15)

The clinical symptomatology, which is almost the same
in all enzymatic disturbances of the urea cycle, is caused
by hyperammonaemia. An arginase defect results in
enhanced excretion of lysine, ornithine and cystine.
Neurological symptoms such as hyperreactivity and ath-
etosis followed by paresis and tetraplegia predominate.

In neonatal manifestation of OTC deficiency, lethargy,
vomiting, refusal to take food, hyperventilation and
hypothermia develop quickly. Death ensues in coma
within a few days. Manifestation in infants or adoles-
cents is based upon the residual activity of the defective
enzyme. This course is also characterized by vomiting
and lethargy. The clinical picture is aggravated by a pro-
tein-rich diet, whereas protein reduction improves the
clinical situation. Without treatment, death occurs in a
hepatic coma.
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Diagnosis is based upon hyperammonaemia, which is
detectable either spontaneously or after the oral intake
of proteins � or, most obviously, following intravenous
infusion of amino acids. The respective amino acids are
increased in the serum prior to the disturbed metabolic
reaction. Argininosuccinate is only detectable in the
urine. A striking feature in these patients is their thin,
brittle hair. With defective ornithine transcarbamylase,
there is an increase in orotic acid, uridine and uric acid
in the urine, while the respective citrulline concentration
is decreased. The determination of OTC activity in liver
tissue verifies the diagnosis and facilitates a genomic
analysis. (172) The allopurinol test can be applied for the
identification of heterozygosity (or the mild form of
OTC deficiency). The liver shows steatosis, portal
inflammation and portal fibrosis.

A defect in argininosuccinate synthetase coincides with
markedly elevated citrulline values in the blood. Neither
citrullinaemia nor a carbamylphosphate synthetase
defect cause liver damage. By contrast, an argininosuc-
cinase defect leads to microvesicular steatosis and mega-
mitochondria with dilatation of the ER.

Treatment involves a low-protein diet (0.5�0.7 g/kg
BW/day) with a sufficient supply of calories. Substitu-
tion of essential amino acids (in about the same quan-
tity) is required. • The administration of benzoate
(0.1�0.25 g/kg BW/day), arginine hydrochloride (1
mmol/kg BW/day) or sodium phenylacetate (0.3�0.5 g/
kg BW/day) (phenylbutyrate tends to be more effective)
facilitates nitrogen excretion via other metabolic path-
ways. (168�170) • With an enhanced excretion of orotate
or other metabolites of pyrimidine synthesis, the admin-
istration of allopurinol leads to an increase in the excre-
tion of nitrogen via metabolites from pyrimidine synthe-
sis. Ammonia and urea precursors are eliminated by
haemodialysis. In individual cases, liver transplantation
is indicated. (171)

9.3 Cystinosis

Autosomal recessive cystinosis is caused by an enzyme-
induced blockage of cystine degradation, particularly in
the RES lysosomes of the bone marrow, liver, spleen
and kidneys. Especially in the stellate cells of the spleen
and to a lesser extent of the hepatic lobule centres, hex-
agonal and rectangular cystine crystals are found, point-
ing at an early stage to cystinosis. There is evidence of
hepatosplenomegaly and microvesicular steatosis. The
clinical picture of the infantile type presents as a Fan-
coni syndrome. (s. pp 593, 597) The children affected die
in the first five years of life.

9.4 Homocystinuria

This rare disease has an autosomal recessive inheritance
pattern. It is based on a deficiency of cystathion-β syn-
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thase, so that homocystein and other metabolites (e. g.
methionine) accumulate and are eliminated in increased
quantities in the urine. There is evidence of disturbed
mental development and a marked tendency to throm-
bosis in the arterial system. Liver steatosis (mainly in
zone 1) and hepatomegaly with subsequent portal fibro-
sis can be seen.

10 Carbohydrate storage diseases

Carbohydrate storage diseases include: (1.) glyco-
genoses, (2.) galactosaemia, (3.) hereditary fructose
intolerance, and (4.) fructose-1,6-biphosphatase defi-
ciency.

10.1 Glycogenoses
Glycogenoses are congenital metabolic diseases with enzyme
defects in which glycogen cannot be broken down to glucose. This
results in normal or structurally changed glycogen being stored in
the organs in ever-increasing quantities. To date, ten types (types
I�X) have been defined. Types VIII�X are very rare and partly
present as subgroups of the other types. • The incidence of types
I�VII ranges between 1 : 20,000 and 1 : 40,000 births with geo-
graphic differences. A relative frequency was determined from
1,192 cases: type I (23%), type II (15%), type III (21%), type IV
(2.5%), type V (6%), type VI (30%) and type VII (2.5%). • Trans-
mission is autosomal recessive. With regard to the extent of the
enzymatic disturbance or the involvement of regulatory enzymes,
pronounced heterogeneity can be observed within the individual
types. • Liver disease only develops in types I, III, IV and VI.
Hepatomegaly is also found in type II and in the rare types IX and
X. • Differential diagnosis of glycogenoses and their subtypes is
not possible simply using liver histology. However, it can be
achieved by means of additional histochemistry, quantitative deter-
mination of glycogen and enzyme analysis. (174, 178, 186, 187)

Gierke’s disease (type I)

� Hepatorenal glycogenosis was described for the first time by S.
Van Creveld in 1928 and resolved in terms of pathological morph-
ology by E. O. E. von Gierke in 1929. This genetic defect (localized
on chromosome 17) causes the complete or partial absence of glu-
cose-6-phosphatase activity (subtype Ia). (179) • Enzymatic activity
is only detectable after the application of detergents. There is a
defect in the translocase of glucose-6-phosphatase at the endoplas-
mic reticulum membrane. This defect is also found in adults (sub-
type Ib). • Disturbance of this microsomal phosphate/pyrophos-
phate translocase may occur (subtype Ic). • Glucose-6-phosphatase
is necessary for the discharge of glucose from the liver when glu-
cose-1-phosphate is supplied by glycogenolysis. This results in an
accumulation of glucose-1-phosphate, which in turn stimulates the
neosynthesis of glycogen. However, glucose-1-phosphate is also
broken down by glycolysis, with an increased formation of lactate,
acetyl-coenzyme A and glycerol-3-phosphate. The last two are
basic products for the hepatic synthesis of fatty acids and triglycer-
ides.

The clinical picture is characterized by hepatomegaly
due to deposits of glycogen and triglycerides and by
marked kidney enlargement (no splenomegaly as occurs
in lipoidosis or cirrhosis). • Severe metabolic disorders
such as hypoglycaemia and hyperlipidaemia (triglycer-
ides, free fatty acids, cholesterol) as well as increased
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VLDL and LDL values are found, leading to the devel-
opment of skin and tendon xanthomas, lactate acidosis,
a slight increase in transaminases, a tendency towards
infection (due to leucopenia related to abnormal glu-
cose-6-phosphatase transport), weakened skeletal
muscles, bleeding tendency (due to abnormal platelet
function), hyperuricaemia (with possible manifestations
of gout, nephrocalcinosis, kidney stones) and osteopo-
rosis. Hyposomia with fat pads, particularly in the buc-
cal area, is often witnessed. Diagnosis is additionally
confirmed by a glucagon test (no or inadequate rise in
the blood sugar level) as well as fructose or galactose
tests and liver biopsy. (s. fig. 31.12) • The occurrence of
adenoma or HCC is associated with an increase in fatty
acid synthesis. Subtype I b is characterized above all
by susceptibility to infection with leucopenia. Recurrent
oral ulcers are often a cardinal symptom. The liver
shows evidence of enlarged, polygonal hepatocytes with
bright cytoplasm and centrally located small nuclei as a
result of glycogen storage. Occasionally, Mallory bodies
and glycogen vacuolation of the nuclei can be found.
The hepatocytes have a pronounced (phytocell-like) cel-
lular membrane. (175�177, 179�184)

Fig. 31.12: Gierke’s disease: phytocyte-like hepatocytes surrounded
by a delicate network of fibrosis

Treatment consists of prevention or elimination of hypoglycaemia.
In newborns and infants, this can be achieved by the continuous
application of formula diets, if required via nasogastric tube feed-
ing. The administration of allopurinol may also be advisable. A
starch diet (e.g. uncooked corn starch) is then used to ensure that
glucose is released and resorbed slowly in the intestinal tract. (173,
177) After puberty, the course of disease is usually less pro-
nounced. In the long term, especially in adenoma-related compli-
cations, liver transplantation may be indicated. (185)

Pompe’s disease (type II)

Generalized glycogenosis type II, also called Pompe’s disease (J. C.
Pompe, 1932), is caused by a deficiency of lysosomal acidic �1,4
glucosidase. This enzyme is responsible for the degradation of gly-
cogen and maltose within the lysosomes. Glycogen is accumulated
in all organs, particularly in the heart, but also in the liver. The
disease may occur in the newborn (death due to heart failure, often
within the first 12 months of life), but may also become manifest in
infants and adults. • Clinical symptoms include weakened skeletal
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muscles, hyperlipidaemia, increased values of the muscle enzymes
aldolase and CK, macroglossia as well as pronounced cardiomeg-
aly and moderate hepatomegaly. Mental development is not
impaired. The glucagon test is normal; hypoglycaemia does not
occur. Diagnosis is confirmed by the detection of reduced enzyme
activity in biopsy material obtained from the liver or muscle. Vacu-
oles can be demonstrated in the liver cells. • No specific treatment
is known. The genetical engineering of acid glucosidase (rhGAA)
could become a new form of therapy in future. In the later stages
of life, the prognosis quoad vitam is determined by heart failure,
pneumonia and respiratory insufficiency.

Cori’s disease (type III)

Hepatomuscular glycogenosis (G. B. Forbes, 1952; G. H. Hers, 1959) is
caused by a deficiency of amylo-1,6-glucosidase (debranching
enzyme). Consequently, degradation of the glycogenic branched
chains is impaired, yielding an abnormal residual molecule (limit
dextrinosis). Gluconeogenesis from lactate is possible. In Forbes
subtype, deposits of the markedly branched glycogen (with short
external chains) are observed in the heart, liver and musculature;
in Forbes-Hers subtype, they are found in the hepatocytes only.
Further subtypes (up to III F) have been described.

Clinical symptoms include hepatomegaly, increased
transaminases, hypoglycaemia (glucose may be released
from glycogen when the terminal glucose fragments split
off), hyperlipidaemia and moderate lactate acidosis. The
glucagon tolerance test is positive (� no increase in
blood sugar); the galactose test and the fructose test are
normal. Histologically, the liver shows numerous glyco-
gen vacuolizations of the nuclei (s. fig. 31.1), slight
steatosis and periportal fibrosis (also transition to cir-
rhosis). Adenomas frequently appear. • The treatment
consists of frequent small meals rich in carbohydrates
and proteins plus additional dietary corn starch prepa-
rations.

Andersen’s disease (type IV)

Liver-cirrhotic, reticulo-endothelial glycogenosis type IV (D. A.
Andersen, 1956) is a defect of the branching enzyme amylo-1,4-1,6-
transglucosidase. There is a disturbance in the formation of glyco-
gen side-chains, which results in the production of a low-branched
glycogen with long side-chains (amylopectinosis). This abnormal
structure causes low solubility, resulting in the deposition of the
malstructured glycogen in the hepatocytes at the periphery of the
lobule in the form of eosinophilic or colourless, granular, PAS-
positive substances. This abnormal glycogen has a cellulotoxic
effect. It is also deposited in the spleen, lymph nodes and RES.

Clinical symptoms include hepatosplenomegaly and
increased transaminases as well as an occasional rise in
cholestasis-indicating enzymes. Histologically, the liver
specimen shows a number of giant cells, cell necrosis
and cholestasis. The abnormal glycogen stored in the
hepatocytes can to a certain extent be removed by dia-
stasis digestion, and it takes on a violet stain when in
contact with iodine (in contrast to the usual reddish-
brown colour); PAS staining is positive. Diagnosis can
also be reached using rectal biopsy: macrophages with
globular inclusions containing amylopectin are found.
The further course is determined by portal hypertension
with the formation of ascites and a haemorrhagic ten-
dency. In addition, diminished reflexes, muscular atro-
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phy and motor dysfunctions as well as dilative cardio-
myopathy may be observed. The disease can also take a
protracted course, so that the patient even reaches ado-
lescence. • There is no specific course of treatment. Liver
transplantation is indicated, whereby a surprisingly pos-
itive effect on extrahepatic complications and growth
retardation can be expected. (185)

Hers’ disease (type VI)

Hepatic glycogenosis (type VI) (G. H. Hers, 1959) is due to hepatic
phosphorylase deficiency. Subtype VIa is caused by a lack of phos-
phorylase-B kinase, and it is transmitted by the x-chromosomal
recessive route. Subtype VIb shows a deficiency in glycogen phos-
phorylase, and its transmission is autosomal recessive. In the mus-
culature, the analogous enzyme is, however, intact. Nevertheless,
there is pronounced genetic and phenotypical heterogeneity.

The clinical picture shows moderate hepatomegaly. The
normal glycogen is stored in focal form at the periphery
of the lobules. There is a mixed pattern of small and
large hepatocytes, giving the picture of an irregular
mosaic. Hypoglycaemia occurs only during fasting. No
other biochemical deviations are observed. The progno-
sis is relatively good when dietary instructions are
adhered to. Mental functions are normal.

Type IX and type X

These benign glycogenoses are due to a defect in hepatic phospho-
rylase kinase or cAMP-dependent phosphorylase kinase. Glycogen
is deposited unevenly in the hepatocytes; there is evidence of hepa-
tomegaly with fine-droplet steatosis and occasional fibrosis.
Hyperlipidaemia and elevated GPT values are present. In the
course of time, the patient is able to catch up on physical growth,
and hepatomegaly recedes.

10.2 Galactosaemia
Hereditary galactose intolerance (A. v. Reuss, 1908; F. Göppert, 1917)
is caused by an autosomal recessive disorder in galactose metabo-
lism. • Type II is characterized by an enzyme defect in galactose-
1-phosphate uridyltransferase. (Type I, caused by a defect of galac-
tokinase, only affects the eyes and is therefore not discussed here.)
Transferase deficiency affects several organs, particularly the liver,
and results in severe damage. Galactonate and galactite develop as
toxic metabolites, which are deposited in the tissues; galactite is
also detectable in the urine. (188, 191)

The prevalence of the disease is about 1:35,000 to
1:70,000 births. With the help of neonate screening, the
defect can be discovered and treated at an early stage. •
The enzyme coding for transferase is on chromosome 9
p 13; there are various mutations and pronounced poly-
morphisms. Accordingly, several variants displaying dif-
ferent kinds of enzymatic activities have been described
in many different places (the Duarre, Rennes, Los Ange-
les and Chicago variants as well as the Caucasian and
Negroid variants). Usually, the defect can only be
detected by means of the galactose tolerance test. A
healthy person oxidizes 30�50% of orally administered
galactose to CO2 in 5 hours, whereas in transferase defi-
ciency, only 0�8% is oxidized. • Galactonate causes syn-
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thesis disorders of glycoproteins and glycolipids in the
liver cell by the consumption of UDP. Due to the accu-
mulation of galactose-1-phosphate, the consumption of
phosphate is increased with a subsequent decrease in
ATP and gluconeogenesis. • The deposits of galactose-
1-phosphate in the proximal renal tubular cells lead to
the development of Fanconi’s syndrome (glucosuria,
aminoaciduria, phosphaturia, acidosis) (s. pp 593, 594).

The clinical picture sets in immediately after birth, as
soon as milk (including breast milk) is given. The symp-
toms are vomiting, diarrhoea, no weight gain and galac-
tosuria. As early as the second week, pronounced hepa-
tomegaly (or hepatosplenomegaly) is observed, often
accompanied by jaundice and cholestasis. The findings
correspond to those in haemolysis. Transaminases are
elevated, liver functions are increasingly compromised,
and metabolic acidosis is generally in evidence. Cata-
racts develop. • The diagnosis is confirmed by galacto-
suria and a rise in galactose and galactose-1-phosphate
concentrations in the blood as well as reduced transfer-
ase activity in the erythrocytes. • Histologically, the liver
shows mixed-droplet fatty changes, cholestasis with duc-
tular proliferations, liver cell necrosis, collapse of reticu-
lar fibre structures as well as pseudoglandular and/or
tubular transformation processes of the liver cell plates
around the canaliculi. Within a period of 3�6 months,
micronodular cirrhosis develops, followed by ascites and
increasing liver insufficiency. (189, 190, 192)

Treatment is successful when the disease is recognized
early enough and when nutrition is free of galactose and
lactose, so that the prognosis is generally considered to
be favourable. Organ damage can be halted or indeed
prevented completely; occasionally, there is (partial)
recession. The UDP galactose required for cell metab-
olism is supplied from UDP glucose. (192)

10.3 Hereditary fructose intolerance
Hereditary fructose intolerance is caused by an autosomal reces-
sive hereditary defect of the enzyme fructose-1-phosphate aldolase.
Whenever fructose is supplied, severe hypoglycaemia and func-
tional disorders occur in the liver, kidneys and CNS. • The preva-
lence is estimated at 1:20,000 births. As with galactose intolerance,
the gene which codes aldolase B is also localized on chromosome
9. This enzyme defect causes fructose-1-phosphate to accumulate
in the liver and tissue. The cleavage of fructose-1,6-biphosphate is
only slightly compromised since the enzymes aldolase A and C are
available for this process. • The consumption of phosphate and
ATP in the tissue results in various functional disorders: (1.) inhibi-
tion of gluconeogenesis in the liver and kidneys, (2.) increase in
lactate in the serum with metabolic acidosis, (3.) decrease in pro-
tein synthesis in the liver, and (4.) functional disorders of the proxi-
mal tubular cells with development of Fanconi’s syndrome. (s. pp
593, 594) (193, 194, 196, 198)

The clinical picture is characterized by nausea, vomiting,
diarrhoea, abdominal pain, dizziness and hypoglyc-
aemia, not only following the intake of fructose (oral,
intravenous), but also after sorbitol infusions (sorbitol
is converted to fructose in the organism). Growth failure
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is observed in babies and infants. • During adolescence
and in adults, a chronic course may develop, charac-
terized by hepatomegaly, hypophosphataemia, hypo-
glycaemia, blood coagulation disorders and an increase
in transaminases as well as jaundice and moderate cho-
lestasis. Phosphaturia results in osteomalacia. Hyper-
magnesaemia is a striking feature. • Histological findings
include a fatty liver with liver cell necrosis and increas-
ing fibrosis; the liver cell plates show tubular trans-
formation. Giant cells are often found. At a later stage,
cirrhosis develops. (193, 195�197) • When the intake of
fructose (or sorbitol) is avoided, even patients with a
homozygous genotype are symptom-free. The diagnosis
is based upon the determination of liver aldolase B or
on the fructose tolerance test:

Method: Oral administration of 200 mg/kg BW fructose in a
20% solution over a period of 30 minutes. After establishing
the initial values, both glucose and phosphate are determined
every 10 minutes; after 1 hour, the intervals are extended to 30
minutes. The test findings are pathological when serum glucose
decreases to <40 mg/dl and phosphate to <1.5 mg/dl. Hypo-
glycaemia requires an immediate i.v. glucose infusion.

Treatment consists of completely avoiding fructose and
commercially available cane sugar as well as excluding
sorbitol from i.v. infusions. When this regime is strictly
adhered to, prognosis is good and life expectancy unaf-
fected.

10.4 Fructose-1,6-biphosphatase deficiency
Due to the autosomal recessively inherited reduction in fructose-
1,6-biphosphatase activity in the liver, the gluconeogenesis of lac-
tate, glycerine and glucogenic amino acids is inhibited. If fructose
or glycerine are supplied, phosphate and bicarbonate are con-
sumed in higher quantities and lactate production is increased.
This results in metabolic acidosis.

The clinical picture is much less pronounced than in
hereditary fructose intolerance (type aldolase B). When
fructose is supplied or when infections develop, the
affected children may suffer from metabolic disorders,
such as hypoglycaemia, nausea, vomiting, diarrhoea,
hyperventilation, convulsions, lactate acidosis and keto-
sis. The glucagon tolerance test is pathological (� no
increase in blood sugar). • Histology shows a fatty liver.
Diagnosis can be confirmed by measuring the fructose-
1,6-biphosphatase activity in the liver tissue.

Treatment consists of completely avoiding fructose and,
if necessary, in correcting metabolic acidosis, electro-
lytes and blood sugar values.

11 Lipid storage diseases
11.1 Wolman’s disease
Xanthomatosis, an autosomal recessive inherited disorder, was
described by A. Abramov, S. Schorr and M. Wolman in 1956. Proba-
bly, this rare clinical picture (about 40 cases have been reported to
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date) was already published by H. Dienst and H. Hamperl as early
as 1927. Some cases may indeed have been attributed erroneously
to Niemann-Pick disease. • Wolman’s disease is caused by a con-
siderable reduction or complete absence of intra-lysosomal lipase
activity. In acid pH, the lipase catalyzes the hydrolytic cleavage of
cholesterol esters and triglycerides in the lysosomes. This enzyme
defect results in an excessive storage of cholesterol esters and tri-
glycerides in the abdominal organs, skin and nervous system. The
mutant gene for isoenzyme A of acidic lysosomal lipase is located
on chromosome 10. In homozygotes, lipase activity in the liver is
reduced to less than 10% of the normal value, in heterozygotes to
around 50%. • The enzyme defect is responsible for (1.) storage of
cholesterol esters and triglycerides in the hepatocytes, Kupffer cells
and macrophages as well as in various other body cells, and (2.)
disturbance of cholesterol homoeostasis in the blood, since the
lysosomes release an insufficient quantity of free cholesterol into
the cytosol. For this reason, the regulation of cholesterol metab-
olism in the cytosol is considerably impaired: (1.) inadequate or
no inhibition of the synthesis of cholesterol and the LDL receptor,
and (2.) inadequate or no stimulation of cholesterol esterification
with saturated fatty acids.

The clinical picture, which is already manifested in early
infancy, comprises vomiting, diarrhoea, growth failure
and meteorism. Hepatosplenomegaly and anaemia
develop rapidly. Multiple xanthomas of the skin appear.
CT scanning shows enlarged adrenal glands (due to
xanthomatous redifferentiation), often with finely spot-
ted calcifications. Deposits of cholesterol esters, tri-
glycerides and, to a certain extent, phospholipids are
found in the spleen, liver, small intestine, lymph nodes,
lungs, skin and nervous system. The foam cells detect-
able in the bone marrow differ from Pick cells in that
they lack sphingomyelin. Transaminases are increased;
liver function is markedly compromised. Death usually
ensues within the first year of life. (199�201)

11.2 Cholesterol ester storage disease
Cholesterol ester storage disease (CESD) was first described by
D. S. Fredrickson in 1966. No more than 20 cases of this very
rare disease have been reported to date, with twice as many
girls being affected as boys. • Just like Wolman’s disease, it is
transmitted as an autosomal recessive mutation with the gene
localization on chromosome 10. Due to this defect, degradation
of cholesterol esters and triglycerides in the lysosomes is inhib-
ited. Therefore, these lipids are stored in the hepatocytes, Kupf-
fer cells and macrophages as well as in other somatic cells.
Although CESD displays the same biochemical and metabolic
disorders as Wolman’s disease, it is less severe. It does not
become evident until adulthood.

� It was possible for us to describe this clinical picture in
detail from our own observations of a 13-year-old girl. We
detected a very high content of cholesterol ester in the
biopsy sample and a deficiency of lysosomal �-naphthyl-
acetate esterase in the fibroblast culture. (205) (s. figs.
21.5; 31.13, 31.14)

Initially, the clinical picture is largely asymptomatic. The
average age of the patients reported to date was 6.5
years at the time of diagnosis. Striking features are
hepatomegaly and, occasionally, splenomegaly. (206)
The cholesterol ester content of the liver can be up to
10% of the liver wet weight, while the total lipid content
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Fig. 31.13: Cholesterol ester storage disease. Fine-droplet fatty
changes in the hepatocytes. Widely extensive small and larger lipid
vacuoles in the liver cells and foam cells of the portal field (Sudan
black) (s. fig. 21.5). Same patient as in fig. 31.14

Fig. 31.14: Light yellowish-red, smooth surface in fatty liver due
to cholesterol ester storage (13-year-old girl). Same patient as in
fig. 31.13

of the liver ranges between 22% and 28%. • Laboratory
findings show a slight increase in transaminases and bile
acids as well as reduced liver function. In most cases,
jaundice is observed. Markedly augmented concentra-
tions of cholesterol, triglycerides and LDH are charac-
teristic. (204) Foam cells can be found in the bone mar-
row. Diagnosis is confirmed by determination of
lysosomal acidic lipase in the leucocytes and skin fibro-
blasts. • Corresponding to the high lipid content, the
liver surface has an orange-yellowish colour, as does the
liver specimen. (205) The lipid drops found in the hepa-
tocytes and Kupffer cells are surrounded by a lysosomal
membrane; they replace the cytoplasm and nucleus. In
polarized light, the hepatocellular lipids show birefrin-
gence of the Maltese cross type. The hepatocytes con-
tain finely floccular, PAS-positive glycogen deposits. In
all, the prevalent picture is that of mixed-droplet fatty
changes. (205) In the further course, hepatic fibrosis or
micronodular cirrhosis develop. Both the course and
prognosis depend on whether cirrhosis develops and
what its concomitant complications are. (202, 203, 265)
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11.3 Cerebrotendinous xanthomatosis
This disease is caused by an autosomal recessive gene mutation
(localization on chromosome 2) and leads to an enzyme defect in
mitochondrial steroid-27 hydroxylase. The enzyme itself is respon-
sible for the breakdown of cholesterol side-chains in bile acid syn-
thesis. Such a defect results in the formation of cholestanol, a
reduction product of cholesterol. It is deposited in various organs,
particularly in the tendons and in the nervous system, because the
substance cannot be broken down adequately. Deposition takes
place conjointly with cholesterol. (209, 210)

The clinical picture is characterized by xanthomas, par-
ticularly on the tendons (especially the Achilles tendon).
Xanthomas consist of cholesterol and cholestanol. The
enzyme defect also results in disturbed vitamin D
metabolism. Osteoporosis is thus observed quite often,
with a tendency towards spontaneous fractures. (208)
Striking clinical features are cerebral functional disor-
ders (from deviant behaviour to severe dementia, motor
disturbances and convulsions) as well as peripheral
neurological symptoms caused by cholestanol deposits.
(211) High concentrations of apolipoprotein B and
cholestanol are found in the CSF. (213) • Treatment is
based on the administration of chenodeoxycholic acid
(750 mg/day). Effectiveness is improved if HMG-CoA
reductase inhibitors (e. g. pravastatin) are used concomi-
tantly. (207, 212)

11.4 Abetalipoproteinaemia
In this autosomal recessive disease, the disorder does not involve
the gene on chromosome 2, which is responsible for apoprotein
assembly, but the MTP gene (microsomal triglyceride transfer pro-
tein), which is localized on chromosome 4 q 22�24. In the endo-
plasmic reticulum, MTP transfers cholesterol esters, triglycerides
and phospholipids to the nascent apoprotein B. This process is
a prerequisite for the transport of the complete lipoproteins (e. g.
chylomicrons, VLDL) to the Golgi complex and their secretion
into the blood via subsequent exocytosis. In the case of MTP defi-
ciency, lipoprotein particles are not secreted, with the result that
any superfluous apoprotein B is broken down in the endoplasmic
reticulum. (214, 216, 219, 220)

Even in infants fed with high-fat milk, the clinical pic-
ture is characterized by malabsorption leading to fatty
stools and diarrhoea. This results in a deficiency of fat-
soluble vitamins with all the respective complications.
• Reduced elimination of lipids from the liver leads to
hepatomegaly with large-droplet fatty changes, possibly
causing the formation of fat cysts and larger fat pools.
(s. fig. 31.2) Splenomegaly often occurs due to fat stor-
age in the macrophages of the spleen as well as to portal
hypertension, which may be caused by an increased
resistance in the sinusoids in cases of fatty liver. (215,
217) Development of cirrhosis has also been reported. •
As far as laboratory findings are concerned, a marked
decrease in cholesterol (usually < 40 mg/dl) and trigly-
cerides (usually < 10 mg/dl) is relevant for the diagnosis;
VLDL (� pre-beta lipoproteins) are not found. The
haemogram shows deformed (e. g. crenated) erythro-
cytes due to their altered membrane lipids. (218) • Treat-
ment is based on the administration of triglycerides with
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medium-chain fatty acids (MTC diet) with strict avoid-
ance of other fats. Fat-soluble vitamins have to be sub-
stituted (if necessary, orally in high doses).

11.5 Hypoalphalipoproteinaemia
� In 1961 D. S. Fredrickson et al. described an autosomal reces-
sive disease called hypo- or analphalipoproteinaemia. This lipid
storage disease is also known as Tangier disease � named after
the small Tangier Island in Chesapeake Bay/Maryland � where
it was first observed in two siblings. The cause is probably a
genetic synthesis defect in the apoproteins of α1-lipoproteins.

The most important clinical feature is the storage of
cholesterol esters in the lymph nodes, tonsils, spleen and
liver. (221) The noticeably enlarged tonsils are of a dis-
tinctive yellowish or orange colour. There is evidence
of lymphadenopathy and hepatosplenomegaly as well as
polyneuropathy. PAS-positive foam cells or foamy Kupf-
fer cells are found in the bone marrow, lymph nodes and
liver. • Laboratory findings show an increase in triglycer-
ide and cholesterol values, α1-lipoprotein deficiency and
moderate jaundice; occasionally, thrombopenia and leu-
copenia are observed. • The prognosis is generally good.
Therefore, the disease is often diagnosed for the first
time in adulthood. (222, 223)

11.6 Debré’s syndrome
This metabolic disorder with simultaneous storage of fat and gly-
cogen in the liver was described by A. R. Debré et al. in 1934. Within
a few weeks of birth, infants suffer from considerable hepato-
megaly (without splenomegaly). There is evidence of hyperlipid-
aemia with hypercholesterolaemia, a tendency towards fasting
hypoglycaemia, and disturbed glucose mobilization following
exposure to insulin or adrenaline. • It should be noted, however,
that this form of glycolipidosis has still not been reliably classified.

12 Sphingolipid storage diseases

The biochemical group of sphingolipids comprises:
sphingomyelin, cerebroside, sulphatide, gangliosides,
ceramide trihexosides, etc. Depending on the substance
stored, differentiation is made between (1.) glucosyl cer-
amidoses (e. g. gangliosidoses, ceramide trihexosidosis,
cerebrosidoses, sulphatidosis), (2.) phosphoryl cer-
amidoses (e. g. sphingomyelinosis), and (3.) mucopoly-
saccharidoses.

12.1 Gaucher’s disease
� This form of glucosyl ceramidosis is the longest known lipid
storage disease. It was described by P. C. E. Gaucher as early as
1882 and recognized as a separate entity with systemic charac-
ter by F. Schlagenhaufer in 1907.

The condition is an autosomal recessive disease with reduced activ-
ity of the lysosomal β-glucocerebrosidase. (Instead of an enzyme
defect, the cause may be the absence of cofactor saposin C.) The
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relevant gene is localized on chromosome 1. There is considerable
genetic heterogeneity. While some gene mutations are responsible
for more frequent neurologic and severe courses, others have been
recognized, particularly in older patients, as causing a late onset
and more moderate course of disease. The gene mutations are
detectable with varying frequency in different ethnic groups. Due
to the enzyme defect, sphingolipids are only broken down to the
level of the glucocerebroside, whereby this glycolipid is subse-
quently stored. Prevalence is 1 : 30,000 � 1 : 50,000

Glucocerebroside is stored predominantly in the RES
cells, but also in the spleen, hepatocytes, bone marrow
and lymph nodes; rod-like tubules (20�40 nm) develop.
• The storage of glucocerebroside leads to the formation
of so-called Gaucher cells. These oval or polygonal cells
are characterized by their light, striated (“crumpled”)
cytoplasm and a swollen cell body with a decentralized
nucleus; occasionally, there are two or more hyperchro-
matic nuclei at the periphery. Apart from glucocerebro-
side, Gaucher cells also contain lysosomal acidic phos-
phatase. They are PAS-positive, 20�100 µm in size and
grouped together within the hepatic lobule; in some
areas, the cells fill the sinusoids and are likewise found
in the portal fields, where they originate from histio-
cytes.

Type I (chronic visceral type): This is the most common
course and may manifest at any time in life; most often,
however, it occurs between the ages of 20 and 40. The
patients are able to lead relatively normal lives. Clinical
features include pronounced hepatosplenomegaly, oste-
algia with spontaneous fractures, backache and pain in
the extremities, fever and haematopoetic disorders
(microcytic anaemia, leucopenia, thrombopenia with
haemorrhagic diathesis). The transaminases and the
liver function values are usually normal; alkaline phos-
phatase is increased. Portal hypertension and ascites
may occur due to obstruction or compression of the
sinusoidal pathway. (233) After a course of several years,
yellowish brown, patchy pigmentations (containing mel-
anin) appear in the face, particularly at the root of the
nose, and on the legs. Yellowish grey pingueculae may
be present around the eyes (nasal or bilateral). Diagno-
sis is confirmed by the detection of acidic phosphatase
in the cells and a reduced activity of glucocerebrosidase
in leucocyte suspensions or fibroblast cultures. Mean-
while, the various types of Gaucher’s disease can be
identified by PCR. There are no neurologic symptoms.
The cholesterol level is normal. (229, 231, 232, 235) • Prog-
nosis is determined by haematological complications, an
increased susceptibility to infections and a higher rate
of lymphoproliferative diseases. Transition to cirrhosis
has often been observed, as have bleeding oesophageal
varices. (224, 233, 237, 239, 241)

� We were able to observe a family with 6 children, 4 of
whom (3 boys and 1 girl) suffered from Gaucher’s disease.
I examined one of the children laparoscopically. All 4 chil-
dren showed pronounced hepatosplenomegaly with symp-
toms of abdominal organ displacement; splenectomy was
carried out in good time. (240) (s. fig. 31.15)
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Fig. 31.15: Gaucher’s disease. Gaucher cells (sphingolipid-storing
macrophages) within the liver parenchyma (arrow), shown here as
pale-blue cells with an internal structure similar to cigarette pa-
per (PAS)

For a successful course of treatment, β-glucocerebrosi-
dase gained from the placenta or recombinant imiglu-
cerase can be used as an intravenous infusion every
second week. (225�227, 230, 234, 236) • A novel form of
oral treatment with N-butyldeoxynojirimycin over a
period of up to 12 months produced good results. Fur-
ther trials with this substance, which inhibits the synthe-
sis of glucocerebrosides, are justified. Diarrhoea was a
frequent side effect (79%). (228) • Following liver trans-
plantation, there was a regression in glucosylceramide
deposition in the extrahepatic organs � the metabolic
defect was not corrected however. (244) Long-term fol-
low-up showed good results after bone-marrow trans-
plantation. (238)

Type II (acute infantile neurological type): Type II becomes mani-
fest within the first few months of life. Splenomegaly followed by
hepatomegaly can be observed at a very early stage. A striking
feature is the cerebral and neurological symptomatology. The
affected child usually dies within the first year of life due to
bronchopulmonary infection.

Type III (chronic juvenile neurological type): At the onset of the
disease, splenomegaly and, subsequently, hepatomegaly are
observed. Gaucher cells are found in the bone marrow at an early
stage. There are severe cerebral and neurological disorders.

12.2 Fabry’s disease
The enzymatic defect in glycoprotein and lipid metabolism in this
disease, which is based on X-chromosomal transmission, is most
likely to be �-galactosidase-A deficiency. Storage products consist
of sphingolipids, mainly GL-3. They are principally stored in the
kidneys, vascular walls and smooth musculature, but also in the
liver (stellate cells, portal macrophages, vascular endothelium).
These affected cells take on a yellowish-brown colour. The hepato-
cytes are finely vacuolated; the Kupffer cells and macrophages are
hypertrophic and contain cholesterol and lipofuscin. • The clinical
picture, which usually begins with swelling of and burning pains
in the limbs as well as skin changes and corneal opacity, was simul-
taneously described by J. Fabry and by W. Anderson in 1898. •
Treatment with recombinant agalsidase beta has proved successful.
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12.3 Gangliosidosis
Among other things, gangliosidosis may also affect the liver. The
deposition of gangliosides (particularly of the GM1 and GM2 type)
in the liver causes hepatomegaly to develop. In 1964 B. H. Landing

et al. described familial neurovisceral lipidosis as a disease in its own
right, although this entity had probably been observed by J. Caffey

as early as 1951. The type of metabolic disorder was defined by
J. S. O’Brien et al. in 1965. It is in fact an autosomal recessive GM1
gangliosidosis of the infantile generalized type I. The disease is
caused by β-galactosidase A, B and C deficiency, so that the cleav-
age of the terminal galactose of both the ganglioside GM1 and the
mucopolysaccharides is inhibited. These abnormal products are
then stored. Foam cells with PAS-positive substances develop,
which in turn involves the total RES and hence the stellate cells
and portal histiocytes as well. Progressive hepatomegaly is present.
Familial neurovisceral lipidosis causes the death of the child in the
first or second year of life. (Type II GM1 gangliosidosis is consid-
ered to be a juvenile type without visceral involvement.)

GM2 gangliosidosis is caused by a deficiency of hexosamidase A
and B. It was described for the first time by K. Sandhoff et al. as
Sandhoff’s disease in 1968. This biochemical variant (type II)
largely corresponds to Tay-Sachs disease, which is also autosomal
recessive. Renal globoside (ceramide trihexoside) is stored in the
visceral organs, particularly in the liver and spleen. Hepatomegaly
is present, occasionally with splenomegaly. The lysosomes within
the hepatocytes become considerably larger until they are as big
as the nucleus and show lamellar structures.

12.4 Niemann-Pick disease
� In 1914 A. Niemann described a type of storage disease which,
however, he did not recognize. In 1926 L. Pick differentiated
this clinical picture from Gaucher’s disease and called it “lipid
cellular splenomegaly”. The substance predominantly stored
was identified as sphingomyelin by E. Klenk in 1934. Thus, this
condition is a kind of phosphoryl ceramidosis.

The disease is based upon a deficiency of the lysosomal
enzyme sphingomyelinase, mainly in the RES cells. This
autosomal recessive enzyme defect results in sphingomy-
elin being stored in the liver (hepatocytes, Kupffer cells,
portal macrophages), spleen, bone marrow and lungs.
These pale storage cells, the so-called Pick cells (20�40
µm) display a mulberry-like, alveolate structure, and, in
addition to sphingomyelin, contain cholesterol and tri-
glycerides as well as pigment ceroid (s. fig. 21.6). The
cell inclusions are granular and double-refractory. Due
to vacuolation, the Pick cells look like foam cells. •
Meanwhile, five biochemical and clinical types have
been differentiated (types A�E); type A is equivalent to
the classical Niemann-Pick disease observed in infants.
To date, some 200 cases have been reported.

Type A is already present in infancy. The following
symptoms rapidly develop: anorexia, vomiting, weight
loss, growth retardation, hepatosplenomegaly, lymph-
adenopathy, profuse sweating, a brownish-yellow waxy
complexion and a pronounced cerebral and neurolog-
ical symptomatology (muscular hypotonia, areflexia,
deafness, loss of sight). In about 5 % of cases, cherry-
red spots with yellowish prominence can be found on
the fundus of the eye. Liver cell damage and cell necro-
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sis as well as cholestasis develop. The affected child dies
before reaching the age of 2 years. (244, 248)

Type B is often characterized by neonatal cholestasis,
which disappears in the later course of disease. The con-
dition becomes manifest in childhood and progresses
slowly. Hepatosplenomegaly develops, as does cirrhosis
with portal hypertension. (245) The lungs occasionally
display a miliary picture due to the interstitial storage
of sphingomyelin; chronic bronchitis is often observed.
No neurological or cerebral symptoms are in evidence.
The haemogram shows anaemia and thrombopenia. •
Treatment with allogeneic bone marrow transplantation
has been reported. (246)

Type C is characterized by a slow course with neurolog-
ical symptoms and gradual mental deterioration. A rare
event is the development of neonatal cholestasis (243) or
an HCC (242).

Type E is also known as the sea-blue histiocytes syn-
drome and is considered to be a special form of Nie-
mann-Pick disease found in adults. The stored, ceroid-
like, acid-proof and PAS-positive pigment shows a sea-
blue colour on Giemsa staining. Hepatosplenomegaly is
present; thrombopenia is likewise in evidence due to
bone marrow involvement. Cirrhosis may develop. The
prognosis is considered to be good. (243)

12.5 Mucopolysaccharidoses

These are congenital disturbances in the enzymatic
degradation of acidic mucopolysaccharides (MPS) by
the lysosomes. Four types of mucopolysaccharides (gly-
cosaminoglycam, dermatan sulfate, heparan sulfate,
chondroitin-6 sulfate) are stored, ultimately compromis-
ing all organs and tissues. In addition, ganglioside is
stored in the CNS. Depending on the respective disease,
varying distribution patterns can be found, with storage
forms occurring individually or in combination. To date,
ten individual forms have been identified; others, how-
ever, have remained unclassified. In all forms, there is
increased elimination of the above-mentioned MPS in
the urine. • Six out of a total of ten forms are accom-
panied by liver involvement (storage in the hepatocytes,
Kupffer cells and portal macrophages as well as vacuoli-
zation of the cytoplasm) and hepatomegaly. The liver is
firm and has a bluish-yellow or greyish-yellow colour.
The stored mucopolysaccharides are PAS-positive, but
not diastasis-resistant. During a longer course, fibrosis
develops and cirrhosis may occur.

Pfaundler-Hurler syndrome (type I-H): This syndrome is caused
by an α-L-iduronidase deficiency (M. v. Pfaundler, 1920; G. Hurler,
1920). It is autosomal recessive and panethnic, with an incidence
of approx. 1: 100,000 live births. A major cause of morbidity and
mortality is respiratory insufficiency together with cardiac com-
promise (valvular dysfunction).

Ullrich-Scheie’s syndrome (type V): This is also characterized by
an α-L-iduronidase deficiency, but it does not appear before school



Chapter 31

age (O. Ullrich et al., 1943; H. G. Scheie et al., 1962). Further symp-
toms are above-normal growth and head size, chronic otitis,
chronic rhinitis, hepatosplenomegaly, corneal clouding, ankylosis
and mental retardation.

� These forms overlap in symptomatology and cannot
be distinguished by enzyme or urinary assays. • A new
therapy for α-L-iduronidase deficiency using enzyme
replacement (� laronidase) as i.v. infusion has proved
safe and efficacious (J. Wraith et al., 2004).

Hunter’s syndrome (type II): Initially, this disease was erroneously
classified as type I-H. Its nosological independence and X-
chromosomal recessive transmission were recognized in 1964 (A.
Nja). The disease is based on a deficiency of L-iduron-sulphate
sulphatase and sulphoiduronate sulphatase. The syndrome may
appear in a moderate or severe form.

Sanfilippo’s syndrome (type III): This syndrome exhibits a similar
clinical picture as described above with at least two different
enzyme defects: heparan-sulphamidase deficiency (type A) and N-
acetyl-α-D-glucosamidase deficiency (type B) and possibly types
C or D as well (S. J. Sanfilippo et al., 1963).

Morquio’s syndrome (type IV): This syndrome is a result of a
galactosamine-6-sulphatase deficiency (type A) or a beta-galactos-
idase deficiency (type B) (L. Morquio, 1929; J. F. Brailsford, 1929).

Maroteaux-Lamy syndrome (type VI): This syndrome is due to an
arylsulphatase B deficiency. It appears in a severe or moderate
form (P. Maroteaux et al., 1965).

12.6 Mucolipidoses

Mucolipidoses are characterized by a combined meta-
bolic disorder of mucopolysaccharides, lipids, and glyco-
proteins. Lysosomal storage and foamy swollen Kupffer
cells with hepatomegaly may be seen. In some of the
numerous types, the underlying enzymatic defects have
not yet been detected. • Type II is also called Leroy syn-
drome (J.G. Leroy et al., 1967). Due to distinctive cyto-
plasmic inclusions in fibroblast cultures, this disorder is
also known as “inclusion cell disease” (J.G. Leroy et al.,
1971). Foamy altered stellate cells, macrophages and also
epithelioid foam cell granulomas are found.

Fucosidosis, being a so-called mucolipidosis, can be grouped
among the mucopolysaccharidoses. It is due to α-fucosidase defi-
ciency (localized on chromosome 1p 34). The storage products are
deposited in the form of granular or lamellar inclusions in the
lysosomes. This autosomal recessive disorder was first observed by
P. Durand et al. in 1967 and clarified by F. Van Hoof et al. in 1968.
Besides hepatomegaly, splenomegaly may also sometimes occur.

Mannosidosis, first observed by P.-A. Öckerman in 1967, is caused
by α-mannosidase deficiency. The gene defect (autosomal reces-
sive) is localized on chromosome 19p, 13, 2-q12. Hepatospleno-
megaly, steatosis and perisinusoidal fibrosis are in evidence. PAS-
positive vacuoles, consisting of lysosomally stored substances, are
found in the cytoplasm of the hepatocytes.

Mucosulphatidosis is caused by arylsulphatase deficiency (types A,
B and C). Metachromatic granules are found mostly in portal
macrophages and less frequently in hepatocytes or Kupffer cells.

Lafora’s disease (H. Unverricht et al., 1891) is regarded as an
autosomal recessive enzyme defect. A striking feature are the
severe CNS disorders. The myocardium, liver and musculature are
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also involved. The affected hepatocytes are similar to so-called
ground glass cells and mostly found at the periphery of the lobules.
The coarse granular and lamellar cytoplasmic inclusions are
PAS-positive glycoprotein-mucopolysaccharide particles, also
known as Lafora bodies (C. R. Lafora, 1911). Liver biopsy shows
signs of unspecific reactive hepatitis and fibrosis. Death occurs in
infancy.

13 Mucoviscidosis
Mucoviscidosis or cystic fibrosis (CF) is indeed one of the most
common autosomal recessive diseases. It is characterized by the
production of a viscous secretion in the excretory glands. Accord-
ingly, pancreatic cystic fibrosis can be observed in the pancreatic
area and cylindrical bronchiectases in the pulmonary area. The
inspissation of bile and mucus leads to obstruction of the bile
canaliculi and subsequently to cholestasis. The gene product is
characterized as cystic fibrosis transmembrane regulator (CFTR).
(252) The gene defect, which is located on chromosome 7, causes
a disorder of the intracellular transport of chloride ions (probably
also of chloride ion secretion) and thus triggers the occurrence of
CF. The incidence of mucoviscidosis is about 1 : 2,000�4,500.

In protracted disease, the liver becomes involved in
20�25% of cases. Rarely, a symptomatic hepatobiliary
disease, mostly in the form of fatty liver but also as focal
biliary cirrhosis, occurs in the first few weeks of life.
Proliferation of the ductuli and dilatation of the intra-
lobular bile ducts can be detected. As a result of this,
crumbly products are deposited and the lumina are
completely sealed off. These retained crumbly products
have not yet been differentiated more specifically; they
are, however, PAS-positive and mucin-negative and con-
sist mainly of precipitated protein. Hepatomegaly is due
to macrovesicular steatosis. Inflammatory changes in
the bile canaliculi and the small bile ducts with chole-
stasis and infiltration of the portal fields can be
observed. (250, 254) With progressive proliferation of the
ductules and liver fibrosis, there is a rise in γ-GT, AP
and 5’ NU. In the further course, a slight increase in
transaminases as a sign of hepatocellular damage is
detectable. A score can be used for the sonographic
diagnosis of liver involvement in CF. (258) Scintigraphy
may be applied for the quantification of impaired secre-
tion. (256) Liver function is assessed by means of ChE,
Quick’s value, GEC (s. p. 108) and ICG tests (s. p. 108).
Gene mutation can easily be confirmed by direct genetic
screening with allele-specific oligonucleotides. The
inflammatory and reactive-fibrosing processes may
ultimately result in necrotizing cholangitis and multilob-
ular biliary cirrhosis, possibly with bleeding oesopha-
geal varices; the frequency is reported to be 5�20%.
(250, 254, 255) • The only effective therapy is gene replace-
ment. (253, 259) Symptomatically, liver damage and cho-
lestasis can be reduced by UDCA. (249) It is also advis-
able to use essential phospholipids as long-term therapy.
(257) In severe cases, there may be an indication for liver
transplantation or indeed combined liver-lung trans-
plantation. (251)
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14 Zellweger’s syndrome
This cerebro-hepatorenal syndrome was described by P.
Bowen, C. S. Lee, H. Zellweger and R. Lindenberg in 1964
on the basis of observations originally made by Zell-
weger. (260) It is an autosomal recessive disease, with a
lack of peroxisomes due to a mutation of the mRNA
peroxisome-assembly factor 1. In this complex syn-
drome, there are various malformations with disturb-
ances in the amino-acid balance and β-oxidation of long
chain fatty acids as well as iron metabolism resulting from
a disorder of bile acid synthesis at the side chain. (261,
262) The blood shows hypersiderinaemia, and there are
increases of different intensity regarding alanine, lysine,
isoleucine, methionine, phenylalanine and serine. Signs
of substantial cholestatic liver damage, siderosis, portal
inflammation, fibrosis and the potential development of
cirrhosis are evident. (263�265) (s. p. 234)

15 Porphyrias

15.1 Definition

Porphyrias are metabolic disorders caused by heredi-
tary enzyme defects or acquired disorders of haem
synthesis. These result in the increased formation of
porphyrins and porphyrinogens and their precursors,
which are either stored in the tissue or excreted in the
urine or faeces. The term porphyria is derived from
the Greek “porphuros”, which means purple and
describes the purple-red crystalline porphyrins. •
Depending on the underlying enzyme defect or the
respective aetiopathogenesis, porphyrias become clin-
ically manifest with neurological, photocutaneous,
cerebral, cardiovascular, abdominal or hepatic symp-
tomatology.

15.2 Classification

� Primary porphyrias are caused by hereditary enzyme
defects in haem synthesis. They can be differentiated
clinically into acute and chronic porphyrias as well as
pathogenetically into hepatic and erythropoietic por-
phyrias. Secondary porphyrias are symptomatic por-
phyrias present in various diseases or caused by poison-
ing or chemical substances, particularly alcohol. •
Depending on the preferred manifestation site of the
enzyme defect, either in the hepatocytes or erythrocytes
(bone marrow), the porphyrias are subdivided into
hepatic, erythropoietic and hepatoerythropoietic forms.
However, this classification is not always strictly appli-
cable. • Based on the course of disease, acute and chronic
forms may be differentiated in primary hepatic porphyr-
ias. The acute form is characterized by a congenital reg-
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ulatory disturbance of porphyrin and haem synthesis
together with the induction of ALA synthase within the
hepatocyte. The acute forms are less frequent, but are
associated with a higher risk. Only acute hepatic por-
phyrias show convulsive gastrointestinal and neuropsy-
chiatric symptoms. Chronic hepatic porphyrias are due
to congenital or acquired enzyme defects; they are the
most frequent forms and always involve liver damage. •
Only the erythropoietic forms are accompanied by acute
phototoxic reactions. Skin changes are found in two
forms of hepatic porphyrias: variegate porphyria and
porphyria cutanea tarda. (s. tab. 31.10)

Primary porphyrias may arise from a hereditary defect in any of the
eight enzymes involved in haem synthesis: (1.) δ-aminolaevulinic
acid synthase (which causes a sideroblastic anaemia), (2.) porphobil-
inogen synthase, (3.) porphobilinogen deaminase, (4.) uroporphyri-
nogen III synthase, (5.) uroporphyrinogen decarboxylase, (6.)
coproporphyrinogen oxidase, (7.) protoporphyrinogen oxidase, and
(8.) ferrochelatase. • An important branching point in haem synthesis
is the transformation of porphobilinogen (by PBG deaminase) into
pre-uroporphyrinogen. The latter is transformed by uroporphyrino-
gen III synthase into uroporphyrinogen III; in the case of reduced
enzyme activity, uroporphyrinogen I is spontaneously formed and
subsequently eliminated in the urine. (309) (s. fig. 3.2)

� Secondary porphyrias are symptomatic and hepatic
porphyrias. (309) They are coproporphyrinurias with
simultaneously increased protoporphyrin concentra-
tions in blood plasma. For prophylactic, prognostic and
therapeutic reasons, it is important to differentiate
between primary (hereditary) porphyria and secondary
(symptomatic) coproporphyrinuria. • Only in copropor-
phyrinuria caused by lead intoxication and in tyrosin-
aemia can δ-aminolaevulinaciduria be found at the
same time. The alcohol-liver-porphyrinuria syndrome is
the most important form of secondary porphyrinuria.
In chronic alcohol abuse, secondary coproporphyrinuria
may develop into chronic hepatic porphyria. (281) •
Some 30% of patients suffering from chronic liver disease
develop pathological coproporphyrinuria during the fur-
ther course. (s. tab. 31.11)

15.3 Biochemistry
Glycine and succinyl coenzyme A are the initial substrates for porphy-
rin synthesis, from which δ-aminolaevulinic acid (ALA) is formed
with the help of ALA synthase. This is the first biosynthetic step and
takes place in the mitochondria. Porphobilinogen (PBG) develops
in the cellular cytosol due to the connection of 2 mol ALA. Uro-
porphyrinogen is then formed from 4 mol PBG; this is subsequently
decarboxylated, thus producing coproporphyrinogen. Further
decarboxylation takes place within the mitochondria, leading to the
production of protoporphyrin. Due to its lipophilic qualities, the lat-
ter is not filtered by the kidneys and is therefore subject to enterohep-
atic circulation. With the help of ferrochelatase, iron is stored and
haem is formed. • Haem is the final product of porphyrin synthesis,
which may take place in all cells. It is required as a prosthetic group
by enzymes or pigments (catalase, cytochrome, haemoglobin, myo-
globin, etc.). By way of feedback, haem regulates the limiting
enzyme ALA synthase and thus the whole porphyrin synthesis. The
activity of ALA synthase is increased by various drugs (s. tab. 31.13),
chemical agents and endogenous metabolic products. • Induction of
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Primary porphyrias International Enzyme defect Hereditary
abbreviations transmission

Erythropoietic porphyrias
1. Congenital erythropoietic porphyria CEP Uroporphyrinogen III synthase autosomal recessive

(Günther’s disease)
2. Erythropoietic protoporphyria EPP Ferrochelatase autosomal dominant

Hepatic porphyrias
1. Acute hepatic porphyrias

• Acute intermittent porphyria AIP Uroporphyrinogen I synthase autosomal dominant
• Variegate porphyria VP Protoporphyrinogen oxidase autosomal dominant
• Hereditary coproporphyria HCP Coproporphyrinogen oxidase autosomal dominant
• Doss porphyria DP Aminolaevulinic acid dehydratase autosomal recessive
• Porphobilinogen synthase defect PS Porphobilinogen synthase autosomal recessive

2. Chronic hepatic porphyrias
• Porphyria cutanea tarda PCT Uroporphyrinogen III decarboxylase autosomal dominant
• Hepatoerythropoietic porphyria HEP Uroporphyrinogen III decarboxylase autosomal recessive

Tab. 31.10: Primary (erythropoietic, hepatic, hepatoerythropoietic) porphyrias

ALA synthase can be suppressed by glucose. Due to the short half-
life of ALA synthase of 70�80 minutes, inhibition or induction of
this enzyme very quickly affects haem synthesis. Haem deficiency
due to an enzyme defect causes an increase in δ-aminolaevulinic
acid. Free haem is either integrated into various apoproteins or it
intervenes as a haem repressor with the nuclear gene chain, which
leads to the formation of specific mRNA for ALA synthase. • Syn-
thesis and consumption of haem are synchronized precisely. The
organism produces some 300 mg haem per day, with only 1% being
excreted unused in the urine or faeces. (271, 273, 300, 309) (s. p. 34)
(s. tab. 3.3)

Secondary coproporphyrinurias and protoporphyrinaemias

1. Poisoning
• Alcohol
• Heavy metals

� lead, arsenic, iron, gold
• Chemical agents

� benzenes, hydrocarbons, etc.
2. Liver diseases

• Acute and chronic hepatitis, alcohol-induced fatty liver,
cirrhosis, cholestasis, haemochromatosis

3. Blood diseases
• Haemolytic anaemia, sideroachrestic anaemia, aplastic

anaemia, pernicious anaemia, leukaemia, Hodgkin’s dis-
ease, etc.

4. Infectious diseases
5. Diabetes mellitus
6. Hereditary metabolic defects

• Benign recurrent cholestasis
• Dubin-Johnson syndrome
• Rotor’s syndrome
• Tyrosinaemia type I

7. Neoplastic diseases
8. Cardiac infarction
9. Pregnancy

10. Starvation
11. Iron metabolism disturbances
12. Medication (s. tab. 31.13)

Tab. 31.11: Secondary (symptomatic, acquired) disorders of por-
phyrin metabolism
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� The colourless porphyrinogens easily convert to
coloured red-fluorescent uroporphyrins at 366 nm
when there is a sufficient amount of oxygen. This
causes a red colour in the urine, which becomes
darker (burgundy red) when left in contact with air. •
The red-fluorescent specimen obtained by liver biopsy
in chronic hepatic porphyria is impressive. (s. pp 145,
158) (s. fig. 7.10)

15.4 Genetics
Primary porphyrias are genetically determined, whereby their
expression varies in intensity, i. e. there is either a reduction in or
instability of the enzyme affected by gene mutation. A total loss
of enzyme activity or a lack of enzyme protein is inconsistent with
the viability of the organism. Transmission is autosomal dominant
in five forms of porphyrias, but autosomal recessive in congenital
erythropoietic porphyria (CEP), hepatoerythropoietic porphyria
(HEP) and the so-called Doss porphyria. (s. tab. 31.10) • Any type
of porphyria may be caused by various gene mutations, which
results in pronounced genetic heterogeneity. Two different types
of porphyria may even become manifest within one family. The
penetrance of the relevant gene mutation is low, so that about 80%
of the persons involved are without clinical or laboratory findings.
The probability of the enzyme defect being passed on to a child is
about 50%. (274, 278, 284, 290, 308, 309)

� However, not only genetic factors figure prominently
in the manifestation of porphyria, but also endogenous
and exogenous causes such as alcohol (281), medica-
ments, stress situations, fasting, intoxication, metabolic
products, effects of light and chemical agents (e. g. poly-
halogenized biphenyls, dioxin). • In Turkey, about 4,000
people contracted hepatocutaneous porphyria after eat-
ing wheat contaminated with the fungicide hexachloro-
benzene. (s. p. 565)

15.5 Clinical aspects

In cases of suspected hepatic porphyria, instant orienta-
tion is gained by examining the urine for evidence of δ-
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aminolaevulinic acid (ALA) and porphobilinogen (PBG)
� using the Watson-Schwartz test (C. J. Watson et al., 1941)
or Hoesch test (K. Hoesch, 1947) � as well as for the pres-
ence of porphyrins. (Hoesch test: 2 ml Ehrlich’s reagent �
3 drops of urine � pinkish-red discoloration after shak-
ing, revealing positive evidence of porphobilinogen.) •
Further differentiation of porphyrins excreted in the urine
and faeces or present in plasma and erythrocytes as well
as of the distribution pattern of porphyrin metabolites is
necessary; for this purpuse, thin-layer chromatography,
ion-exchange chromatography and HPLC are available. •
Identification of asymptomatic gene carriers, which is of
particular importance for preventive measures, can be
achieved by determining the enzymes involved in porphy-
rin synthesis.

The symptomatology of porphyrias is of such com-
plexity and variability that there is always a danger
of misinterpretation. Wrongly indicated laparotomy
due to suspected acute abdomen entails a high risk.
The initiation of incorrect treatment measures may
also have grave consequences. Owing to the extremely
complex interdisciplinary symptomatology, an emer-
gency due to porphyria must be interpreted in terms
of surgery, internal medicine or neurology, and
depending on the results obtained, the patient is
referred to the corresponding department. • Por-
phyria can imitate numerous diseases.

15.6 Erythropoietic porphyrias
The enzymatic metabolic defect is mainly restricted to the erythro-
cytes or bone marrow. Two distinct clinical pictures can be dif-
ferentiated: congenital erythropoietic porphyria (CEP) and erythro-
poietic protoporphyria (EPP) (W. Kosenow et al., 1953; I. A. Magnus

et al., 1961). From a hepatological point of view, only EPP is
important. (s. tab. 31.12)

CEP EPP

Urine
Total porphyrins ��� N/v
Uroporphyrin �� N/v
Coproporphyrin � N/v
Porphobilinogen N N
ALA N N

Faeces
Total porphyrins �� �
Uroporphyrin � N/v
Coproporphyrin � v
Protoporphyrin � ��

Erythrocytes
Total porphyrins ��� ���
Uroporphyrinogen I ��� N/v
Coproporphyrin �� N/v
Protoporphyrin �� ���

Plasma
Total porphyrins �� �

Tab. 31.12: Constellation of findings in erythropoietic porphyrias
(v � variable, N � normal)
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15.6.1 Congenital erythropoietic porphyria (CEP)

This clinical picture is also termed Günther’s disease (H. Günther,
1911). About 200 cases have been described so far. An autosomal
recessive deficiency of uroporphyrinogen III synthase (chromo-
some 10q25) results in augmented accumulation of porphyrin iso-
mers of type I, which cannot be used biologically. In particular,
this causes an increase in uroporphyrin with the occurrence of flu-
orocytes (most of all erythrocytes, but occasionally also hepato-
cytes). A red discolouration of urine is already observed in infants.
Exposure to the sun leads to severe burns with the formation of
blisters (the content of which may fluoresce) and necroses. Pro-
nounced mutilations on the face and hands develop in the course
of time. The teeth are discoloured reddish-brown due to the depo-
sition of porphyrins in dentine. Haemolytic anaemia with spleno-
megaly may develop. • CEP causes neither neurologic disorders nor
(substantial) liver damage.

15.6.2 Erythropoietic protoporphyria (EPP)

An autosomal dominant ferrochelatase deficiency
causes enhanced accumulation of protoporphyrin
within the erythrocytes. The gene for ferrochelatase has
been detected on chromosome 18q21. EPP is considered
to be the third most frequent porphyria (1 : 100,000).
(315) Red-fluorescing erythrocytes form as a result of the
high porphyrin content. EPP becomes manifest already
in childhood, but the course of disease may be latent
for a long time. Exposure to the sun causes strong skin
reactions, such as painful erubescence, oedema and blis-
ters. After long-term insolation, permanent skin infiltra-
tions are observed. The prognosis is generally good. •
The liver is damaged considerably by increasing deposits
of porphyrins. Cholestasis as well as liver fibrosis and
cirrhosis may become manifest. Pigment gallstones can
occur. Acute liver failure with a fatal outcome has also
been reported. (272, 293, 307) • Treatment consists of the
administration of β-carotene and vitamin E in order to
capture the oxygen radicals which are present in greatly
increased numbers in the skin following exposure to
sunlight and thus to prevent the triggering of phototoxic
reactions. Administration of chenodeoxycholic acid,
cholestyramine and glucose (> 300 g/day) is likewise
recommended. Liver transplantation may be indicated.
(270, 274, 277, 278, 280, 291, 296, 298, 303, 304, 306, 309, 317,
319)

15.7 Hepatic porphyrias

Hepatic porphyrias show the following characteristics:
(1.) intermittent course, (2.) increased ALA synthase
activity, and (3.) acute attacks induced or manifesting
during the latency period due to numerous causes such
as alcohol (281), hunger, carbohydrate deficiency, hor-
mones, stress, intoxication, metabolic products and
medicaments. (s. tab. 31.13) • The diagnosis is based
upon the clinical symptomatology and the excretion
pattern of the porphyrins or their precursors in the urine
and faeces as well as their concentrations in the erythro-
cytes and plasma. (s. tab. 31.14)
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Alcohol Lofepramine
Allopurinol Medrogestone
Amiodarone Meprobamate
Barbexaclon Mesuximide
Barbiturates Methyldopa
Benegrid Metoclopramide
Carbamazepine Metronidazole
Carbromal Nalidixic acid
Chloramphenicol Nicethamide
Chlordiazepoxides Nifedipine
Chlormezanone Nitrofurantoin
Chloroquine Oral contraceptives
Chlorpropamide Oestrogens
Clonazepam Oxazepam
Clonidine Paramethadione
Cyclophosphamide Pentazocines
Danazol Pentetrazol
Dapsone Phenacetin
Diazepam Phenoxybenzamine
Dichloralphenazone Phensuximide
Diclofenac Phenylbutazone
Dimenhydrinate Phenytoin
Ergotamine preparations Piroxicam
Ethosuximide Primidone
Eucalyptus oil Progesterone
Fern extract Pyrazinamide
Flufenamic acid Pyrazolone derivatives
Frusemides Pyrimethamine
Gestagens Ranitidine
Glibenclamide Rifampicin
Gliquidone Spironolactone
Glutethimide Steroids
Griseofulvin Sulphonamides
Halothane Sulthiame
Hydralazine Theophyllines
Ibuprofen Tolbutamide
Imipramines Trimethadione
Ketoconazole Valproic acid
Lidocaine etc.

Tab. 31.13: Drugs which are able to trigger acute hepatic por-
phyria (AIP, VP, HCP) with differing degrees of risk (s. tab. 31.10)

AIP VP HCP PCT

Urine
Total porphyrins �� �� �� ���
Uroporphyrins �� � � ��
Coproporphyrins �� �� �� �
Porphobilinogen ����� ����� ����� N
β-ALA ����� ����� ����� N

Faeces
Coproporphyrin N/v � ��� N/v
Protoporphyrin � �� � N/v
Uroporphyrin N/v �/v N/v �

Plasma
Total porphyrins N/v N/v ���� ����

Tab. 31.14: Porphyrin and porphyrin precursor content in urine
and faeces for the differentiation of hepatic porphyrias (v � vari-
able, N � normal) (s. tab. 31.10)

� Patients suffering from hepatic porphyria receive a
porphyria pass as well as all important information refer-
ring to the disease; in particular, they must be well
informed about risk factors leading to manifestation
(e. g. avoidance of porphyria-inducing drugs [s. tab.
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31.13] and xenobiotics, alcohol abstinence). A diet rich
in carbohydrates is important as a preventive measure,
because this reduces ALA activity in the liver. • It is
essential to examine other family members in order to
recognize any potential genetic carriers or to identify a
relative afflicted by porphyria which is still in the latency
phase. Such persons are likewise informed about the dis-
ease, particularly with respect to potential manifestation
factors, and they also receive a porphyria pass.

Acute hepatic porphyrias

There are pathophysiological and clinical transitions
between all forms of acute hepatic porphyrias. Due to
the complex clinical symptomatology, including abdom-
inal, neurological and cardiovascular findings, misinter-
pretations are possible, and often the diagnosis is made
too late. Skin symptoms are observed when porphyrins
have accumulated in the tissue, causing reactive oxygen
intermediates to form following exposure to sunlight. In
all acute hepatic porphyrias, the excretion of δ-aminolae-
vulinic acid, porphobilinogen and porphyrins is increased
in the urine. However, no augmentation in the excretion
of PBG is observed in defective PBG synthase. Even
genetically identified acute hepatic porphyrias may
remain latent for a considerable period of time. Their
frequency is given at about 5:100,000, with remarkable
geographic variations. There are four (or five) different
forms of acute hepatic porphyria. (309, 312) (s. tab. 31.10)

15.7.1 Acute intermittent porphyria (AIP)

This disease, considered to be the second most frequent
form of porphyria, occurs 3�4 times more often in
women than in men. The peak rate is between the ages
of 20 and 40 years. This autosomal dominant form is
responsible for a deficiency in porphobilinogen deami-
nase (uroporphyrinogen I synthase). The genetic defect
of this enzyme is localized on chromosome 11q24. Sev-
eral genetic variants (> 4) exist. The frequency of gene
defects shows geographic variations. Manifestation of
AIP is also caused by numerous exogenous or endoge-
nous factors (see above). In women, the first clinical
manifestation is often associated with the premenstrual
phase. Some women suffer from cycle-related episodes
of the disease. The overall frequency of AIP is 5�10:
100,000. • There are five cardinal symptoms, which may
appear with widely differing intensity: (1.) cardiovascu-
lar findings such as tachycardia, hypertension and
changes in the ECG, (2.) intermittent and diffuse abdo-
minal pain, often localized in the lower abdomen, which
may take the form of colic, including vomiting and
ileus-like features, (3.) severe obstipation, largely unre-
sponsive to treatment (onset mostly during puberty),
(4.) peripheral neurological and muscular disorders,
which may result in pareses or paralyses, and (5.) neuro-
tic or psychotic behaviour (confusion, depression, anxi-
ety, hallucinations, delirium and coma). In cases of
hyponatraemia (insufficient ADH secretion), encepha-
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lopathy may become manifest (B. Dixon, 1997). If cardio-
vascular and psychiatric symptoms coincide, the picture
may be misinterpreted as a thyrotoxic crisis, particularly
because the serum values of T3 and T4 are increased in
approximately 20% of patients suffering from AIP. The
causes of the clinical symptoms are thought to be
abnormal biochemical stimuli, triggering dysregulations
in peripheral and autonomic innervation. However,
there are no skin changes in AIP, and there is no photo-
sensitivity. (268)

Occasionally, the liver is also involved: slight increases in
the transaminases and bilirubin, and possibly impaired
excretory functions as well. Initially the hepatocytes
reveal ultrastructural changes, and later slight steatosis
and siderosis. The liver bioptate shows no signs of red
fluorescence. In AIP, there is a high risk of cirrhosis and
liver cell carcinoma developing. (266, 269, 294) In some
patients suffering from such conditions, liver transplan-
tation has proved successful.

� Acute attacks often coincide with oliguria and hyponatraemia.
It is relatively simple to demonstrate the enhanced excretion of
porphobilinogen in the urine by means of the Watson-Schwartz
test or Hoesch test. Urinary excretion of ALA is increased. In
about 60% of cases, the urine takes on a burgundy-red colour as
a result of uro- and coproporphyrin when allowed to stand (due
to the action of light and O2). For evaluating prognosis and pre-
ventive measures, it is important to consider the different AIP dis-
ease phases: (1.) enzymatic defect, (2.) compensated latency period
with moderate excretion of porphyrins, (3.) decompensated latency
period with stronger excretion of porphyrins and discrete clinical
symptomatology, and (4.) resultant clinical period with acute por-
phyria syndrome. When PBG is discharged in small amounts dur-
ing remission, no acute episodes need to be feared as a rule. •
Misdiagnoses may include: acute abdomen, ileus, pancreatitis and
peritonitis (� beware of laparotomy!) as well as poliomyelitis, psy-
chosis, hysteria, hypertonic crisis, thyrotoxic crisis, heart attack,
etc. • A prognosis is difficult to make regarding an acute attack,
which may be life-threatening. An acute sporadic attack has to
be treated immediately. Morphological damage to nerves and also
demyelination can develop after a long period of paralysis
following an acute attack. The regression of these forms of damage
often takes many months. Residual defects may remain, mostly in
the hands and feet. If corresponding preventive measures are car-
ried out to curtail the factors triggering the disease, the prognosis
is quite favourable.

Treatment consists of i.v. glucose infusions (2 � 2,000
ml, 20% per day) plus administration of haem arginate
(3 mg/kg BW/day on four consecutive days and at vary-
ing sites of injection) (s. p. 846), possibly with simultan-
eous administration of metalloporphyrin (for the inhibi-
tion of haemoxygenase) (276, 301) as well as intensive
care measures and administration of cimetidine (292) or
iron. In cases with peripheral or CNS symptoms,
prednisolone (100 mg/day) may be administered in add-
ition. (267, 289, 295, 296, 312, 313, 318)

15.7.2 Variegate porphyria (VP)

Porphyria variegata is caused by protoporphyrinogen oxidase defi-
ciency. Transmission is autosomal dominant (chromosome 1 q 23).
The frequency is 1 : 100,000. • The clinical picture is characterized
by skin changes similar to PCT (men > women), abdominal pain
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and internal as well as neurological symptoms similar to AIP
(women > men). Therefore, VP is also called “mixed porphyria”.
Skin symptoms (increased photosensitivity, vulnerability, forma-
tion of blisters, pigmentation, hypertrichosis) are observed in 85%
of patients, beginning mostly between the ages of 20 and 30 years.
Constipation, vomiting and hypertension are even more common
in PV than in AIP. Growth is retarded. • Laboratory findings show
relatively high increases in total porphyrins, porphobilinogen and
ALA, particularly in acute attacks. Enhanced excretion of copro-
porphyrin in the urine and faeces is observed, even in the preclin-
ical period. The following are considered to be characteristic fea-
tures of VP: (1.) increased excretion of porphyrin-peptide (x-
porphyrin) in faeces and (2.) maximum absorption of porphyrins
in the plasma at 626 nm, while the maximum is 619 nm in all other
porphyrias. • The liver biopsy sample shows no red fluorescence.
No significant or even characteristic histological liver changes are
in evidence. • Factors triggering an acute attack correspond to
those found in AIP. The prognosis is quite good when these noxae
are avoided. (279, 297)

15.7.3 Hereditary coproporphyria (HC)

This is an autosomal dominant coproporphyrinogen oxidase defi-
ciency (chromosome 3 q 12). The frequency is 1 : 100,000. An
increase in porphyrins, coproporphyrin and porphobilinogen is
found in the urine. This form of acute hepatic porphyria is very
rare. Its clinical course is largely identical to that of AIP, whereby
acute gastrointestinal and neuropsychiatric symptoms predomi-
nate. However, they are less pronounced and cannot be detected
with the same frequency as in AIP and VP. Skin symptoms (in
about 30% of cases) include photosensitivity, pigmentation and
hypertrichosis. The liver displays red fluorescence due to the accu-
mulation of porphyrin (s. fig. 7.10), but no morphological damage.
Coexistence with PCT has been described. (282)

15.7.4 Doss porphyria (DP)

This rare, autosomal recessive form of porphyria is based on 5’-
aminolaevulinic acid dehydratase deficiency (chromosome 9q34).
A symptomatic disease only occurs in homozygotes or double het-
erozygotes. No more than seven cases have been described to date.
Urinary excretion of ALA and coproporphyrin is increased;
greater amounts of protoporphyrin accumulate in the erythrocytes.
Neuropathy develops, as in AIP. Repeated severe neurological cri-
ses may necessitate liver transplantation. Heterozygotes are con-
siderably endangered by lead, because lead inhibits ALA and thus
triggers the manifestation of porphyria (� plumboporphyria).

15.7.5 Porphobilinogen synthase defect

This rare form shows a very varied symptomatology. The disease
may become manifest during puberty with severe pain or it may
present later in life (beyond the 5th decade) with the clinical picture
of moderate polyneuritis. ALA as well as uroporphyrins and
coproporphyrins are augmented in the urine, whereas no abnor-
malities are evident in faeces or plasma.

Chronic hepatic porphyrias

Chronic hepatic porphyrias appear in two variants: (1.)
porphyria cutanea tarda and (2.) hepatoerythropoietic
porphyria. Chronic hepatic porphyria develops in about
10% of patients suffering from chronic liver disease. (s.
tabs. 31.10, 31.11)

15.7.6 Porphyria cutanea tarda (PCT)

This is the most common form of porphyria (prevalence
20�50 : 100,000). The primary enzyme defect is a uro-
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porphyrinogen III decarboxylase deficiency. The coded
gene for the enzyme defect is on chromosome 1q34.
PCT is characterized by pronounced genetic hetero-
geneity. • As far as its transmission is concerned, two
forms can be differentiated: (1.) familial form (type 2),
which is characterized by an autosomal dominant trans-
mission route with heterozygote enzyme deficiency
(about 50% enzyme activity) in all tissues (e. g. erythro-
cytes, liver, fibroblasts) � other family members are fre-
quently affected as well; (2.) acquired form (type 1),
which is also autosomal dominant, displays a uroporph-
yrinogen decarboxylase deficiency, but only in the liver
(normal enzymatic activity in erythrocytes). This “spo-
radic” type occurs about six times as often as the famil-
ial form. Probably, there is also a third form of PCT,
namely another familial form, in which, however, the
inheritance is not confirmed. The URO-D in the hepa-
tocytes is normal (100%) in these patients. The enzyme
defect seems to be limited to the liver. (284) It is (not yet)
possible to differentiate clinically between these forms.

� As is the case with all hepatic porphyrias except HEP, additional
realization factors such as (1.) alcohol, (2.) oestrogens, and (3.)
haemodialysis (together with a genetically induced enzyme defect)
are required for the clinical manifestation of PCT. Alcohol may
cause the manifestation of PCT due to the induction of MEOS
and an alcohol-related increase in iron in the liver. However, (4.)
pharmacons (particularly lipophilic medicaments) may also be
responsible for PCT, e. g. barbiturates, diazepam, hydantoin,
rifampicin, antipyrin, cyclophosphamide (299), hexachloroben-
zene. (s. p. 565) These substances also trigger induction of the cyto-
chrome P 450 system, but no regulatory disorder of haem synthe-
sis, so there is no compensatory increase in ALA synthase. A rise
in PBG and ALA is therefore not detectable in the urine; this
means that no neuropsychiatric symptoms appear in PCT. • Apart
from that, there are substances which act as provocation factors,
e. g. xenobiotics, steroids, lead, iron and mercury. Iron interferes
with porphyrin metabolism by inhibiting uroporphyrinogen de-
carboxylase and probably the subsequent ferrochelatase as well, so
that PCT becomes manifest. While these factors trigger an acute
life-threatening porphyric process in acute hepatic porphyrias, they
are generally well tolerated in PCT (e. g. all drugs), at least for a
short period of time. (285, 309)

While PCT was formerly observed with greater fre-
quency in men (peak rate between the third and fifth
decade), the ratio between the sexes nowadays is
assumed to be 1:1, with women occasionally being even
more prone to the disease. This situation is possibly
attributable to oestrogen intake (e. g. contraceptives)
and increased alcohol consumption among women.
Obviously, hepatic siderosis is a prerequisite for the
expression of the “sporadic” form. The frequency of
PCT is estimated to be 1% of the population in the age
groups 30�70 years.

Predisposition: The additional liver damage caused by
the accumulation of urocarboxyporphyrins (UCP) and
heptacarboxyporphyrins (HCP) in hepatic tissue is a
prerequisite for clinically manifest PCT. Several forms
of liver disease increase susceptibility to PCT, e. g. viral
hepatitis B, and more particularly type C (286, 287, 302,
309), fibrosis, siderosis, cirrhosis, alcohol-induced liver
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disease and liver cell carcinoma. Chronic liver disease is
found in 30�40% of patients with PCT. (285, 305)

The pathogenesis of PCT is thus caused by a combin-
ation of four factors:

1. Defective uroporphyrinogen decarboxylase
2. Realization and provocation factors
3. Accumulation of UCP and HCP in the liver
4. Liver disease

Clinical picture: The clinical picture is characterized by
skin lesions and liver damage. • The skin changes usually
begin between the ages of 40 and 70 years. Photosensi-
tivity is due to porphyrin deposits in the skin, where
their distribution pattern resembles that in the urine and
serum. The lesions are so typical that there are hardly
any misinterpretations. They are found at locations
exposed to light such as the dorsal surface of the hands
and fingers, face, neck, auricle and hairless areas of the
head. The following forms are evident: (1.) vesiculated
erosive blisters of 2 mm to 3 cm in size, which “migrate”
when subjected to pressure (� Nikolsky’s phenomenon),
(2.) bloody scabs after the blisters have ruptured, with a
poor tendency to heal, but only a slight inclination to
secondary bacterial infection, (3.) healed vesiculated
erosive blisters with atrophic scar formation and blotchy
hyper- or depigmentation as well as whitish epithelial
cysts, the size of a pinhead, filled with pearly bodies, (4.)
hypertrichosis and facial cyanosis as well as melanotic
hyperpigmentation, (5.) chronic actinic skin changes
(premature skin ageing, cutis rhomboidalis, elastosis),
and (6.) pseudosclerodermia on skin areas exposed to
sunlight. (s. figs. 4.13; 31.16)

Fig. 31.16: Skin changes (face, front part of the neck) in porphyria
cutanea tarda (s. fig. 4.13)
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Liver damage is clinically recognizable as hepatomegaly.
There is an increase in transaminases, GDH, γ-GT, serum
iron (increased saturation of transferrin) with secondary
polycythaemia, and occasionally alkaline phosphatase.
Reduced liver function is evident due to decreased cholin-
esterase. • Depending on the duration and progression of
PCT, changes in the liver surface range from a faded lobu-
lar pattern on a reddish-brown coloured liver to finely
granulated areas with fine whitish fibrosis on a diffuse
blue-grey surface colour (due to porphyrin deposits) and
brownish speckled areas as well as flat tuberous surfaces
with scar formation. (s. fig. 31.17)

Fig. 31.17: Chronic active hepatitis in porphyria cutanea tarda.
Dispersed light reflection, capsular fibrosis with pronounced net-
like fibrosis. Spider-like subcapsular neovascularization

Histology shows deposits of needle-like porphyrins and
large-droplet fatty changes in the hepatocytes, moderate
iron deposits in the hepatocytes and Kupffer cells as
well as signs of non-specific reactive hepatitis. (s. fig.
31.18)

Fig. 31.18: Chronic porphyria: uncharacteristic lobular hepatitis
histomorphologically correlating to increased liver enzyme levels
(HE)

In the bluish-grey areas, the porphyrin content is three
to four times higher than in the lighter liver sections. In
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UV examinations (366 nm), to which every liver bioptate
should be subjected, the red fluorescence has different
intensities, facilitating classification into PCT groups
A�D: types A and B (no clinical symptoms) show dot-
like fluorescence, type C (latent PCT) has mostly reticu-
lar fluorescence, and type D (manifest PCT) is charac-
terized by homogeneous red fluorescence. (s. fig. 7.10!)
(s. pp 145, 158) • In the further course, scar tissue or
micronodular cirrhosis develop. There is a greater risk
of hepatocellular carcinoma (15�25%) (due to concom-
itant HBV or HCV infection as well as haemochro-
matosis?). (305, 309�311)

Diagnosis of PCT is based upon skin changes with char-
acteristic anamnesis and detection of porphyrins in the
urine and faeces. (s. tab. 31.14) There is evidence of
increased uroporphyrins, particularly heptacarboxy-
porphyrin and coproporphyrin in the urine as well as
elevated uroporphyrin in the faeces and plasma. Dark
red discolouration of the urine resulting from enhanced
release of porphyrin (> 15 µmol/day) has frequently
been observed. Subclinical forms can be detected three
times more frequently using targeted diagnostics! • In
most cases, HLA-A3 and HLA-B7 (as in haemochro-
matosis) are present in the serum. Serum iron is elevated.
The undoubtedly important role of iron in the patho-
genesis of PCT has still not been clarified. Mutations of
the HFE gene in haemochromatosis (C 282 Y, H 63 D)
are also much more numerous in PCT. Probably, these
(and other?) mutations cause an enhanced resorption
of iron from the intestine. (284, 310) • There is a close
coincidence of PCT and HCV infection (mainly geno-
type I b). A considerable geographical variation in fre-
quency has been reported, from which an average of
HCV positivity in PCT patients of about 45% can be
determined. Interactions between the two diseases have
not been clarified as yet; however, it is striking that both
conditions generally show siderosis as well as being
influenced to a particularly unfavourable degree by
alcohol. (284, 287, 288, 302)

Sonography: Even at an early stage of porphyria, ring-
shaped foci with marginal hyperechoic ring and central
hypoechoic reflexes can be detected. (s. fig. 31.19)

Fig. 31.19: Chronic hepatic porphyria: Sonographically, multiple,
ring-shaped foci with marginal hyperechoic ring and central hypo-
echoic reflexes. (Completely reversible after alcohol abstinence)
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These foci result from porphyrin deposition and are
often only discovered by chance since there is no evi-
dence of a chronic porphyria. They can be mistaken for
tumours or metastases; neither the foci nor their neigh-
bouring parenchyma are hypervascularized. Following
abstinence of alcohol and avoidance of oestrogens, they
are completely reversible. • In a chronic porphyria, there
is frequently a uniform increase in density due to diffuse
porphyrin storage.

Treatment comprises avoidance of trigger factors (alco-
hol, oestrogens, sunlight, etc.) and application of sun-
blocks. • Venesection with its withdrawal of iron results
in inhibition of ALA synthetase, while uroporphyrino-
gen III decarboxylase activity is increased. This blood-
letting therapy is based on 500 ml per week, after 4�6
weeks at monthly intervals. As an alternative, plasma-
pheresis has also been applied. • Chloroquine (2 x 50 mg/
day) is administered every second day for 6�12 months;
it combines biochemically with porphyrins in the hepa-
tocytes, thus improving the elimination of porphyrins
from the liver. Venesection and chloroquine therapy
may be carried out jointly. • Alkalization of the renal
metabolism enhances the elimination of porphyrins via
the kidneys. (296)

15.8 Hepatoerythropoietic porphyria (HEP)

This is a very rare form of chronic hepatic porphyria.
As with PCT, the enzymatic defect is a deficiency of
uroporphyrinogen decarboxylase. However, the genetic
defect is homozygous. It may also be caused by exoge-
nous factors. HEP manifests in early childhood with
high photosensitivity, sclerodermia, hypertrichosis and
anaemia. • The liver shows red fluorescence. Histologi-
cally, siderosis and non-specific hepatitis are found.
Development of cirrhosis is possible. • No effective ther-
apy is known. (314, 316)

16 Wilson’s disease
� The first clinical and morphological description of the dis-
ease was published by S. A. K. Wilson in 1912. (394) This article
did not mention the previous reports by K. F. O. Westphal (1883)
and A. von Strümpell (1898); they distinguished between the
neuropsychiatric picture of the disease, assigning to it the rather
unfortunate term “pseudosclerosis”, derived from multiple scle-
rosis, which was already clearly defined at that time. • In 1921
H. C. Hall maintained that Wilson’s disease and pseudosclerosis
were actually one and the same thing and that it was even
hereditary; he coined the term “hepatolenticular degeneration”.
• The storage of copper in the liver and brain was postulated by
A. Rumpel in 1913 and confirmed by F. Haurowitz in 1930. The
brown-green colour of the corneal ring described by B. Kayser

(1902) (347) and B. Fleischer (1902) (337, 338) is due to copper
deposits, as was confirmed by W. Gerlach in 1934. J. N. Cumings

(1948) identified copper as the cause of disease. Hypercupriuria
was first described by B. M. Mantelbrote et al. (1948) and hypo-
cupraemia by A. G. Bearn et al. (1952). This abnormality in cop-
per metabolism was clarified by the detection of hypoceruloplas-
minaemia (I. H. Scheinberg et al., 1952). In 1960 A. G. Bearn

demonstrated the recessive autosomal transmission.
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The first therapeutic attempts to eliminate the increased
copper content of the tissue by way of chelating agents
go back to J.N. Cumings (1948) and D. Denny-Brown et al.
(1951). For this purpose, dimercaprol and ethylene-
diaminetetraacetic acid (EDTA) were used. Treatment
with potassium sulphide was recommended by M.M.
Wintrobe et al. in 1954. The final breakthrough came
with examinations carried out by J.M. Walshe (1956), who
recognized the copper-binding properties of β,β-dimeth-
ylcysteine (penicillamine). Another copper-chelating
substance, trientin-dihydrochloride, was introduced by
J.M. Walshe in 1969. (389) The therapeutic effectiveness
of zinc in patients suffering from Wilson’s disease had
been reported as early as 1961 (G. Schouwink), while the
therapeutic principle itself was described at a later date
by T.U. Hoogenraad et al. (1978). (343)

16.1 Definition

Wilson’s disease is a genetically determined, autoso-
mal recessive copper storage disease with a reduced
discharge of copper into the bile. Due to pathological
copper deposits in the liver and brain as well as vari-
ous other organs, sequelae develop above all in the
liver and CNS. The other affected organs are gen-
erally involved in the disease as late manifestation.
The chromosomal defect is still not fully clarified.

16.2 Frequency

The incidence rate is 1:100,000 inhabitants/year. The
prevalence of this disease in patients with manifestation
is estimated at 1:30,000 and in heterozygote symptom
carriers at 1:100 to 1:200 of the population, i. e. 5�30
patients/1 million inhabitants. • Wilson’s disease appears
in childhood, adolescence and early adulthood. Initial
occurrence before the 5th or after the 35th year of life is
considered to be an exception. However, mild courses
of disease have also been diagnosed beyond the age of
50. (321, 323) Most patients develop the first clinical
symptoms around the age of 15. Geographical or race-
related differences in frequency have not been reported.
However, a higher incidence is found in regions with
strong consanguinity (e. g. Sardinia, Israel).

16.3 Pathogenesis

The metabolic defect in Wilson’s disease is located in
the liver on chromosome 13 close to the esterase-D
locus (ATP 7B). (325, 346, 359) Apparently, this is a genet-
ically determined disturbance of hepatobiliary copper
discharge due to a defect in lysosomal copper-trans-
porting ATPase, which is localized in the trans-Golgi
network. As a result, apoceruloplasmin cannot be
loaded with copper, and is therefore degraded. The
reduced secretion of ceruloplasmin explains the low
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copper level in the serum. So far, more than 250 dif-
ferent mutations of Wilson’s gene have been described.
(327, 358) This disorder may be located (1.) in the area
of the sinusoidal membrane (transfer into the blood via
ceruloplasmin) or (2.) in the area of the canalicular
membrane (transfer into the bile via copper-binding
ATPase). About 80% of the copper absorbed enterally
is excreted via the bile, while in Wilson’s disease, the
biliary excretion is reduced to 10�20%. Neither reab-
sorption of copper excreted via the bile nor intestinal
copper resorption are increased. (332, 370, 385, 395)

In the first 3�4 months of life, the newborn usually shows findings
concerning copper metabolism which correspond to those found
in Wilson’s disease. It is therefore assumed that the conversion of
foetal copper metabolism to that normally found later on in life is
effected by a control gene. From birth onwards, 10�20 mg copper
are accumulated every year. It usually takes 6�15 years before
clinical symptoms become apparent as a result of the cumulative
copper deposition. • In siblings, there may be considerable differ-
ences regarding clinical and laboratory findings. It can therefore
be concluded that exogenous or endogenous factors modify the
genetically determined process or alter the gene expression within
the families involved. There is genetic heterogeneity.

Copper: The daily intake from food is 0.8�2.0 mg; it
is released into the portal vein via copper-transporting
ATPase. The transport of copper, which is toxic in its
free form, is effected by the binding to ceruloplasmin,
albumin and transcuprin. • Copper is bound to reduced
glutathione and metallothionein in the hepatocytes and
distributed to various organelles or incorporated into
enzymes. The biological effects of copper are manifold
and essential for some cellular functions. (s. p. 50) Cop-
per is toxic not only in its free form, but also in cases
of overload (e. g. cirrhosis in childhood due to the con-
sumption of water from copper pipes). Copper homoe-
ostasis is regulated via biliary excretion (normal value:
about 1.2�2.0 mg/day), so that the normal value in
serum is 75�130 µg/dl. (321, 323, 370, 383, 386) (s. p. 102)

Ceruloplasmin binds eight copper atoms per molecule
and is of an intense blue colour. The coding gene is
localized on chromosome 3. (396) Ceruloplasmin is the
most important transport protein for copper in circulat-
ing blood (about 75�95% binding capacity). Another
important function of this protein is the catalysis of oxi-
dative metabolic reactions; it also possesses antioxida-
tive features for the elimination of reactive oxygen inter-
mediates. (s. tab. 3.25) The normal value in serum is
20�35 mg/dl.

The reduction in the serum value of ceruloplasmin led to the
assumption that a primary synthesis disturbance was of particular
pathogenic importance. There are several observations which con-
tradict this hypothesis, suggesting that the disturbance in cerulo-
plasmin synthesis is probably a secondary consequence of the
underlying metabolic defect. The introduction of copper into ceru-
loplasmin is possibly inhibited as a result of a dysfunctional apo-
protein of ceruloplasmin.

Transcuprin is another transport protein for copper in
circulating blood (about 7% binding capacity). • Apart
from being bound to glutathione and metallothionein,
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copper may also be bound intracellularly to another pro-
tein that has only recently been detected.

16.4 Pathophysiology
The toxicity of copper is due to (1.) its binding to SH groups of
cysteine, which is converted into an irreversible form by oxidation,
and (2.) the fact that it is responsible for the formation of reactive
oxygen intermediates (e.g. hydroxyl radicals), resulting in lipid per-
oxidation, which, in turn, is responsible for functional and struc-
tural disturbances of biomembranes. (342) In addition, a reduction
in vitamin E likewise encourages the occurrence of lipid peroxid-
ations. • Initially, copper is diffusely distributed in the cytosol and
then stored in the hepatocellular lysosomes. At this point, it can
also be demonstrated histochemically. Rapid transfer from the
cytosol to the lysosomes may lead to increased lipid peroxidation
with cell necrosis. (370, 383) • Abrupt discharge of copper from the
lysosomes into the bloodstream results in intravasal haemolysis and
widespread liver cell necroses with fulminant hepatitis.

16.5 Morphological changes

16.5.1 Hepatic manifestation

Electron-microscopically, the mitochondria � an essen-
tial target of toxic copper � show swelling and altered
morphology, separation of external and internal mem-
branes, greater density of the matrix, and granular or
vacuolic inclusions. The peroxisomes are characterized
by their increase in size and altered form as well as a
granular matrix. Secretion of lipids is reduced. These
structural changes result in discernible steatosis of the
hepatocytes. • The lysosomes grow in number and size;
finally, they decay and release lysosomal enzymes. (350)
Apart from that, structural changes in the endoplasmic
reticulum and cytoskeleton can be observed (� stage I).

Histologically, fine-droplet, ultimately also large-drop-
let, fatty changes of the hepatocytes in the peripheral
lobules and the occasional formation of Mallory bodies
can be found. There are no signs of fat cysts. Steatosis
subsides with increasing duration of disease. The lyso-
somes, meanwhile overloaded with copper, are depos-
ited mainly at the bile pole of the hepatocytes and
resemble lipofuscin-like pigment bodies. Degenerative
changes in the hepatocytes, hypertrophy of Kupffer cells
and an accumulation of glycogen in the nuclei with for-
mation of glycogen vacuolations can be observed. (s. fig.
31.1) • Rapid intracellular redistribution of copper
causes extensive cell necrosis. In this intermediate stage
(� stage II), inflammatory reactions (very probably of
an autoimmune nature) and proliferations of the bile
ducts are evident. The histological picture � as well as
the laparoscopic image of the liver surface � may at
this point correspond to that of chronic hepatitis. (s. fig.
31.20) The late stage shows increased fibrogenesis with
variable fibre contents, and micronodular cirrhosis
develops (� stage III). (s. figs. 31.21, 31.22)
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Fig. 31.20: Chronic hepatitis in Wilson’s disease. Pronounced “sim-
ian cleft” with barely recognizable hepar succenturatum (s. p. 15)

Fig. 31.21: Explanted liver with micronodular cirrhosis in Wilson’s
disease (18-year-old woman presenting with acute liver failure) (Si-
rius)

Fig. 31.22: Cirrhosis in Wilson’s disease. Numerous copper de-
posits in periportal liver epithelia (Rhodanine)

The distribution of copper in the liver is concentrated
in the peripheral lobules, but its pattern is nevertheless
irregular (even in advanced stages): there may be areas
with very high copper concentrations adjacent to
regions which are almost copper-free; this can give rise
to false-negative findings during histochemical exami-
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nation of the liver bioptate. The detection of copper is
possible by means of (unreliable) rhodanine staining,
while the copper bound to metallothionein in the lyso-
somes is demonstrable by orcein staining (likewise not
reliable). The copper content of the liver (normal 15�55
µg/g dry weight) may indeed rise to 3,000 µg/g. If
untreated, Wilson’s disease shows rapid progression,
also in the liver. (339, 349, 355, 378, 382) With an effective
therapeutic reversal of copper deposition, the copper
balance can be restored. The patient returns to an
asymptomatic course of Wilson’s disease. However, the
organ damage that has hitherto occurred is irreversible
(� stage IV).

The morphological spectrum may therefore range from
steatosis, acute hepatitis, fulminant course, chronic
hepatitis, aggressive episodes in chronic hepatitis and
liver fibrosis through to micronodular cirrhosis. Com-
plete cirrhosis can already exist in children aged 4�5
years. • The development of hepatocellular carcinoma is
extremely rare (360); it is assumed that copper has a pro-
tective effect against malignant transformation. (391, 393)

16.5.2 Extrahepatic manifestations

After complete saturation of the copper-binding cap-
acity of the liver, the copper absorbed from food can no
longer be taken up by the liver. This means that copper
is stored in the brain, skeletal system, heart, cornea and
kidneys � as is also the case when copper stored in the
hepatocytes is released into the circulation on a large
scale due to extensive liver cell necrosis. (339)

CNS: Copper deposits affect the whole CNS. Degener-
ation and tissue loss as well as atrophy of the lenticular
nucleus prevail. Occasionally, there are also small
necrotic foci with a diffuse spot-like distribution. Micro-
cavernous lesions occur due to the destruction of nerve
cells. Myelinized fibres and oligodendrocytes are pre-
sent, but there is also cellular hyperplasia and hypertro-
phy of astrocytes rich in protoplasm. The cerebral
changes detectable in CT scanning do not correlate with
the degree of severity of the functional disturbances (320,
335); however, there is a close correlation between the
lesions detected by MRI and certain neurological find-
ings. (350, 366, 376, 388) (s. p. 615)

Eyes: Copper is deposited in the form of a copper-sul-
phur complex in Descemet’s membrane on the back of
the cornea. Fine copper granules are observed, first as
moderate colour changes at the upper limbus, then also
at the lower limbus, with the ultimate development of a
complete brown-green ring, 1�3 mm in width. (337, 338,
347) The Kayser-Fleischer corneal ring is nearly always
found in adults with principally neurological and psy-
chological problems, whereas it is generally not present
in juveniles with a hepatic course. The best way to detect
this ring is by slit-lamp examination. (s. fig. 4.17) The
existence of such a ring is not in itself proof of Wilson’s
disease, as it is also found in CDNC-induced cirrhosis
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and primary sclerosing cholangitis; its absence does not,
however, exclude Wilson’s disease. • Occasionally
(10�20%), a sunflower cataract is observed on the lens
(E. Siemerling et al., 1922): a central gold-brown copper
deposit in the frontal lens capsule with radial emanation
into the posterior capsule areas. (328) Visual acuity is
not compromised by these changes. Successful treat-
ment leads to the regression of both ocular findings,
making it possible to evaluate the course of disease (as
well as to monitor inadequate treatment).

Kidneys: Dysfunction of the proximal tubule may occur
as a late manifestation of Wilson’s disease. Epithelial
flattening, a loss of the brush-border membrane, mito-
chondrial anomalies and fatty cellular changes can be
observed. These findings are, in turn, responsible for
proteinuria with a predominance of hyperaminoaciduria
(L. Uzman et al., 1948). Enhanced calciuria and phosphat-
uria may cause osteomalacia as well as hypoparathy-
roidism. (329, 344) Glucosuria and uricosuria, if present,
are without clinical relevance. Due to decreased bicar-
bonate resorption, tubular acidosis may occur, with a
tendency towards osteomalacia as well as the develop-
ment of nephrocalcinosis and renal stones (in some 15%
of cases). (344, 356, 392) The intensity of the copper
deposits in the kidneys correlates closely with the cellu-
lar changes and functional disorders. • The glomerular
function is not compromised, with the result that sub-
stances normally excreted in the urine are not retained.

Skeleton: Renal phosphate diabetes associated with
hypercalciuria may lead to osteomalacia or osteoporo-
sis. Likewise, inflammatory or degenerative arthrosis is
thought to be a late manifestation of Wilson’s disease.
(354) Often, these developments are combined with
intra-articular calcium deposits and chondromalacia, in
particular patellar chondromalacia. Bone fractures are
frequently observed even with minor traumas. Calcifica-
tion may occur in articular cartilage, capsule and tendi-
nous insertions, and deposits of calcium pyrophosphate
dihydrate can appear in the intervertebral disks.

Myocardium: Copper deposits in the myocardium causes
interstitial fibrosis, the sclerosing of small vessels and
focal inflammatory or degenerative lesions. This results in
cardiac arrhythmia and cardiomyopathy.

Bone marrow: Leucopenia and thrombopenia may be a
result of bone-marrow damage caused by copper de-
posits, although this can also be due to splenomegaly.

Skin and muscles: Acute rhabdomyolysis (362) as well as
dermatomyositis are considered to be rare manifesta-
tions of Wilson’s disease. • Occasionally, there is evi-
dence of hyperpigmentation as well as acanthosis nigri-
cans. Bluish, lunular discolorations of the nails, so-
called azure lunulae, are rare. (322) (s. p. 84)

16.6 Clinical picture

The symptoms of Wilson’s disease can hardly ever be
recognized before the age of six. In most cases, the
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patients show symptoms between the 6th and 20th year
of life � occasionally, however, as late as the 4th decade.
About half the patients develop the disease before the
age of 15. Sometimes, above-average growth in height is
observed. Based on the prevailing symptoms, three clin-
ical forms can be differentiated: (1.) hepatic, (2.) neuro-
logical, and (3.) mixed courses. The hepatic form is
observed almost exclusively in children between the ages
of 6 and 15, while the neurological form predominates
in adults. • Asymptomatic courses are usually diagnosed
only by chance. (326, 330, 339, 341, 364, 370, 377, 379, 381)

Early diagnosis is essential. This is true both for the
recognition of heterozygous carriers and for the diag-
nosis of asymptomatic homozygous carriers � often,
the two groups can only be differentiated by using
complicated methods (e. g. specific DNA markers,
gene linkage analysis, 64Cu kinetics). (345, 351)

� Once the diagnosis of Wilson’s disease has been con-
firmed beyond doubt, all other family members have to
be examined as well. During this process, occasional
cases of a presymptomatic course of disease are
detected. A reduction of ceruloplasmin in serum may
even be present in carriers of heterozygous features.
Genetic analysis can provide a diagnosis in some 95%
of cases, even prenatally.

Liver diseases

Hepatic disorders are a prominent feature of Wilson’s
disease in childhood and adolescence. In the early
stages, a fatty liver is often observed, the aetiology of
which is at first unclear. • A slight increase in the trans-
aminases may be the first biochemical sign, before any
other symptoms appear. • In acute hepatitis of varying
degrees of severity, Wilson’s disease must always be
ruled out. • In the natural course of disease, chronic
active hepatitis may be found in the initial phase. In
terms of clinical and laboratory examination, it can only
be distinguished from other forms of chronic active hep-
atitis by way of aetiology-specific findings. (s. fig. 31.20)
• Fulminant hepatitis, which is observed quite often,
shows rapid progression with the development of pro-
nounced jaundice; there is evidence of increased copper
values in the serum and urine, while ceruloplasmin in
the blood is decreased or normal. Ascites and growing
liver insufficiency are evident. (335) Transaminases are
only slightly elevated. A marked reduction in alkaline
phosphatase is considered to be a characteristic feature.
(374) At the same time, haemolysis is often present due
to an abrupt discharge of cytosolic copper into the
bloodstream. Fulminant hepatitis in Wilson’s disease is
usually fatal if there is no chance of liver transplanta-
tion. (333, 334, 339, 340, 353, 358, 368, 375, 380) • Liver cirrho-
sis develops slowly. (s. figs. 31.21, 31.22) Non-specific
general complaints and skin stigmata of liver disease (s.
fig. 4.21), which are typical in chronic forms, as well as
the symptoms and sequelae of portal hypertension are
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evident. In association with thrombopenia, cutaneous
and mucosal bleeding may occur due to synthesis disor-
ders of the coagulation factors. Occasionally, recurrent
bouts of jaundice (generally due to haemolysis) are
observed. An acute necrotizing episode may have a
fatal outcome.

Neurological and psychiatric disorders

Neurological symptoms are not observed before an
advanced stage of disease is reached, particularly in
older juveniles or adults. In their case history, half of
these patients have not shown any signs of haemolytic
anaemia or hepatic symptoms which could have pointed
to Wilson’s disease. However, a very discrete symptom-
atology at the onset progresses continuously and ulti-
mately characterizes the clinical picture of untreated
Wilson’s disease. (320, 371, 381, 397) • Psychiatric symp-
toms (personality changes, behavioural disorders, neuro-
ses, psychoses) are detected in 55�65% of cases. • A
drop in performance at school may be one of the first
signs of Wilson’s disease. • The following symptoms are
found in varying degrees of intensity and in different
combinations (although some of the late features are
no longer observed nowadays due to effective treatment
techniques which are generally initiated at an early
stage):

� unsteady gait, balance disturbance, uncoordinated
movements, grimacing

� dysarthria, scanning speech, palilalia
� dysphagia, salivation, raising and retracting of the

upper lip
� dysgraphia, micrographia
� seizures
� tremor, athetosis, resting and intention tremor,

nystagmus, rigor, flexion contractures, spasticity
� personality changes, behavioural disorders, neuro-

tic or psychotic symptoms (including forgetful-
ness, irritability, emotional lability, inability to
keep a distance)

� hypomimia and amimia, mask-like face

Haemolysis

In about 15% of patients suffering from Wilson’s dis-
ease, haemolysis with corresponding jaundice can be
observed, sometimes as a relapse and occasionally as a
haemolytic crisis. (s. tab. 12.3) The release of large
amounts of copper from necrotized liver cells causes
copper-induced damage to erythrocytes with subsequent
haemolysis (due to enzyme deficiency). Haemolysis may
even constitute the first manifestation of Wilson’s dis-
ease (333, 334, 365) and precede the hepatic findings by
several years. Usually, it is transitory and self-limiting.
In severe cases, this non-spherocytic, Coombs-negative,
intravascular haemoloysis may be combined with
haemoglobinuria. • Chronic haemolysis can lead to the
formation of pigment gallstones.
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16.7 Laboratory findings

When there are clinical signs suggesting the presence of
Wilson’s disease or corresponding differential diagnostic
considerations, diagnosis (or diagnosis by exclusion) is
established by laboratory parameters. AP is normal or
slightly increased. The GPT/GOT quotient is generally
> 4. (330, 339�341, 357, 381, 390, 397) (s. tab. 31.15)

Ceruloplasmin in the serum � (� 20 mg/dl)
Copper content of the liver � (� 250 µg/g)
Copper in the urine � (� 70 µg/day)
Free copper in the serum � (� 25 µg/dl)
Penicillamine test (600 mg) � (� 300 µg/6h)
Total copper in the serum � (� 70 µg/dl)

Tab. 31.15: Decisive laboratory criteria for the diagnosis and fol-
low-up of Wilson’s disease

Ceruloplasmin: Usually, the serum value of ceruloplasmin is below
20 mg/dl in homozygous Wilson’s disease; however, in about 15%
of such symptomatic patients, the values are found in the lower
normal range (20�30 mg/dl). In about 15% of heterozygous
patients without manifestation of the disease, a slight decrease in
the ceruloplasmin value is also observed. When the value is >30
mg/dl, Wilson’s disease can usually be ruled out. Nevertheless, in
strongly compromised liver function, the ceruloplasmin value
increases due to hyperoestrogenism, which develops subsequently
and stimulates ceruloplasmin synthesis in the liver. A decrease to
<20 mg/dl is not confirmation of Wilson’s disease. Decreased
values are also found in nephrosis, Menkes’ disease, aceruloplas-
minaemia (J. D. Gitlin, 1998), malabsorption syndrome, etc.
Increased values are observed in cholestasis, during pregnancy,
with oral contraceptives, in malignant and inflammatory pro-
cesses, etc.

Cupruria: In pronounced liver cell decay, there is not only a rise in
the copper value in serum, but more particularly in the amount of
copper excretion in the urine. Cupruria of <50 µg/day rules out
the presence of Wilson’s disease (differential diagnosis: e. g. kidney
disease). • The penicillamine test has proved successful: after
administration of 600 mg penicillamine, copper excretion increases
to >300 µg/6 hr (>600 µg/24 hr). However, it should be noted that
this test may show similar positive results in cholestatic liver dis-
eases.

Copper content of the liver: The diagnosis of Wilson’s disease is
confirmed by determination of the liver copper content (normal:
20�50 µg/g dry weight) using atomic absorption spectrometry.
First of all, the puncture instruments and glass vessels have to be
free of copper (cleaned with a 0.1 EDTA solution). An in-
homogenous distribution of copper in the liver, particularly in
cases of cirrhosis, has to be taken into account. • In addition, an
increased hepatic copper content can also be detected in other liver
diseases, e. g. bile-duct atresia, primary biliary or primary scleros-
ing cholangitis, bile-duct obstruction, chronic hepatitis, neoplasm,
α1-antitrypsin deficiency, Gilbert’s disease, Dubin-Johnson syn-
drome.

16.8 Diagnostic measures

� Suspicion: Detection of acute or chronic liver disease
of unclear aetiology (in particular fatty liver) and/or
haemolysis, and/or neurological or psychological peculi-
arities in children above the age of 6, in juveniles and in
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adults up to the age of 40 suggest the suspected presence
of Wilson’s disease (“give it thought”).

� Hints: Detection of a Kayser-Fleischer corneal ring
(in the early phase by slit-lamp examination) is con-
sidered to be the most important clinical finding of
manifest Wilson’s disease. (s. fig. 4.17)

� Confirmation: The diagnosis is verified by laboratory
parameters (determination of the serum values of cop-
per and ceruloplasmin as well as of copper excretion in
the urine, if necessary also by means of the penicillam-
ine test) and by demonstration of the copper content of
the liver, with simultaneous differentiation of existing
liver damage.

� Organ involvement: The type and extent of organ
involvement is determined by a broad spectrum of
examinations. To a certain degree, these examinations
are also important for monitoring progress and therapy.
(s. tab. 31.16)

1. Liver
laboratory parameters
liver biopsy/laparoscopy
copper content of the liver

2. CNS
EEG, ENG, EMG (CT), MRI

3. Eyes
slit-lamp examination

4. Kidneys
calciuria, phosphaturia, glucosuria,
aminoaciduria, tubular acidosis

5. Sonography
liver status, portal hypertension,
kidney stones, nephrocalcinosis,
gallstones

6. Skeleton
osteomalacia, osteoporosis,
chondrocalcinosis, arthropathy

7. Blood
thrombocytes, leucocytes,
coagulation factors,
signs of haemolysis (s. tab. 12.3)

8. Heart
ECG
echocardiography

Tab. 31.16: Diagnostic measures for detecting the type and extent
of organ involvement in Wilson’s disease

At an advanced stage, sonography yields a metastasis-
like picture: fatty degeneration together with areas of
fibrosis (� echogenic) and normal parenchyma (�
hypoechoic).

An MRI brain scan may demonstrate typical changes
such as atrophy and densification in the basal ganglia
and the lenticular nucleus (i. e. in the putamen and the
globus pallidus). The cause of the particular sensitivity
of these regions is unknown.
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16.9 Prognosis

The prognosis depends essentially on early diagnosis
and consistent treatment. (357, 370) If untreated, Wilson’s
disease is fatal. When treatment is initiated too late,
irreversible, chronic damage is inevitable and the prog-
nosis is poor. However, when early treatment is applied
at an initial stage, the prognosis for Wilson’s disease is
relatively good; remissions over a period of 7 years have
even been reported. (One of our own patients has now
been in remission for more than 20 years.) The prognosis
is particularly favourable if copper excretion therapy is
already started in the preclinical phase. Compared to
the normal population, the life expectancy of the
patients is not compromised if the therapy is successful.
After recovery, the patient’s general condition and phys-
ical performance is usually unimpaired.

16.10 Treatment

Early diagnosis and thus early treatment form the basis
for (1.) establishing copper homoeostasis which is as
stable as possible, (2.) avoiding chronic or irreversible
organ damage, (3.) supporting the regression of still
reversible lesions, and (4.) improving (perhaps even nor-
malizing) functional disorders. Therapy must be contin-
ued lifelong, since copper reaccumulates, with the result
that Wilson’s disease becomes manifest, and there is a
danger of acute liver failure. (326, 339, 340, 371, 381, 390)

16.10.1 Dietary measures

Nutrition should be low in copper. Patients must avoid
foodstuffs and beverages containing copper, e. g. edible
offal, nuts, cocoa products, mushrooms, potato crisps,
rye flour, oat flakes, beans, dried figs, certain types of
cheese, meat and fish, pineapple, mineral water (see rele-
vant lists as to the composition of foodstuffs and copper
content in food). Vegetarian food, from which copper
cannot be easily mobilized, is therefore recommended. •
Cooking utensils containing copper should not be used.
• Alcohol is strictly forbidden.

16.10.2 Drug therapy

D-penicillamine: The first-choice medication is D-peni-
cillamine (J.M. Walshe, 1956). By forming copper chelate,
it not only causes a reversal of copper deposition and
cupruria (see penicillamine test), but also induces metal-
lothionein synthesis, whereby the toxicity of the remain-
ing copper is reduced, even though the copper content
in the liver does not sink. Penicillamine reduces the
activity of lysil oxidase, thus diminishing the deposition
of collagen. As a result, however, the skin unfortunately
becomes fragile and wounds heal more slowly. • The
initial dose is adapted to the individual and ranges from
900�1,200 (�1,800) mg/day. The medication is given in
3 (�4) single doses per day, which have to be taken half
an hour before meals. Therapeutic success is to be
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expected after 6 months at the earliest: there is a con-
siderable and continuous improvement with regard to
abdominal complaints, neurological and psychological
disorders, opthalmic findings and laboratory param-
eters. Occasionally, an initial worsening of the neurolog-
ical symptoms is observed (most likely due to excessive
copper mobilization), which, however, ultimately results
in a constant improvement in the neurological status if
treatment is carried on consistently. Whether or not the
treatment has actually been successful can only be deter-
mined after about 2 years. • The removal of copper
deposits is reflected in a normalization of copper excre-
tion in the urine (after 2 days without medication) and
serum parameters regarding copper metabolism. At this
stage, a maintenance dose of 600�900 mg/day can be
administered. Any interruption of treatment should not
exceed a period of several weeks, since this would defi-
nitely result in a renewed overload of the organism with
copper and possibly lead to acute and dangerous
relapses. Treatment with penicillamine is continued even
during pregnancy; breastfeeding is, however, not recom-
mended.

In 20�25% of cases, side effects are observed, depending mainly
on the dose (hypersensitivity reactions, aphthous lesions, arthral-
gia, nausea, fever). All in all, treatment of Wilson’s disease with
penicillamine is considered to be successful and safe. If penicill-
amine is not well tolerated or if serious side effects are observed
(e.g. kidney or bone-marrow damage, polyneuropathy, pemphi-
gus), treatment must be discontinued. • Penicillamine usually
causes pyridoxin deficiency, so that substitution (25�40 mg/day) is
recommended, particularly as chronic liver damage also leads to
vitamin B6 deficiency. • If necessary, electrolytes and trace elements
also have to be substituted.

Zinc: Treatment with zinc is considered to be an alterna-
tive therapy for mobilizing copper deposits (T.U. Hoogen-

raad et al., 1978). (343) Zinc causes inhibition of intestinal
copper resorption and stimulates the synthesis of metal-
lothionein in the liver and intestinal mucosa. The recom-
mended dosage is 3 (�4) � 50 mg/day, one hour before
meals. The duration of administration and the dose are
adjusted in line with therapeutic success. Zinc can also
be used in long-term treatment (i. e. maintenance of cop-
per homoeostasis) following the initial release of copper
deposits by means of penicillamine. Side effects have
been reported in the form of gastrointestinal com-
plaints. There is an increase in AP as well as amylase
and lipase. (367, 387)

Potassium sulphide: A decrease in intestinal copper resorption can
also be achieved by the administration of potassium sulphide (3 �
20 mg/day) (M. M. Wintrobe et al., 1954). However, this therapy is
not readily accepted by patients because the substance has a bad
taste and very unpleasant smell.

Triethylene tetramine: The copper-chelating agent tri-
ethylene tetramine (trientine) can be considered as an
alternative therapy to penicillamine (J. M. Walshe, 1982).
(389) The initial dose is 3�4 � 600 mg/day; the recom-
mended maintenance dose is 2 � 600 mg/day, adminis-
tered about one hour before meals. The side effects are
similar to those observed with penicillamine, but effi-
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cacy is lower. Iron-deficiency anaemia can occur. The
substance is commercially available in the USA. (369) •
Further chelating agents being tested include 2,3,2-tetra-
mine, APD and tetrathiomolybdate.

16.10.3 Peritoneal dialysis

In acute copper toxicosis (378), peritoneal dialysis has also been
successfully implemented with simultaneous administration of
penicillamine. In order to bridge the time until liver transplanta-
tion can be carried out, plasmapheresis and haemofiltrations are
recommended.

16.10.4 Liver transplantation

In a fulminant course of Wilson’s disease or an advanced
stage of cirrhosis with complications or in cases where
medication is not feasible, the only remaining alternative
is liver transplantation. After successful transplantation,
all clinical findings and laboratory parameters improve,
and even neurological disorders become reversible.
Transplantation is a causal therapy, which confirms that
the primary metabolic defect of Wilson’s disease is
located in the liver. (348) This means that no copper-
releasing medication is required following transplanta-
tion. (324, 352, 361, 363, 372, 375, 384)

16.11 Indian childhood cirrhosis

This condition, which is confined to India, leads to the
development of childhood cirrhosis; it is fatal in almost
all cases. Its aetiology is unknown. The condition affects
children of both sexes between the ages of 1�3 years.
Its familial occurrence points to genetic factors. There
is increased copper ingestion through food and milk as
well as from household utensils. Alkaloids may also be
involved in aetiopathogenesis. • Initially, the symptoms
include increased appetite, restlessness, sleep distur-
bances, bright and sticky stools as well as hepatomegaly.
Kayser-Fleischer rings are not present. Serum cerulo-
plasmin is normal. The further course is characterized
by jaundice, oedema and ascites, bouts of fever and liver
atrophy. • The histological picture is similar to acute
alcoholic hepatitis, but without fatty degeneration. Mal-
lory’s hyaline, which is surrounded by polymorphonu-
clear leucocytes, is detectable in 80�90% of hepatocytes.
The liver shows the highest content of copper so far
verified in humans; it is located in the cytoplasm. As
a result of low-grade liver cell regeneration, only small
nodules are formed in the extensive, dense connective
tissue, so that micronodular cirrhosis results. • Therapy
is based on a strict reduction in copper intake and the
administration of D-penicillamine. (399)

Non-Indian childhood cirrhosis: This similar condition, found in
other countries, is indistinguishable from Indian childhood cirrho-
sis. Therefore, it is also called copper-related liver disease. A genetic
defect is probably involved. Any correlation with increased copper
ingestion is unlikely. (398)
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17 Haemochromatosis
� The first observation of haemochromatosis was made by Th.
Bonnet (1679). The first clinical case was described by A. Trous-

seau (1865) with the three main symptoms of iron storage diseases:
diabetes mellitus, bronze pigmentation of the skin and cirrhosis.
In 1871 C. E. Troisier termed this condition “la cirrhose pigmen-
taire dans le diabète sucré”. In 1877 H. Quincke detected iron
deposits in the liver parenchyma of these patients and called this
clinical picture “siderosis”. For the same condition, V. Hanot and
A. M. Chauffard (1892) coined the term “cirrhose hypertrophique
pigmentaire dans le diabète sucré”. In 1895 P. Marie also
described this illness as “diabète bronzé”. The term “haemochro-
matosis” was suggested by F. D. v. Recklinghausen in 1889. (469)
Since 1935, haemochromatosis has been regarded as a genetically
determined entity in itself and hypogonadism was added as a
fourth cardinal symptom by J. H. Sheldon.

17.1 Definition

Haemochromatosis (HC) is a hereditary disease
(autosomal recessive) affecting the iron metabolism.
It refers to pronounced iron deposition, predomi-
nantly in the liver (> 50% of the total iron in the
body), but also in other organs, such as pancreas,
spleen, heart, endocrinium, bone marrow, lymph
nodes, salivary glands, basal skin layers and gastroin-
testinal epithelia. • In addition to these hereditary
(HFE-related) or idiopathic (non-HFE-related) pri-
mary forms, there are numerous acquired secondary
forms of HC. At first, the cells of the RES become
laden with iron. Only when the capacity of the RES
is exceeded is there iron deposition in the parenchy-
mal cells; this leads to damage of the respective
organs. (s. tab 31.17)

Haemosiderosis (HS) denotes iron storage in the
organism, whereby iron deposition in the liver is < 0.5
g/100 g liver WW. Iron deposition occurs almost ex-
clusively in the RES; parenchymal cells are rarely
affected. Haemosiderosis exists in two forms: (1.)
absolute HS resulting in generalized iron deposition
in the body as a whole, or (2.) relative HS localized
in a certain organ with the rest of the body showing
normal iron distribution. Haemosiderosis does not
cause haemochromatosis. (s. tab. 31.17)

17.2 Classification

Hereditary haemochromatosis (HC) can be differenti-
ated in one HFE-related and three non-HFE-related
types as well as in a few other forms. (s. tab. 31.17)

17.2.1 HFE-related haemochromatosis

Type 1 is the classic HFE-related form of HC. It has an
autosomal recessive inheritance pattern. The gene muta-
tion is localized on chromosome 6, directly next to the
A-locus of the HLA system. (426, 427) It was originally
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Hereditary (primary) haemochromatosis
HFE-related haemochromatosis
type 1 Hereditary haemochromatosis

Non-HFE-related haemochromatosis
type 2 Juvenile haemochromatosis
type 3 Italian variant
type 4 Autosomal dominant form

Aceruloplasminaemia
Atransferrinaemia
Neonatal haemochromatosis (inherited / acquired?)

Acquired (secondary) haemochromatosis
(iron content of the liver > 0.5 g/100 g liver WW)
� extreme iron intake due to dietary habits

e. g. Bantu disease or African iron overload
(together with genetic basis), dietary iron overload

� extreme iron intake due to therapy
e. g. frequent blood transfusions, chronic haemo-
dialysis

� haemolytically induced
e. g. thalassaemia

� metabolically induced
e. g. tyrosinaemia, porphyria cutanea tarda,
Zellweger’s syndrome, glycogenoses, lipidoses,
paraneoplastic ferritin production
(such as in bronchiolar carcinoma)

Haemosiderosis
� liver siderosis

(iron content of the liver < 0.5 g/100 g liver WW)
e. g. chronic alcohol damage, portocaval
anastomoses, hepatitis C, cirrhosis

� pulmonary haemosiderosis
� renal siderosis

e. g. paroxysmal haemoglobinuria
� cerebral siderosis

e. g. Alzheimer’s disease, Huntington’s
chorea, Pick’s atrophy

Tab. 31.17: Classification of haemochromatosis and haemosidero-
sis (WW � wet weight)

termed HLA-H gene and later on called HFE gene (J.N.
Feder et al., 1996). The exact interpretation of the letters
HFE is unknown (human ferritin?). In about 90% of
patients with haemochromatosis, a homozygote point
mutation (Cys 282 Tyr) in the HFE gene is evident. A
further point mutation (His 63 Asp) is found in 5�10%
of HC patients. Its role in iron metabolism is still not
clarified. This mutation is often observed in HC
together with a heterozygote status for Cys 282 Tyr
mutation (so-called compound heterozygosity). For
these two point mutations the terms C 282 Y and H 63
D have been used. • The phenotype of HC in northern
Europe and the USA comprises the genotypes: (1.) C
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282 Y / C 282 Y (85�95%), (2.) wildtype / wildtype
(5�8%), (3.) C 282 Y / H 63 D (� compound heterozy-
gosity) (< 5%), (4.) C 282 Y / wildtype (< 2%), (5.) H 63
D / wildtype (< 2%), and (6.) H 63 D / H 63 D (< 1%).
In southern European populations, the frequency of C
282 Y homozygosity is lower (ca. 65%). • The localiza-
tion of the HFE gene on chromosome 6 has no close
association to the receptor protein synthesis of ferritin
(chromosomes 11 and 19), transferrin (chromosome 3)
or the iron-regulating factor (chromosome 9). (403, 429,
448, 459, 468) (s. tab. 31.17)

17.2.2 Non-HFE-related haemochromatosis

Type 2 is the juvenile haemochromatosis. This rare form
of iron storage can be differentiated from type 1 by an
earlier onset of clinical symptoms. It becomes manifest
prior to the age of 30. Both sexes are affected equally.
The gene defect is localized on chromosome 1q (A.
Roetto et al., 1999). Compared to type 1, cardiomyopathy
and hypogonadism are more frequent, the course of dis-
ease is more severe and cardiac-induced death is more
common. HFE mutations are absent, and there is no
association with the HLA system. This form of HC has
an autosomal recessive inheritance. (s. tab. 31.17)

Type 3 is the Italian variant of haemochromatosis. The
gene defect is localized on chromosome 7 q 22 and
affects transferring receptor 2 (D. Girelli et al., 2001). This
form of HC probably has an autosomal recessive inheri-
tance. The histomorphological and clinical findings are
similar to those of type 1. (466) (s. tab 31.17)

Type 4 is an autosomal dominant variant of HC. It has
only been observed in Italy. The gene defect is located
on chromosome 2 q 32 and affects the iron export pro-
tein ferroportin (O.T. Njajou et al., 2001). In contrast to
types 1 and 3, there is early iron storage in the macro-
phages. A characteristic feature are the markedly in-
creased values of ferritin together with a slight elevation
of transferrin saturation. (s. p. 98) (s. tab. 31.17)

17.2.3 Aceruloplasminaemia

Aceruloplasminaemia is a very rare, autosomal recessive
disease with diffuse iron overload. It is caused by a
mutation of the ceruloplasmin gene. This leads to
excessive iron storage, mainly in the brain, liver and
pancreas. The principal symptoms are increased serum
ferritin, decreased serum iron and transferrin saturation
as well as extrapyramidal disturbances, retinal degener-
ation, cerebellar ataxia and diabetes mellitus. (486�488)
(s. tab. 31.17)

17.2.4 Atransferrinaemia

Atransferrinaemia is likewise a very rare inherited syn-
drome. The first and only case involving a seven-year-
old girl was described in 1961 (L. Heilmeyer et al.). Clinic-
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ally, there was a serious iron deficiency in serum
together with marked iron storage in the tissue. (s. tab.
31.17)

17.2.5 Neonatal haemochromatosis

Neonatal haemochromatosis was first described by H.
Cottier in 1957. This fatal form of HC starts in utero
and must be differentiated from the above-mentioned
genetically induced types; it does not represent a variant
of HC. Genetic markers are not known and the basic
underlying defect is still unclarified (inherited/
acquired?). “Sporadic” cases have also been observed.
Both sexes are affected with the same frequency. Even
at birth, newborns have pronounced ferritin values,
jaundice, cholestasis, coagulopathy, oedemas and ascites
as well as cirrhosis with iron storage. The babies affected
die generally within the first few days or weeks. Patho-
genetically, irregular transport of iron through the pla-
centa or dysregulated iron metabolism in the foetal liver
cells is assumed to be responsible. The following therapy
can be recommended: acetylcysteine (100 mg/kg BW/
day i.v. for 7 days), α-tocopherol (25 U/kg BW/day
orally), desferrioxamine (30 mg/kg BW/day i.v. infusion
over 8 hours until the serum ferritin is < 500 µg/l), sel-
enium (3 µg/kg BW i.v. by continuous infusion) and
prostaglandin E1 (0.4 µg/kg BW i.v.). Liver transplan-
tation, if successful, is curative. (411, 439, 447, 456) (s.
tab. 31.17)

17.3 Hereditary haemochromatosis

HFE-related haemochromatosis, which is synonymous
with type 1, is the most frequent and most important
form of HC. The following chapter refers to this clin-
ical feature.

17.3.1 Frequency

Hereditary haemochromatosis (HC) has an incidence of
0.25�0.5% in the Caucasian population. After Gilbert’s
disease, HC is the most common hereditary liver dis-
ease. Men are affected 5�10 times more frequently than
women. The gene mutation on chromosome 6 occurs
with a frequency of 1:10 to 1:20 for the heterozygous
type and of 1:200 up to 1:400 for the homozygous type,
as far as this can be detected by current methods. The
number of those affected with manifest HC is strongly
influenced by racial as well as exogenous factors (e. g.
diet, alcohol, personal habits), which is an explanation
for the variations in frequency between 1:500 to 1:4,000.
Prevalence of the HC gene in the normal population is
estimated as being 6�7%. If both parents are heterozy-
gous carriers, the probability of the children being
homozygous is 1:4 and heterozygous 1:2. (403, 407, 410,
428, 452, 483)
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About 1:500 persons in Germany are carriers of
homozygous HC. However, the number of clinically
detected cases of HC only corresponds to a ratio of
1:5,000. A considerable number of homozygous car-
riers are diagnosed and treated far too late. • In 1%
of patients with newly detected diabetes mellitus and
in 3�15% of cirrhotic patients, the respective disease
is aetiologically attributable to HC.

17.3.2 Pathogenesis

� Iron storage is about 0.07 g per year in heterozygous
carriers. In homozygous men, however, it is about ten
times higher (0.6 g), whereas the rate in homozygous
women is only 0.16 g due to loss of iron during menstru-
ation, pregnancy and breastfeeding. Generally, men
have stored a total of 20�30 g iron by the age of 50. As
from 5�8 g, progredient organ damage begins. (434, 460,
468, 477) (s. fig. 31.23)

A defect in the HFE gene leads to overenhanced (unde-
sired) intestinal iron absorption. Thus the enteral
absorption of iron is at a higher level in HC (2 to 4-
fold) because of this dysregulation, although the iron
content of the organism is increased. After being above
average for several years, iron uptake returns to normal,
even in HC patients. However, following venesection,
the iron absorption in HC increases again. This disorder
is primarily caused by the HFE mutation present in the
crypts of the small intestine cells, where iron uptake
usually occurs. • Iron absorption is regulated by the
iron-responsive-elements-binding-protein. This IRE-BP
shows a normal function in HC, since its gene is not
localized on chromosome 6. In contrast, there is a dis-
turbance of the association between C 282 Y mutation
of HFE and the β-microglobulin, so that the normal
function of HFE is reduced. In addition, the defect
HFE gene does not interact with the transferrin recep-
tor 1, with the result that iron is more easily absorbed
in the cell. Both the transmembranous protein Nramp 2
and the iron reductase (Dcyt � duodenal cytochrome
B) are considered as apical iron transporters. • Intestinal
uptake of iron is still influenced by the basolateral iron
transporter ferroportin 1, whose gene defect causes type
4 HC. Iron is also transported by the multi-copper-iron-
oxidase hephaistin, which creates the connection be-
tween iron and copper transport. • Transferrin receptor
2 is also involved in the regulation of intestinal iron
transport; in the case of a gene defect, it is responsible
for the development of type 3 HC. The modes of action
behind iron absorption and iron transport based on the
above-mentioned (and other?) proteins have only been
partially clarified. (414, 418, 453, 454, 464, 477)

Iron metabolism: Iron is the sixth most abundant element in the
universe; it has two oxidation states: Fe(II) and Fe(III). Normal
diet accounts for 10�30 mg iron/day, with about 1.5 mg/day of
this amount being stored mainly in the bone marrow, skeletal mus-
culature and liver (hepatocytes, Kupffer cells, endothelial cells); in
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HC, however, the amount is 3�5 mg/day. Thus HC produces an
annual iron surplus of 500�1,000 mg. • Resorption of bivalent iron
takes place in the mucosal cells of the duodenum and proximal
jejunum. There, it is oxidized by ferroxidases into trivalent iron
and bound (by means of apoferritin) reversibly to water-soluble
ferritin (molecular weight 460,000, 50 Å in diameter, iron content
about 20%). A single molecule of ferritin may contain up to 4,500
atoms of iron. The synthesis of ferritin, which enters the cell via
ferritin receptors, is stimulated by iron; the site of synthesis is the
RES. Ferritin is also formed on the polysomes of the hepatocytes
and broken down in the lysosomes. The plasma ferritin value cor-
relates with the total amount of iron stored in the body. Enteral
iron resorption is controlled by the intracellular ferritin concentra-
tion: there is a negative correlation between these two quantities.
In HC, ferritin is considerably decreased in or absent from the
mucosal cells; there may be disturbed regulation of ferritin gene
expression, i. e. ferritin-determined dysregulation is observed. (414,
426) • A second (but labile) intracellular storage form of iron is
haemosiderin, a water-insoluble pigment of Fe(III) hydroxide (ca.
37%), protein, carbohydrate, lipids, copper and calcium. Haemo-
siderin is formed during the lysosomal breakdown of ferritin, a
process by which released iron can be stored in the lysosomes. It
is mainly stored in the peripheral area of the lobules and in the
portal fields. In contrast to ferritin, haemosiderin shows a positive
Berlin-blue reaction. (s. figs. 31.25, 31.26) • Intracellular iron is, to
a certain extent, bound to transferrin, which is mainly produced
in the hepatocytes. It is considered to be a carrier molecule for
extracellular iron. Only one third of the total iron-binding capacity
of transferrin (normal 250�370 µg/dl) is iron-saturated. The satu-
ration capacity beyond this normal degree of transferrin saturation
is called free (latent) iron-binding capacity. There is a negative cor-
relation between the amount of iron in the organism and the
transferrin synthesis rate. The absorption of transferrin into the
target cells occurs by means of a specific receptor. (418, 434, 448,
453, 454, 464) (s. pp 49, 98)

An additional pathogenetic factor (apart from excessive iron supply
or alcohol abuse) is vitamin C, which has different effects: on the
one hand, it enhances intestinal iron resorption as well as iron
excretion from the RES, but on the other hand, it is broken down
due to an iron overload, which results in subsequent vitamin C
deficiency. • Alcoholic beverages may support the development of
haemochromatosis when the respective iron content is considerably
increased (depending on the iron content of the soil or of the
drinking water used in their production). Furthermore, alcohol-
induced folate deficiency may cause ineffective erythropoiesis with
enhanced endogenous iron storage. • A genetic association also
exists between HC and �1-antitrypsin deficiency syndrome as well
as porphyria cutanea tarda, which leads to a more rapid develop-
ment of cirrhosis. • Any rise in iron storage is due to a disturbed
iron balance: if the daily supply continues to be higher than the
daily loss, the individual organs will absorb iron in line with their
respective storage capacity.

17.3.3 Iron toxicity

It was O. Warburg (1928) who first observed the toxic effects of
“free” (ionized) iron on cell metabolism. Increased acid phos-
phatase, decreased glucose-6-phosphatase, disturbances in oxi-
dative cell metabolism as well as augmented glycolytic break-
down processes in the liver and cardiac muscle cells have since
been reported. • There are three molecular mechanisms which
are important for the toxic effects of free iron on cell metabol-
ism: (1.) increased formation of reactive oxygen intermediates
(with release of lysosomal enzymes and indirect stimulation of
fibrogenesis) (s. p. 67), (2.) direct stimulation of collagen synthe-
sis (with enhanced fibrogenesis) (s. p. 403), and (3.) changes in
or damage to DNA (with the possible induction of carcinogen-
esis). (s. fig. 31.23)
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Fig. 31.23: Postulated
pathogenetic and morpho-
logical cascade of damage
in HC

17.3.4 Morphology

After being transported in increased quantities to the
liver, iron is mostly stored as haemosiderin and ferritin
in the hepatocytes of the lobular periphery. Initially, this
liver cell siderosis does not impair the function of hepa-
tocytes, as iron is absorbed by lysosomes. Iron storage
commences in lobular zone 1 and progresses to zone 3.
Gradually, the cells of the whole lobule become involved
in iron deposition, mainly in the form of centroaxial
pigment pathways, with enhanced iron deposition in the
periportal area (haemosiderin granules). (422, 442)

When the storage capacity of the lysosomes has been
exhausted (usually with a liver iron content of > 4,000 µg/
g wet weight), there are unspecific inflammatory reac-
tions in the portal field and lobular periphery, including
single-cell necrosis as well as activation of fibroblasts and
macrophages. Siderin, released from necrotized hepato-
cytes, is absorbed by Kupffer cells, which are usually
increased in number and arranged in a nodular form.
Coarse, grained siderosis of stellate cells likewise points
to the extent of liver cell necrosis (� sideronecrosis). This
phase may be called acute siderophile hepatitis. (421) Occa-
sionally, there is formation of giant siderosomes and
glycogen vacuolations of the nuclei in the hepatocytes of
the peripheral lobules. (s. fig. 31.1) • Some excess iron is
transported into the bile ducts and stored in their epi-
thelial cells. The fainter and more finely granulated pig-
mentation (compared to hepatocytes) is important for the
morphological diagnosis of HC.

The inflammatory mesenchymal reactions in the portal
field and lobular periphery induce extremely low-cell
perilobular and tylotic fibrosis. (425, 442) Slowly, star-
shaped portal fibrosis, so-called holly-leaf fibrosis, devel-
ops. This morphological picture, similar to that of
chronic hepatitis, was termed chronic siderophile hepati-
tis by H. Kalk (1962). • The hepatic lobules are gradually
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grouped into islet-like structures. Within the tylotic con-
nective tissue, very fine epithelial tubuli, also known as
pseudo bile ducts, are found; they are more strongly
loaded with iron pigments than are the preformed bile
ducts. These pseudo bile ducts are seen as minimal and
ineffective attempts to regenerate the parenchyma,
although the constant iron supply prevents epithelial
substitution. This leads to the development of almost
uniform, micronodular (later on mixed-nodular) and
very coarse pigment cirrhosis, which is rich in fibres and
poor in regeneration. (s. figs. 31.24�31.26)

Fig. 31.24: Haemochromatotic cirrhosis: micronodular, slate-grey
to brownish discolouration, rich in septate fibrosis, marked neovas-
cularization

� The morphological damage in other iron-storing
organs (particularly the pancreas, heart and endocrin-
ium) follows pathological mechanisms similar to those
in the liver. These organs also show brown tissue
changes with increasing fibrosis. HFE is expressed in all
tissues involved in HC. • In HC, zinc is also stored in
the liver at up to eight times the normal levels.
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Fig. 31.25: Micronodular cirrhosis due to hereditary (HFE-re-
lated) haemochromatosis (Berlin blue)

Fig. 31.26: Cirrhosis in hereditary haemochromatosis. Massive
siderosis in hepatocytes and in epithelia of preformed bile ducts
(arrows) (Berlin blue)

17.3.5 Early diagnosis

For successful treatment and thus also for prognosis,
it is of the utmost importance to detect HC in its
early phase. At this stage, however, neither subjective
complaints nor clinical findings are apparent. The
development of symptoms is slow and gradual � in
men, not before the age of 30; in women, usually not
before the menopause. • It is only by chance that an
increase in serum iron (> 160 µg/dl), ferritin (> 200 µg/
dl) or transferrin saturation (> 45%) occasionally
becomes evident. The combined determination of fer-
ritin and transferrin saturation has a sensitivity of
90�95%, although specificity is lower. (s. tab. 31.18)
These purely accidental findings, which initially appear
as moderate deviations from normal values, are by no
means conclusive, but they are nevertheless suggestive
of HC. • However, hepatic siderosis can likewise be
detected incidentally in liver biopsy, sometimes with
an iron content of > 1.7 mg/g dry weight, allowing
the additional option of determining the hepatic iron
index. (406, 408, 410, 417, 458)
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For the early diagnosis of HC, it has proved very useful
to determine the hepatic iron index: iron content of the
liver (in µmol/g dry weight) divided by age (given in
years) (M.L. Bassett et al., 1984). A ratio of > 2.0 suggests
HC, while a ratio of < 1.5 points to heterozygous HC or
chronic alcoholic liver disease. (472, 478) Depending on
the results obtained, subsequent determination of the
phenotype or even of the genotype, if necessary, will fol-
low (analogous to preventive diagnosis).

� In the future, non-invasive liver-iron quantification
(measuring the magnetic susceptibility as in “mag-
netic biopsy”) by way of SQUID biosusceptimeter
(BTi ferritometer) as a quick and sensitive method
will open up new possibilities of early detection and
therapy control.

17.3.6 Preventive diagnosis

The detection of HC requires targeted preventive diag-
nosis of family members (including siblings) and close
relatives. First of all, HFE genotyping is carried out by
determining the C 282 Y mutation. Determination of
the C 282 Y mutation shows a similarly high diagnostic
sensitivity as a liver biopsy; HFE genotyping is there-
fore of the utmost importance for family screening. In
heterozygosity, however, liver biopsy should be per-
formed as a diagnostic marker instead of HFE genotyp-
ing. (403, 407�410, 417, 429, 434, 451, 458, 467, 468, 471, 473) •
The phenotype varies considerably and is influenced by
a number of factors (alcohol abuse, oestrogens, dietary
iron intake, loss of iron, etc.). Elucidation of the pheno-
type focuses on the determination of transferrin satura-
tion and ferritin concentration in the blood. With
increased values, liver biopsy is indicated: an iron
content of > 1.7 mg/g dry weight points to HC, while a
value of > 4.5 mg/g or an iron index of > 2.0 confirms
the presence of HC and is also an indication for therapy.

HLA system: This system may have one of three constellations: (1.)
when two alleles (A3 and B14 or B7) of the relative are identical
to those of the patient, there is a high risk of HC occurring (�
annual check-ups are required); (2.) with only one HLA allele of
the relative being identical to that of the diseased person, there is
merely a minor risk of manifestation (� check-ups every 4�5 years
are sufficient); (3.) if neither allele of the relative is identical to
those of the patient, there is no risk that the disease will become
manifest (� no further check-ups are required). (427, 443) • It
should be noted, however, that the formerly recommended deter-
mination of the HLA types (A3, B7, B14) is no longer common.

17.3.7 Manifestation

Subjective complaints

When the organism is constantly overloaded with iron,
subjective complaints gradually develop (in 5�40% of
cases). These present a variety of uncharacteristic fea-
tures, varying from individual to individual.
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Fatigue (40�60%) Impaired potency (10�20%)
Abdominal pain (30�40%) Nausea (10�20%)
Stress dyspnoea (20�30%) Diarrhoea (5�10%)
Weight loss (15�25%) Meteorism (5�10%)
Heart problems (15�25%) Dysmenorrhoea (5�10%)
Arthralgia (15�25%) Proneness to infection (5�10%)
Thirst (10�20%)

Clinical findings

During the development of the disease, clinical findings
appear which can be attributed to those organs primar-
ily involved in iron storage and to their respective dam-
aging mechanisms. (402, 407, 417, 429, 452, 458, 467)

1. Liver involvement (>90%)
2. Cutaneous pigmentation (60�80%)
3. Diabetes mellitus (60�80%)
4. Cardiomyopathy (20�50%)
5. Arthropathy (20�50%)
6. Endocrinopathy (20�50%)

1. Liver involvement: The liver is enlarged and of firm
consistency. Skin stigmata of liver disease occur with
varying degrees of intensity. (s. p. 80) Portal hyperten-
sion with splenomegaly (30�50%), oesophageal varices
and ascites develop. • Laboratory findings may include
a slight increase in transaminases, P-III-P and IgG
values as well as borderline pathological ICG and galac-
tose tests. (s. p. 108) Occasionally, CA 19-9 levels are
moderately increased. Vitamin E is reduced. (440) A
striking feature is the detection of normal parameters
despite the presence of manifest cirrhosis. The existence
of cirrhosis with a ferritin value of < 1,000 µg/l is
unlikely. • Determination of α1-foetoprotein is recom-
mended at long intervals.

2. Cutaneous pigmentation: “Bronze diabetes” (s. p. 616)
is rare. The colour of the skin is usually grey-brown,
particularly in areas exposed to light, but also in axillae
and conjunctivae as well as in the genital area and oral
cavity. The dirty grey discolouration is due to increased
melanin and enhanced iron storage, particularly in the
sweat glands. Pigmentation is most striking along the
lines of the palms. (s. fig. 4.12!) (s. p. 84)

3. Diabetes mellitus: A glucose tolerance disorder is
detectable at an early stage. Subsequently, 60�70% of
the patients develop the distinct clinical picture of dia-
betes, including diabetic complications (retinopathy,
polyneuropathy, nephropathy, arteriopathy). The β-cells
show iron deposition and fibrosis, in contrast to the α-
cells (so that glucagon secretion is still normal). It
remains unclear whether an additional genetic defect is
present in the β-cells. Usually, there is peripheral insulin
resistance, which often becomes reversible as a result of
successful treatment. With progressive destruction of
the β-cells, insulin-dependent diabetes mellitus develops.

4. Cardiomyopathy: Iron deposition in the myocardium
and/or the conduction system causes the walls of the
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heart, particularly of the ventricles, to thicken; apart
from that, necrosis of the cardiac muscle cells with sub-
sequent fibrosis can be observed. Dilatative cardiomy-
opathy is accompanied by tachyarrhythmias. Cases of
sudden death have been described. Considerable
improvement is generally achieved by the release of iron
deposits. The aetiology of cardiomyopathy can be clari-
fied by myocardial biopsy. (416, 462, 470, 482)

5. Arthropathy: Initially, the small joints (finger, toe and
wrist) are affected. Subsequently, the large joints (knee,
shoulder and hip) also become involved in the clinical
picture of arthrosis. The patients complain at an early
stage (in 30�50% of cases) of arthralgia located in the
areas described above, but there seems to be no correla-
tion with the degree of iron overload. X-ray scanning
shows subchondral cysts and sclerotic changes, narrow-
ing of the articular space, hypertrophic bone prolifera-
tions, chondrocalcinosis, and osteoporosis (particularly
when hypogonadism is present). This kind of damage in
the joints, cartilaginous parts and adjacent bones is
caused by the formation of calcium phosphate crystals
within the synovial cells, mainly due to iron-induced
pyrophosphatase inhibition. Venesection treatment has
little effect on arthropathy. (404, 474)

6. Endocrinopathy: Pronounced iron deposition can be
found in the thyroid and parathyroid glands, the anter-
ior lobe of the hypophysis and the adrenal cortex. Tes-
ticular atrophy is caused by insufficiency of the anterior
lobe of the hypophysis, particularly since only a small
(perivascular) amount of iron, or no iron at all, is depos-
ited in the testes. Hypogonadism (loss of libido, men-
strual disorders, impotency) may regress after the
removal of iron deposits. In addition, signs of hypo-
thyroidism, hypoparathyroidism and slight insufficiency
of the adrenal cortex are found. Biochemical evidence
showing decreased serum values of the relevant hor-
mones (gonadotropins, testosterone, oestrogens, aldo-
sterone, thyroid hormones) may provide an overview of
the underlying endocrinopathy. Gynaecomastia has not
been observed. (419, 445)

Laboratory findings

There are many reasons why laboratory parameters of
iron metabolism may deviate from normal values; they
should always be checked to facilitate the differential
diagnosis of HC or of acquired haemochromatosis and
haemosiderosis. • In cases of HC, there are various devi-
ations from normal values. (406, 410, 417, 458, 467) (s.
tab. 31.18)

The determination of serum iron concentration often
shows normal values over a long period of manifest HC.
In suspected HC, repeated examinations may be neces-
sary due to daily fluctuations and circadian rhythms in
the serum iron concentration as well as in factors influ-
encing laboratory procedures. It is only in the later
course of HC that serum iron is constantly and signifi-
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cantly increased. In 1953 H. Kalk described hyper-
siderinaemia as the typical fifth cardinal symptom of
HC. • When serum iron continues to fall, liver carci-
noma can be suspected.

The determination of transferrin saturation (after 12
hours of fasting) supports a strong suspicion of mani-
fest HC when the value is > 55%, while a saturation of
> 75% is almost diagnostic proof of homozygosity. This
method is also considered to be a reliable screening test.
A value of > 55% shows a specificity and sensitivity of
92% for HC. With a value of > 50% in women and
> 60% in men, the ferritin level should be checked as
well. An increased saturation value calls for liver biopsy,
whereas a normal value requires a follow-up after 1�2
years.

The total iron-binding capacity (TIBC) of transferrin can be calcu-
lated from the transferrin concentration in µg/dl or µmol/l:
transferrin x 1.41 or transferrin x 25.2. This gives a normal value
for men of 268�436 µg/dl or 48�78 µmol/l and for women of
257�402 µg/dl or 46�72 µmol/l. • The difference between TIBC
and the amount of iron found before Fe3� and magnesium carbon-
ate are added is called free iron-binding capacity. This is the FIBC
which is possible beyond the normal saturation capacity of about
one third of the transferrin. • The transferrin saturation (in %)
can be calculated as follows: serum iron (µg/dl) x 100 divided by
transferrin (mg/dl) x 1.25. • A free IBC of � 50 µg/dl, i. e. transfer-
rin saturation of > 62%, suggests the presence of HC.

The ferritin value corresponds well to the total value of
body iron, whereby 1 µg/l ferritin is equivalent to about
7.5 mg body iron. The sensitivity of the ferritin value in
HC is 85% and the specificity is 95%. A value of > 700
µg/l points both to the presence of HC and to the devel-
opment of liver fibrosis or cirrhosis. In contrast, a nor-
mal ferritin value and normal transferrin saturation rule
out HC in about 95% of cases. (s. tab. 31.18)

Normal values Haemochromatosis

1. Serum iron
Men 59�158 µg/dl

10.6�28.3 mol/l � 180 µg/dl
� 32 µmol/lWomen 37�145 µg/dl

6.6�26.0 µmol/l

2. Ferritin
Men 35�217 µg/l

� 300 µg/lWomen 23�110 µg/l

3. Transferrin
Men 210�340 mg/dl

� 500 mg/dlWomen 200�310 mg/dl
Saturation 16�45%
Heterozygotes � 55%
Homozygotes � 70%

4. Hepatic iron index

� 2.0
iron content of the liver (µmol/g)

age (years)
�

5. Deferoxamine test
500 mg i.m./iron excretion rate � 4 mg/6 hr

Tab. 31.18: Biochemical findings in hereditary haemochromatosis
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Hypochromic anaemia with poikilocytosis may point to
disturbed erythropoiesis as a result of iron overload. •
Transferrin deficiency may, however, also be causally
related to this disease.

While the deferoxamine test (s. p. 99) is often considered obsolete,
it can nevertheless serve as another stone in the mosaic and prove
helpful in the diagnostics or follow-up of HC, since it is an iron
chelation test that is easy to apply, free of side effects and inexpen-
sive. In healthy persons, this test reveals a urinary iron excretion
of <1�2 mg; in haemosiderosis, the excreted amount is <4 mg,
and in HC >4 mg. (461)

A gastric mucosa biopsy may facilitate differentiation between HC
and secondary haemochromatosis, yet this examination is also
regarded as obsolete today. (Iron in macrophages with HC � �,
with secondary HC � ��.)

Imaging techniques

CT determination of increased liver density due to iron
overload in haemochromatosis yields values of 80�140
Hounsfield units (� white liver). The deposition of 1 g
iron causes an increase in density of 1 HU. CT densi-
tometry makes it possible to monitor the course of the
blood-letting therapy. (463) (s. p. 173) • In MRI, a
haemochromatotic liver appears dark grey to black (�
dark liver) due to signal loss depending on the iron
content. (s. fig. 8.8) With an iron concentration of 1 mg/
g liver tissue, accuracy is 95�100%. (405, 415, 436, 438,
450) (s. p. 177) • Both examination techniques are of
great importance in detecting liver cell carcinoma. • By
using the newly developed SQUID biosusceptimeter
(BTi ferritometer), even more reliable quantification of
liver iron is expected.

Liver biopsy and laparoscopy

Laparoscopically, a dark brown liver surface with aug-
mented fibrosis can be seen. (s. fig. 31.23) • Quantitative
measuring of iron in the liver bioptate is the most reli-
able technique for diagnosing haemochromatosis. If
possible, this kind of biopsy should be carried out under
laparoscopic guidance, and two biopsy punches should
be taken. The first sample is designed to serve as a histo-
logical specimen as well as to detect iron and iron local-
ization, while the second sample is used for quantitative
iron determination. • At the same time, the hepatic iron
index is calculated arithmetically. This index also facili-
tates the differential diagnosis of chronic alcoholic dis-
ease, which is not always an easy task, particularly at
the cirrhotic stage (index < 1.4, in HC > 2.0). (449, 481)

17.3.8 Prognosis

The following three factors are of decisive importance
for course and prognosis:

1. early diagnosis
2. consistent long-term treatment
3. close (life-long) cooperation between patient and

physician
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� Therapeutic results will be better if the morpholog-
ical damage is less severe and the other organs have
not been seriously affected. • It is necessary to regard
HC treatment as a life-long procedure requiring the
joint therapeutic involvement of the patient and the
general practitioner or specialist. (457)

Untreated HC has a slow course and follows certain
patterns in its progression; spontaneous regressions are
not to be expected. The 5-year survival rate after estab-
lishing the diagnosis is only 18%. The mean survival rate
was about 1.5 years in 1935, about 4.4 years after the
introduction of insulin treatment, and 8.2 years with
consistent venesection therapy. (484)

However, with early diagnosis and consistent treatment,
HC has a good prognosis. In a comparison of treated
versus untreated patients with HC, 5-year survival rates
of 89% (vs. 33%) or 92%, with an overall 10-year sur-
vival rate of 76% were observed. When cirrhosis was
already manifest, the survival rate was only 62% after
10 years, whereas it was 93% in non-cirrhotic patients. •
We believe that normal life expectancy is indeed a realis-
tic perspective. One of our patients died after 19 years of
consistent treatment of causes apparently unrelated to
HC.

The greater the effectiveness of iron depletion, the more
likely it is that morphological liver changes or even
fibrosis and hepatic transformation processes will be
reversed. • Portal hypertension and oesophageal varices
may regress in the same way, and a decisive improve-
ment in diabetic metabolism is often observed. One of
our patients with diabetes mellitus showed a normal diur-
nal blood sugar profile after 8 years of consistent treat-
ment, while the glucose tolerance test (monitored over
longer periods of time) only produced a moderately
pathological result. • In contrast, arthropathy appears to
be unresponsive to treatment and may cause consider-
able suffering.

The main causes of death in HC are the following devel-
opments which aggravate the clinical picture (particu-
larly when alcohol consumption is continued):

1. complicative diabetes mellitus
2. cardiac insufficiency
3. primary liver cell carcinoma
4. hepatic coma, liver failure
5. bleeding oesophageal varices
6. intercurrent infections
7. acute abdomen

� The correlation between hepatocellular carcinoma and
haemochromatosis was described by M.J. Stewart in
1922. Primary liver cell carcinoma is thought to be the
most common cause of death in haemochromatosis. Its
frequency is reported to range between 6�42% or
7.3�18.9% (mean value approx. 14%), i. e. the risk of
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developing liver cell carcinoma in HC is about 200 times
higher than in the normal population. Nevertheless, car-
cinogenicity is not necessarily related to the presence of
cirrhosis, nor to appropriate therapy or non-treatment
(cf. potential cocarcinogens, alcohol or hepatitis
viruses). HCC development is mainly multilocular.
Manifestation of a sarcoma has only rarely been
observed. The latency period is reported to be 20�30
years. Follow-up with sonography and AFP determina-
tion at six-month intervals is indicated. HCC can also
develop some years after complete iron depletion. Long-
term iron overload acts as a cocarcinogen, apparently
by way of DNA impairment. (412, 413, 423, 430, 432, 435,
441, 446, 455, 479)

� In HC, the frequency of extrahepatic carcinoma may
also be increased: in one Italian study, the figure was
3.7%. This correlation, which has also been assumed by
other authors, raises the question as to whether there
are additional cocarcinogenic factors, such as alcohol
or hepatitis viruses. (475) • It is a striking feature that
alcoholism is much more frequently observed in patients
with HC than in people suffering from liver cirrhosis or
from hepatic carcinoma of different genesis. • It is also
remarkable that prevalence of HBsAg and anti-HCV is
two and three times higher respectively in HC patients
than in the normal population. Presumably, the func-
tion of the immune system is blocked by iron. This
would help to explain the high carcinoma rate in
patients with HC, due to the procarcinogenicity of HBV
and HCV on the one hand and of iron on the other
hand. • In cases of iron overload, yersiniosis should also
be considered as a typical concomitant infection, possi-
bly with the development of liver abscesses: iron is of
exceptional importance for the metabolism of yersinia
and to a considerable extent conducive to their growth.
(401, 480) (s. p. 476)

17.3.9 Treatment

The paramount aim of treatment is to reach a negative
iron balance. This must be achieved before complica-
tions due to the chronic iron overload have their effect
on the predisposed organs. • The extreme uncontrolled
increase in iron absorption is treatable by adjuvant meas-
ures, albeit with limited success.

Venesection treatment

Venesection treatment (W.D. DAVIS et al., 1950) is the
method of choice; it is the most effective therapy. Blood-
letting of about 500 ml blood frees the body of some
250 mg iron. With an average accumulation of > 25 g
iron, weekly venesection should be considered over a
period of at least 2 years. • In patients with haemochro-
matosis (without simultaneous anaemia), blood-letting
of 500 ml is carried out once a week until the serum
ferritin value has normalized. Experience shows that the
de-ironing of the body using this technique takes about
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18 months. Blood-letting is well-tolerated, and the
patient’s physical capacity is usually not affected. In
general, the haemoglobin value does not fall below 12g/
dl. • By the time the respective blood values (ferritin level
and transferrin saturation) normalize, a considerable
quantity of iron has been discharged. At this stage,
blood-letting can be reduced to 2�3 times per 3 months,
provided the ferritin value and transferrin saturation
continue to remain within the normal range. Subse-
quently, 3�4 venesections per year usually suffice in
order to maintain the iron balance. • Plasmapheresis is
not required, since the plasmaproteins removed by
blood-letting are easily replaced by the organism.
Nevertheless, in isolated cases, plasmapheresis may
become necessary due to a cirrhosis-induced decrease in
protein synthesis. The haemoglobin content should not
(or only for a short period of time) fall below 11.5�12.0
g/dl, and the protein concentration should not fall
below 6.0 g/dl. (406, 417, 420, 429, 445, 452, 458, 467) The
number of venesections per year required to maintain the
iron balance must be adhered to lifelong. Blood-letting
therapy must never be discontinued!

Deferoxamine

This specific iron-chelating agent is obtained from acti-
nomyces cultures. In a dose of 1.5 g, it is capable of
mobilizing about 25 mg iron, i. e. the same amount as
during a 500 ml venesection. • An indication may be
given, even if only temporarily, when blood-letting can-
not be carried out (e. g. anaemia, cardiac insufficiency).
Deferoxamine binds iron in the tissue and in the serum;
excretion occurs via the urine and faeces. However, the
biological half-life of about 10 minutes is quite short,
i.e. after this time only half the pharmacon is still effect-
ive, but with decreasing intensity. Oral administration
is ineffective. For this reason, subcutaneous injection is
required as a slow infusion of 12 hours (using a portable
infusion pump). With a daily dose of 25�50 mg/kg BW,
removal of iron deposits will probably be successful. •
Local irritations have been observed as side effects. Ocu-
lotoxicity (initial visual loss) may be evident, depending
on the dose. Neurotoxic disturbances usually only occur
when the dose is higher than 2�3 g/day (> 90 mg/kg
BW). This type of treatment is more complicated, less
effective and much more expensive � it is intended as
an alternative only when there is no possibility of vene-
section treatment. • In the foreseeable future, we can
expect the development of other iron-chelating agents
which will meet the ideal standards: oral administration,
higher efficiency, lower costs and fewer side effects.

Adjuvant treatment measures

(1.) Low-iron nutrition is a fundamental requirement
(there is practically no iron-free form of nutrition).
However, intake of foodstuffs rich in iron is contraindi-
cated when the iron balance has to be maintained. The
iron balance is not influenced to any great extent by this
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measure, but it nevertheless has a certain effect: low-iron
nutrition corresponds to 2�3 venesections per year! •
Every kind of adjuvant therapy should be used as a matter
of principle � nothing can be said against such measures.

(2.) This is also true of the daily consumption of black
tea (1 cup with 5 g tea in the morning and at lunchtime).
Tea is deemed to be an iron-chelating agent (iron tan-
nate), which significantly reduces the resorption of iron,
particularly in a low-iron diet � with or without ascor-
bic acid or milk added. (424, 444) • We have always made
sure that these adjuvant measures are strictly adhered to.

(3.) Deferoxamine can also be used as an adjuvant agent
in the initial treatment phase to reinforce venesection
therapy. This is administered as an i.m. injection of 500
mg/week, usually by the family doctor, about 2�3 days
before blood-letting is carried out.

(4.) Abstention from alcohol is absolutely essential and
must be strictly adhered to. This is not only because of
the minor amounts of iron usually found in alcoholic
beverages, but also in order to avoid additional alcohol-
induced lipid peroxidation and further stimulation of
fibrosis already caused by iron.

(5.) The use of antioxidants is plausible from a pharma-
cological point of view, since lipid peroxidation due to
iron intake may indeed lead to further tissue damage.
(460) Silymarin (e. g. 2 x 140�170 mg), vitamin E (e. g.
100�200 mg) or β-carotene are good choices due to
their lack of side effects and plausibility of efficacy.

(6.) HC patients who are HBV-negative should be
actively immunized against hepatitis B. • As far as pos-
sible, patients should avoid any risk of HCV infection.

Normalization of the respective serum parameters,
stabilization of the body’s iron content at 3�5 g and
improvement in the organ damage are to be expected
in quite a short period of time when blood-letting
therapy (if necessary, with deferoxamine as an option
in long-term treatment) and adjuvant treatment
measures (which may serve to support or speed up
the successful outcome) are carried out consistently.
The fact that better results can be achieved if the
above-mentioned measures are applied has been
shown by several impressive and carefully conducted
studies. Therapeutic removal of iron overload is in
any case not bound to a time factor! Generally, the
faster and more constant the iron removal process is,
the better. • Hypogonadism and arthropathies are less
susceptible to treatment. Given the basic possibility
of fibrosis regression, a certain optimism in this
respect is definitely justified.

Simultaneous treatment

At the same time, consideration has to be given to the
treatment of complaints or sequelae of organic mani-
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festations, such as careful regulation of diabetes, man-
agement of cardiac insufficiency or dysrhythmia, hor-
mone substitution, pain therapy in arthropathy, etc.

Liver transplantation

In principle, the indication for liver transplantation is
limited to individual cases suitable for surgery (i. e. only
in cases of early diagnosis and appropriate treatment).
Unlike in Wilson’s disease, the genetic defect is not
removed by transplantation, and the transplanted liver
may store iron again. • Consequently, a genuine indica-
tion is only given in acute liver failure and in an oper-
able carcinoma restricted to the liver. The final stages of
cirrhosis certainly continue to justify a transplantation,
although the indication in this case is not based on HC,
but on the fact that the diagnosis was established too
late and/or that treatment was inadequate or not carried
out at all. In young men with severe iron overload, a
swift liver transplantation is always indicated. (433, 465)

A number of grave mistakes may occur in the treatment
of HC. These include:

1. delay in reaching a precise diagnosis (including
quantitative determination of iron in the liver
bioptate)

2. blood-letting therapy carried out too hesitantly
or inadequately

3. failure to carry out a family examination (prevent-
ive diagnosis)

4. merely monitoring family members who (still)
show no signs of manifest disease instead of treat-
ing them properly

18 Acquired haemochromatosis/
haemosiderosis

Acquired (“secondary”) haemochromatosis is caused by
other diseases/conditions characterized by iron overload
resulting from excessive iron storage in the organism
(e. g. due to diet, medical treatment or haemolysis). The
term acquired haemochromatosis should not be used
unless the iron content of the liver is > 0.5 g/100g wet
weight. The causes are manifold. • In these patients,
there is occasionally an HLA constellation which is
identical to that of HC or a family history of iron stor-
age. Therefore, it is postulated that these patients might
be heterozygous HC carriers or that there might be
another hitherto undetected triggering factor or a
genetic defect in addition. (s. tab. 31.17)

18.1 Alcohol abuse

The most common cause (about 30% of cases) of
hepatic siderosis is alcohol-induced liver disease. Its
aetiology is unknown. With this form of acquired iron
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deposition, the more pronounced courses are charac-
terized by stronger brownish cutaneous pigmentation,
hypogonadism, glucose intolerance and hepatomegaly
together with increased iron and ferritin values in the
serum. This results in a similar symptomatology to that
found in HC, only with a hepatic iron index clearly
below 2.0. Blood-letting therapy is successful and reli-
able within a relatively short period of time. Iron deposi-
tion occurs mainly in the Kupffer cells, while the hepa-
tocytes and the septa are largely free of iron.

18.2 Porphyria cutanea tarda

In porphyria cutanea tarda, iron deposition in the liver
is generally low to moderate, predominantly in the hepa-
tocytes of the acinar periphery. The cause is thought to
be reduced activity of uroporphyrinogen decarboxylase
resulting in decreased synthesis of porphyrin and haem.
However, this variant of hepatic siderosis only becomes
manifest as a result of various triggering factors. Treat-
ment is also based on venesection.

18.3 Blood transfusion

Transfusional haemosiderosis (R.M. Kark, 1937) can
occur following numerous blood transfusions. There are
200�250 mg iron in 500 ml (� 1 unit) blood. Thus
numerous units (more than 50�60) must be transfused
before siderin is clinically recognizable. It is initially
deposited in the RES of the bone marrow, spleen and
liver, ultimately in the hepatocytes as well.

18.4 Haemolytic anaemia

In all haemolytic anaemias, especially the genetically
related forms, siderin is firstly deposited in Kupffer cells.
The extent of siderosis depends on the duration and
severity of the haemolysis. (s. fig. 31.27) In long-term
haemolysis, iron is also stored increasingly in hepato-
cytes. In such cases, the morphological and clinical pic-
ture of haemochromatosis can develop.

Fig. 31.27: Siderosis of Kupffer cells in haemolytic anaemia (Ber-
lin blue)
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18.5 Chronic liver disease

Haemosiderosis can be found in several chronic liver
diseases, such as chronic hepatitis (especially HVC lead-
ing to a reduced response rate to α-interferon), late-
stage cirrhosis, spontaneous or surgical portal-systemic
shunts, and non-alcoholic steatohepatitis.

18.6 African iron overload

In rural sub-Saharan Africa, there is a kind of beer
which is traditionally brewed in iron vats. The daily iron
overload can amount to as much as 200 mg with mark-
edly increased iron absorption (T. H. Bothwell et al., 1965).
• Such a condition is also observed in South Africa
among the black population. Their diet consists of por-
ridge fermented in iron pots with an acid pH value (V.R.
Gordeuk et al., 1986). • In both conditions, absorption of
iron is facilitated by various factors, e. g. protein or vita-
min C deficiency, alcohol abuse, acidic diet. It has been
suggested that such iron overload is triggered by genetic
factors. (437)
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32 Cholangitis

1 Definition

The term cholangitis subsumes localized or diffuse
inflammatory changes of diverse aetiology, i. e. be-
tween the canal of Hering and the ampulla of Vater,
affecting the intrahepatic and extrahepatic bile ducts.
Cholangitis can be acute or chronic; it may originate
as a primary disease in the bile ducts or develop as
secondary concomitant cholangitis in the course of
another underlying disease. Forms of cholangitis
which exclusively affect the intrahepatic bile ducts
generally give rise to the clinical picture of liver
disease.

2 Systematics and aetiology

� The bile is sterile under physiological conditions. •
Pathophysiological events can cause asymptomatic bac-
teriocholia, which is of no clinical importance. Microor-
ganisms are verifiable in bile in 75�100% of patients
with obstruction of the large bile ducts � whereas this
applies only to 0�10% of patients with obstruction due
to pancreatic carcinoma. Diagnostic or therapeutic
endoscopic interventions in the bile ducts are often fol-
lowed by bacterial cholangitis, attributable to the im-
portation of microorganisms, particularly as a result of
a (usually temporary) hindrance of bile flow. • Cholan-
gitis caused by infection is not a separate entity.

Initially, ascending cholangitis has to be considered on
account of its pathogenetic development. This condition
originates in the gall bladder, duodenum or pancreas.
Moreover, the bile ducts are liable to infection by bacte-
ria or parasites as a consequence of cholestasis and/or
achylia. • Descending cholangitis is considered to be less
frequent, with the infection descending from a chroni-
cally infected gall bladder or from a primary infection
of the liver, for example in the case of salmonellosis. •
An infection of the bile ducts may cause pyogenic cho-
langitis, which can take an acute, relapsing or chronic
course, the latter mainly being caused by a hindrance of
bile flow. • Depending on the time taken for an obstruc-
tion to develop, obstructive cholangitis manifests as
either acute or chronic disease. In the case of obstruc-
tion, the increase in intraductal pressure (> 15�20 cm
H2O) causes a cholangiovenous or cholangiolymphatic
reflux of bacteria or endotoxins into the blood circula-
tion. As a result, signs of systemic and, in severe cases,
septic disease appear. • Toxic cholangitis may be trig-
gered by chemicals, medicaments or toxins. • Further-
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more, there is also the clinical picture of immunological
cholangitis. This form includes (1.) primary biliary cho-
langitis, (2.) primary sclerosing cholangitis, (3.) autoim-
mune cholangitis, and (4.) overlap syndromes. (s. tab.
32.1)

1. Aetiology

• Infections
� bacteria � parasites
� mycoses � viruses

• Obstruction
� benign stenoses

(stenosis of the papilla of Vater, Mirizzi’s syndrome,
postoperative strictures, chronic pancreatitis,
juxtapapillary diverticula, etc.)

� blood clots
� mycoses
� gallstones
� malignant stenoses

(histiocytosis X, Hodgkin’s disease, CCC, etc.)
� oriental cholangitis
� parasites
� suture material, clips, sponges
� highly viscous mucus

(e.g. mucoviscidosis)

• Immunological causes
� primary biliary cholangitis
� primary sclerosing cholangitis
� autoimmune cholangitis
� graft-versus-host disease
� rejection reaction
� sarcoidosis
� pharmacons

• Toxic causes
� burn injury
� cytostatics
� pharmacons

• Caroli’s disease

2. Clinical forms

• acute • non-suppurative
• chronic • suppurative
• relapsing

� asymptomatic
� symptomatic

3. Pathogenesis

• primary development
� genetic/congenital
� immunological
� toxic

• secondary development
� ascending � periductular lymphogenic
� descending � septicaemic via hepatic artery

Tab. 32.1: Classification, causes and pathogenesis of cholangitis
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3 Cholangitis
3.1 Infectious cholangitis
3.1.1 Bacterial cholangitis

Based on the number of reported cases, bacterial cholang-
itis is by far the most frequent type. It can take an acute,
relapsing or chronic course, and it may have a purulent
(pyogenic, suppurative) or non-suppurative form. • There
are four routes for bacteria, and hence infection, to
spread: (1.) ascending, (2.) descending, (3.) periductular
lymphogenetic, and (4.) in the case of sepsis, via the
hepatic artery. The condition following Billroth’s anasto-
mosis II exposes patients to a particular risk, because the
duodenal stump serves as a bacterial reservoir. Bilio-
digestive anastomoses are also regarded as risk factors.
Older people are more frequently affected by cholangitis.
In general, bacteriocholia only results in cholangitis in
the case of disrupted bile flow. (s. tab. 32.1)

In bacterial cholangitis, bile culture is positive in
90�100% of cases, whereby several species of microor-
ganisms are verifiable in 45�60%. Escherichia coli,
Klebsiella pneumoniae, Aeromonas (11), Streptococcus
faecalis and Pseudomonas are found most frequently. In
up to 10% of cases, anaerobes may be the causative
agents of cholangitis. Yersinia enterocolitica (42), Sal-
monella and tuberculosis bacilli are seen as rare causal
pathogens. • Under normal circumstances, bacteria
from the intestinal tract sometimes enter the portal
blood. Migration of microorganisms into the bile is pre-
vented by different defence mechanisms (e. g. intactness
of tight junctions, normal phagocytic function of RES
cells). Development of cholangitis is likewise impossible
in the case of normal biliary flow and normal secretion
of IgA into the bile. (7, 11, 14, 20, 33, 36, 49, 52) (see chap-
ter 24)

3.1.2 Parasitic cholangitis

Ascaris lumbricoides, Clonorchis sinensis, Lamblia
intestinalis, Fasciola hepatica, Opisthorchis felineus and
viverrini, Lymnaea trunculata, Cryptosporidium, etc.
have been identified as parasitic causes of cholangitis.
The development of cholangitis is mainly due to a hin-
drance of bile drainage. Parasites induce inflammation
and fibrosis of the bile ducts with partial or intermittent
obstruction. During their migration into the biliary tree,
parasites may physically introduce bacteria into the bile
ducts, which often leads to secondary bacterial cholang-
itis. Cholangitis induced by Opisthorchis and Clonor-
chis predisposes to cholangiocarcinoma and liver cell
carcinoma. Echinococcus cysts may break in the bile
ducts. (7, 15, 17, 51) (s. tab. 32.1) (see chapter 25)

3.1.3 Mycotic cholangitis

Various fungi have also been found to cause (obstruct-
ive) cholangitis, e. g. Cryptococcus neoformans (3), Can-
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dida (9), Microsporidium (40), Blastomyces. (43) (s. tab.
32.1) (see chapter 26)

3.1.4 Viral cholangitis

Viral cholangitis is rare. It can be caused by primary
hepatotropic viruses, such as HCV or HBV, and may
also occur in systemic viral diseases. (4) Both immuno-
competent and immunocompromised patients are
affected. The effect on the bile ducts depends mainly on
the status of the host immune system. Generally, bile
ducts of 50�70 µm diameter are targeted. The cholan-
gitic lesions can be divided in four types: granulomatous,
lymphoid, fibrous and pleomorphic (J. Ludwig et al.,
1984). It is postulated that damage to the bile duct leads
to an increase in alkaline phosphatase. • In adults, cyto-
megaly is the sole cause of viral cholangitis, especially
in the case of HIV infections (� HIV-associated cholan-
giopathy) and in patients who have undergone liver
transplantation. In the course of AIDS, biliary infec-
tions are frequently caused by opportunistic microorga-
nisms, e. g. cryptosporidiosis, microsporidiosis (2, 10, 16,
27, 40, 51) and sclerosing cholangitis. (17, 45) • ERCP is
very important in the diagnosis of HIV-associated cho-
langiopathy. In acute viral hepatitis, HCV is more fre-
quently associated with cholangitis (20�30%) than is
HBV. There is mostly evidence of lymphocytic cholan-
gitis, which is, as a rule, reversible and does not
adversely influence the course of disease or response to
therapy. The intraepithelial lymphocytes are of the T-
cell type. • During the foetal period, viral cholangitis
due to reoviruses (type 3) can cause bile-duct atresia,
which may also be the result of rotaviruses (types A and
C) and RS viruses. (see chapter 23)

3.2 Obstructive cholangitis

An obstruction in the bile ducts does not always result
in cholangitis; however, a disorder of bile drainage is
considered to be a prerequisite for the manifestation of
cholangitis. In this case, the defence system is of particu-
lar importance with regard to bacterial infections. Fur-
ther risk factors include advanced age and alcohol
abuse. The causes of obstruction are manifold, with
cholangiolithiasis being the most frequent. • An impac-
tion of a gallstone in the cystic duct or neck of the gall
bladder can narrow the choledochus, a condition known
as Mirizzi’s syndrome (P.L. Mirizzi, 1948), with subse-
quent development of obstructive cholangitis or
cholecystobiliary fistula. (13) (s. fig. 32.1)

During cholecystectomy, choledocholithiasis was found
in 12�24% of cases. A stone-free gall bladder does not
exclude cholangiolithiasis. About 80% of the bile-duct
stones are found in the choledochus, 15% in the com-
mon hepatic duct and 5% in the intrahepatic bile ducts.
In obstructive cholangitis, the recognition and removal
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Fig. 32.1: Cholesterol-calcium-pigment stone: a rare specimen
showing a striking coloured/chemical development (here: a so-
called tiger-eye stone) (at our disposal). Diagnosis: obstructive cho-
langitis due to Mirizzi’s syndrome

of the obstruction constitutes causal therapy and is de-
cisive for prognosis. (9, 15, 21, 25, 34, 35, 39, 50, 56)

Oriental cholangiohepatitis: This particular type of chol-
angitis was first described by K. Digby in 1930. It de-
velops from the formation of calcium bilirubinate
stones, especially with intrahepatic localization. It is
mainly found in China, Japan, Malaysia and Taiwan. A
nutritional cause together with a deficiency of glucaro-
1,4-lactone is assumed, so that deglucuronidated biliru-
bin precipitates. Migration of parasites, especially Asca-
ris lumbricoides, into the bile ducts is probably an ini-
tiating event. (s. fig. 25.8!) Suppurative cholangitis
develops. ERCP and MRCP are excellent diagnostic
tools for depicting and examining the biliary tree. •
Treatment consists of endoscopic stone removal, which
often has to be repeated. The insertion of an expandable
metallic stent has not proved effective in the long term.
Surgical procedures include sphincteroplasty, biliointes-
tinal bypass or hepatic resections. (6, 32, 47) • So-called
recurrent pyogenic cholangitis is thought to be identical
to oriental cholangiohepatitis. (12, 22, 26, 48, 55, 56)

3.3 Toxic cholangitis

Toxic (especially sclerosing) cholangitis (5, 8, 17�19, 24, 38,
39, 44�46) has been attributed to the effects of aromatic
amines. Likewise, this condition can be caused by
lithocholic acid. It may also be triggered by various medi-
caments acting as facultative toxins, e. g. allopurinol, anti-
biotics, carbamazepine, phenylbutazone, tolbutamide. (s.
tab. 29.6) • Such a type sometimes occurs after intra-arte-
rial administration of cytostatics (18, 19, 24, 38) and as a
result of burn injuries. (44) (s. p. 651) (s. tab. 32.4)

3.4 Clinical aspects

Acute cholangitis: The acute course is initially diagnosed
clinically. It is characterized by Charcot’s triad: (1.) sud-
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den onset of pain (epigastric, right-sided), (2.) fever (also
with shivers), and (3.) jaundice (J.M. Charcot, 1877:
“intermittent gall fever”). This triad was expanded by
B.M. Reynolds et al. (1959) to a pentad, which points to sep-
tic cholangitis: (4.) confusion, and (5.) coagulation disor-
der, occasionally with the development of disseminated
intravascular coagulopathy (DIC). The course can be
intermittent, or it may rapidly progress to sepsis with
septic shock (in about 5%). However, a severe course of
disease does not necessarily confirm the existence of sup-
purative cholangitis. In younger people, Charcot’s triad
is more clearly marked than in older patients, in whom
jaundice is absent in 20�30% of cases. The liver is
enlarged and tender upon pressure; splenomegaly is occa-
sionally found. (33, 36, 52)

Suppurative cholangitis: Pyogenic (suppurative) cholang-
itis has the most severe course with a very poor progno-
sis. In general, there is complete bile obstruction with
expanded pus-filled bile ducts (� bile-duct empyema).
Clinically, Reynold’s pentad is present in most cases.
Hepatosplenomegaly, pronounced leucocytosis and
hyperbilirubinaemia (in general > 9 mg/dl) are found.
Suspected severe or suppurative cholangitis requires
instant diagnostic measures and, on confirmation of
diagnosis, immediate therapeutic endoscopic (occasion-
ally also surgical) intervention. (11, 14, 21, 30, 31) • Severe
or suppurative cholangitis is always an emergency!

Chronic cholangitis: The symptomatology is bland �
particularly in older people. Younger people mostly suf-
fer from a chronic relapsing course. Clinical symptoms
include pain in the right upper abdomen, possibly also
inappetence and nausea as well as occasionally verifi-
able hepatomegaly. Laboratory tests provide evidence of
cholestasis with or without slight jaundice. Symptom-
free intervals and exacerbations with fever and jaundice
can alternate. • Both acute and chronic cholangitis have
a variable clinical picture with a wide spectrum of sever-
ity, including cholangitis lenta.

3.5 Morphology

Acute cholangitis: Thickened bile-duct walls with inflam-
matory infiltration as well as focal ulcerations are found
histologically. The portal fields are expanded by oedema
and reveal pericholangiolar and intracholangiolar in-
filtrations from leucocytes. Ductal tortuosity reflects
increased pressure in the biliary ducts. Periductular
abscesses can develop during the course of cholangitis. (s.
fig. 32.2)

Chronic cholangitis: This disease shows dilated, prolifer-
ated, peripherally located ductules, which contain con-
centrated bile with degenerative epithelial changes.
Large numbers of polymorphonuclear leucocytes are
verifiable in the lumen and in the bile-duct wall; leuco-
cytic infiltrations spread to the neighbouring paren-
chyma. Increasing (lamellar) periductular fibrosis and
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biliary strictures develop. (s. fig. 32.3) • Laparoscopi-
cally, progressive portal and portoportal fibrosis with
cholestasis is characteristic of the macroscopic picture
of chronic cholangitis. (s. fig. 32.4)

Fig. 32.2: Ascending, suppurative, destructive, relapsing cholang-
itis with abscess formation; the loose periportal fibre cuff (arrow)
points to previous cholangitic episodes (HE)

Fig. 32.3: Periductal, portoportal slight fibrosis. Clinically: history
of previous bile-duct inflammation (Sirius red)

Fig. 32.4: Chronic cholangitis. Periportal fibrosis; dark red/brown-
ish discolouration of the liver with greenish patches: finely nodular
surface (� scattered light reflection)
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If it is not possible to remove the obstruction and
achieve defect healing (i. e. with fibrous residues) of
the chronic (relapsing) cholangitis, the inflammatory
destruction of periportal liver parenchyma will result
in portoportal bridge formations and thus isolation
of hepatic lobules by means of connective tissue. •
Monolobular, mostly micronodular biliary cirrhosis
develops. (41, 54) (s. fig. 32.5)

Fig. 32.5: Biliary cirrhosis following chronic relapsing and abscess-
forming cholangitis; green and grey “dirty” colouration of the
deformed micronodular surface. (Chronic cholecystitis with
formation of a shrunken gall bladder)

3.6 Diagnostics

The diagnosis is initially based on detailed anamnesis
focusing on the biliary system (preceding hepatobiliary
diseases, endoscopic examinations, operative interven-
tions). Previous examination results and surgical reports
(if applicable) should be obtained. • With regard to clin-
ical findings, the liver can be enlarged and/or tender on
pressure, and jaundice may also be present. • Laboratory
investigations reveal leucocytosis with inflammation cri-
teria in the differential blood count, increased values for
the erythrocyte sedimentation rate and CRP, elevated γ-
GT, AP, LAP and bile acids, hyperbilirubinaemia, aug-
mented α2- and γ-globulins and IgM as well as increased
GPT, GOT and GDH (pointing to involvement of the
lobular periphery in the form of cholangiohepatitis).
Occasionally, the amylase value and the tumour marker
CEA 19�9 (due to cholestasis) are elevated. • Bacteri-
aemia is verifiable in 20�40% of patients during a fever
episode, with the result that an antibiogram guarantees a
more targeted therapy in these cases. • Sonography shows
dilated bile ducts; normal bile ducts, however, do not
exclude cholangitis! As a rule, the type and localization of
an obstruction are verifiable and gas can occasionally be
detected in the portal veins. Abscess foci are easily recog-
nizable. (16, 30) • Computer tomography provides valuable
evidence in difficult cases, for example in malignant
obstruction. (1, 12) More recently, good results have been
obtained by means of MRC. (26, 53) (s. p. 183)
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� Direct cholangiography by means of ERCP (s. p. 183)
and PTC (s. p. 185) is a decisive examination with very
high diagnostic reliability. However, these techniques
should be carried out under antibiotic prophylaxis, the
duration of which depends on the clinical picture. The
important factor here is the well contrasted and com-
plete visualization of the bile ducts. Using these two
methods, it is possible to implement simultaneous thera-
peutic procedures, such as decompression of bile ducts,
flushing with antibiotics, papillotomy with stone extrac-
tion, nasobiliary or bilioduodenal drainage, stent
implantation, etc. • If there is no suspicion of suppura-
tive cholangitis (which calls for immediate invasive or
surgical intervention!), antibiotic therapy for 1 (or 2)
day(s) is carried out prior to ERCP and the result
awaited, because ERCP can trigger complicative cholan-
gitis in rare cases. • An inconspicuous cholangiogram
now requires further diagnostic efforts to find the still
unresolved cause of cholangitis, such as serological ex-
amination for viruses or bacteria, evidence of parasitic
larvae or eggs in the bile or stool, autoantibodies (e. g.
AMA, pANCA), toxins and colour-encoded Doppler
sonography of the portal system.

Aerobilia may have various causes, e. g. biliodigestive
anastomosis or fistula, ERCP, cholangitis due to gas-
forming bacteria. In aerobilia, there are sonographically
echogenic, strand-like gas bubbles in the respective bile
ducts. (s. fig. 32.6)

Fig. 32.6: Aerobilia: Sonography shows echogenic, strand-like gas
bubbles in the respective bile ducts

This diagnostic programme, which has proved its
worth in the case of cholangitis, can be incorporated
into a flow diagram for the clarification of cholestasis
or jaundice. (s. fig. 13.7) The individual characteris-
tics of each case always have to be considered!

3.7 Complications and prognosis

The mild form of cholangitis frequently subsides spon-
taneously, mostly with antibiotic therapy, and can even
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be cured without morphological residues. • Severe and
progressive courses have a poor prognosis due to the
development of complications: (1.) suppurative cholang-
itis, (2.) sepsis, possibly with septic shock, (3.) DIC, (4.)
infected portal thrombosis, (5.) acute renal failure (so-
called biliorenal syndrome), and (6.) liver abscesses or
metastatic abscess formation. • However, complications
also have to be feared when using ERCP and PTC, since
the inherent risks of these invasive techniques are
greatly increased by bacterial infection of the bile duct
(e. g. phlegmon, retroperitoneal or subphrenic abscess,
pleural infection). There is a particular risk involved in
the application of contrast medium under pressure (!)
into the bile ducts, which may even result in death. •
The prognosis is based on establishing whether (1.) the
causal obstruction can be removed, (2.) decompression
of the bile ducts can be achieved, (3.) effective drainage
is guaranteed, and (4.) antibiotic therapy is effective.

3.8 Therapy

1. Standard therapy: Intensive care treatment and moni-
toring is accepted as standard therapy; complications
may appear unexpectedly and rapidly. In about 75% of
patients with mild cholangitis, therapeutic success can
be achieved by the substitution of fluid, electrolytes and
zinc as well as vitamins, glucose (possibly also amino
acids) and the (indispensable) administration of anti-
biotics. Analgesics and spasmolytics are generally neces-
sary. • In addition, the administration of fresh plasma is
recommended to stabilize haemostasis.

As long as there is no positive bacteriological result
from the bile (or blood), antibiotics are administered on
empirical and plausible principles. In this case, mezlocil-
lin or piperacillin is initially recommended, 3 x 2 (�4 or
�5) g/day, i.v. (55) These antibiotics are effective against
virtually all bacteria in acute cholangitis, since they can
reach high biliary concentrations. Once the course of
disease has entered a more severe stage, an additional
dose of tobramycin, for example, is indicated (e. g. 3 x
80 mg/day, i.v.). A septic clinical picture requires a
course of triple therapy with ureidopenicillin � amino-
glycoside (see above) � metronidazole (3 x 500 mg/
day, i.v.).

2. Invasive therapy: If clinical improvement and defer-
vescence do not occur within 12 (to 36) hours, decom-
pression of the bile ducts becomes necessary. Decom-
pression is carried out endoscopically by means of
papillotomy. Providing there are no reasons against
doing so, bile drainage should also be carried out at the
same time via a nasobiliary tube or bilioduodenal endo-
prosthesis. Early decompression is recommended with a
thrombocyte count of < 100,000/mm3 and an albumin
value of < 3.0 g/dl. (23, 29, 31, 47, 56) Under these circum-
stances, we regard the simultaneous administration of
fresh plasma as a necessity. • If the bile ducts cannot be
reached by retrograde endoscopy, PTC is available as an
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ideal alternative for decompression and drainage (and,
occasionally, antibiotic instillation). Nevertheless,
because of the bacterial (suppurative) situation, a higher
complication rate also has to be expected. (23, 37, 47) •
Surgical measures carry a substantially higher risk than
endoscopic papillotomy � drainage, which is why they
are restricted to particular situations in special cases
(e. g. Caroli’s syndrome, liver abscess). (23, 28, 48)

4 Primary biliary cholangitis (PBC)
� In 1826 P. F. Rayer reported on the peculiar appearance of
xanthelasmas and xanthomas in middle-aged women. • In 1851
T. Addison et al. assumed a correlation between skin changes
and liver disease. (58) In 1857 R. Virchow pointed to a connec-
tion between these skin changes and cholestasis and cirrhosis.
V. Hanot (1876) described the clinical picture of hypertrophic
cirrhosis with chronic jaundice. (134) S. G. Thannhauser et al.
(1938) postulated the combination of xanthomas and biliary cir-
rhosis as a separate entity. (271) In 1949 H. E. MacMahon et al.
used the term “xanthomatous biliary cirrhosis”. (193) • A
detailed description of this disease was presented by J. A. Dau-

phinee et al. (1949) (98) and E. H. Ahrens jr. et al. (1950), who
coined the term “primary biliary cirrhosis”. (60) • In 1965 the
group of H. Popper introduced the expression “chronic non-sup-
purative destructive cholangitis” (CNDC). (247)

4.1 Definition

Primary biliary cholangitis (PBC) is characterized by
chronic, non-suppurative, destructive cholangitis
(CNDC) of the small and medium-sized bile ducts
(ductule, interlobular and septal). The cause is not
yet known. • PBC proceeds slowly and does not cause
any clinical symptoms for a long period of time.
However, antimitochondrial antibodies (AMA)
already appear at the preclinical stage, which allows
a very early diagnosis to be made. During the further
course of disease, the symptoms are those of chronic
cholestasis. The final stage is characterized by the
total destruction of the bile ducts. • In the case of a
progressive (or unsuccessfully treated) course, pri-
mary biliary cholangitis gradually develops into bili-
ary cirrhosis � as is also the case with primary and
secondary sclerosing cholangitis.

4.2 Epidemiology

PBC is found in all races and social classes, although
it is virtually unknown in Africa. Its prevalence ranges
between 25�40/100,000 inhabitants (with regional
differences). The incidence is 2.7�3.5 cases per 100,000
inhabitants/year. The disease predominantly affects
women (in about 90% of cases); the prevalence among
women between the ages of 35 and 60 is >90/100,000.
PBC is nearly always witnessed in adults; it is a very
rare event in children. (97) Close relatives have a preva-
lence of 4�6%. Patients with ulcerative colitis are
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affected thirty times more frequently than the general
population. (108, 148, 188, 190, 204)

4.3 Aetiology

The aetiology of PBC is still unknown. Possible causal
factors include genetic susceptibility, infections, environ-
mental influences and immunological reactions. • Prob-
ably, there is an individual concurrence of endogenous and
exogenous factors.

4.3.1 Genetic susceptibility

Isolated instances of familial aggregation of PBC involv-
ing siblings, twins, mother and daughter or father and
daughter have been reported. The occurrence of AMA
as well as an increase in IgM and γ-GT, or deficiency
of IgA has been observed in relatives of PBC patients
(genetics? close physical contact?). It is not a hereditary
disease, however. (59, 66, 83, 85, 87, 89, 90, 117, 127, 144, 148,
163, 275)

There is a certain association with HLA, such as HLA-
DR8, -DR3, -DR4, -DPB1, -B8 or -DQB1, as well as
with the formation of isohaemagglutinins � but not
with the AB0 blood-group system or the Rhesus groups.
The HLA-A class 2 antigen is significant in reducing
susceptibility to and affording protection against PBC.
HLA-DR8 is deemed to be a risk factor, particularly in
the combination DR8/C4B2 and DR8/C4AQ0. (270, 278)

4.3.2 Hormone theory

� The so-called hormone theory (J. Ahlqvist, 1980) is based on the
impact of hyperoestrogenaemia on the biliary/canalicular system
and bile acid metabolism. The question of sequential causality
remains open. (quot. 75)

4.3.3 Mycotoxin theory

� The so-called mycotoxin theory (E. Kuntz, 1984) emerged from
our examinations of stools for the presence of fungi in 54 fe-
male patients. (170, 171) • Normally, the lumen of the bile capil-
laries is surrounded by a network of actin-like filaments which
radiate into the microvilli. The bile flow is essentially steered by
this network. The mycotoxin cytochalasin B (possibly also other
mycotoxins) causes loss of microvilli and dilatation of the canali-
culi (M. J. Phillips et al., 1975) � and as a result, probably also reten-
tion of leukotrienes. (see 4.3.5) Mycotoxins can penetrate the intes-
tinal mucosa and reach the liver cells through the portal vein. The
frequent evidence of antiactin antibodies in PBC patients may be
attributable to this. A (myco)toxic canalicular impairment as an
“initiator” may result in self-perpetuation in connection with
(secondary) hyperoestrogenaemia due to a (tertiary) defect in the
immunoregulatory mechanism. The formation of mitochondrial
antibodies can be induced by a mycotoxic (?) (possibly bacterial?)
antigen, which culminates in the formation of AMA with subse-
quent T-cell infiltration into the small bile ducts. Yet, the question
remained unanswered for us as to whether this applies to (1.)
markedly increased fungal colonization of the intestinal tract in
individual cases, (2.) specific fungal species, (3.) increased pervi-
ousness of the (predamaged?) intestinal mucosa with regard to
mycotoxins, or (4.) insufficient clearance function of the hepatic
RES. • We were subsequently able to confirm this marked associ-
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ation on the basis of numerous mycological stool examinations �
however, no further evidence could be obtained to substantiate our
mycotoxic hypothesis at that time. • It is of interest that AMA also
react with PDH-E2 contained in mycoses.

4.3.4 Bacterial or viral theory

� The group of U. Hopf also examined the question of an infec-
tious toxic factor, since there is a great similarity between bacterial
and mitochondrial membranes. (75, 139, 254, 261, 267, 293) Evi-
dence of so-called R forms of E. coli could be found in all PBC
patients in the stool (with no relation to the severity of cholestasis),
and A lipid could be detected very frequently in hepatocytes and
Kupffer cells. Mitochondrial antigens were present in the bacterial
wall of Enterobacteriaceae. • Evidence of AMA in tuberculosis
patients is of interest (R. Klein et al, 1993). Urinary tract infections
with E. coli may also play a role in the development of anti-M2

(A. K. Burroughs et al., 1984). • Anti-M2 has also been observed
after infections with EBV, cytomegalovirus, Salmonella sp., toxo-
plasma, Chlamidia sp. (57), etc. Hepatitis viruses may also be “ini-
tiators”. Propionibacterium acnes could be detected in granulo-
mas. • PBC is possibly caused by a coated retrovirus. This as yet
unnamed virus has been detected in the epithelia of small bile
ducts. It contains neither human nor viral DNA. Therefore, it is
deemed to be an exogenous virus. Thus antiviral treatment of
patients with PBC may be considered a new therapy option. (198)

4.3.5 Elevation of leukotrienes

Leukotrienes can form in hepatocytes, Kupffer cells and masto-
cytes. Their release, induced by endotoxins for example, correlates
with the increase in AP, LAP and γ-GT. Leukotrienes have a
marked inflammatory effect. Enhanced production together with
reduced secretion of leukotrienes into the bile can result in severe
lesions of the bile ducts. (203)

4.3.6 Increase in Mn-SOD

In PBC patients, manganese superoxide dismutase levels in the
serum were found to be increased; it is secreted in greater quanti-
ties from damaged bile-duct epithelia. Free radicals were therefore
assumed to play an aetiopathogenetic role regarding immuno-
logically induced lipid peroxidations. (229)

4.3.7 Immunologic factors

1. Antimitochondrial antibodies (AMA): D. C. Gajdusek (1957) and
J. R. Mackay (1958) were able to determine different antibodies in
the serum of patients suffering from PBC by means of a comple-
ment fixation test (CFT). (s. p. 120) • In 1965 J. G. Walker et al.
reported the occurrence of antimitochondrial antibodies in PBC
patients. (282) These were directed against the antigens of the inner
mitochondrial membrane. The antigen specific to PBC and sensi-
tive to trypsin was termed AMA-M2. The target antigen is an
enzyme complex containing pyruvate dehydrogenase, keto acid
dehydrogenase and branched chain keto dehydrogenase. In about
95% of cases, patients with PBC show a positive result. Four deter-
minants (I�IV) are attributed to M2: E2, X, E1, E3. (70, 74, 112,
137, 215, 264, 295) • The group of P. A. Berg identified an anti-M9

(1984) in PBC patients as well as a trypsin-resistant anti-M4 and
a trypsin-sensitive anti-M8 (1985). Anti-M9 was found almost
exclusively in the early stage, often in family members who did not
have an anti-M2 � as well as in female laboratory assistants in
frequent contact with AMA-positive serum. Anti-M9 is verifiable
in 10�15% of the population. (77, 285) (s. tab. 5.21) (s. p. 120) (s.
fig. 5.14) It is still not clear whether AMA-positivity is a sequela
or a pathogenetic factor of PBC. • Further AMA subgroups have
been verified: anti-M1 against syphilis (D. J. Wright et al., 1970),
anti-M3 against pseudolupus (T. J. Sayers et al., 1981), anti-M5

against collagenosis, anti-M6 against iproniacid (M. T. Labro et al.,
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1982) and anti-M7 against cardiomyopathies (R. Klein et al., 1984).
• The typical antibodies for PBC (M2, M4, M8, M9) can be com-
bined into four constellation types (A�D), which are probably of
clinical importance. The sensitivity of detection ranges between
66�96%. • However, AMA are neither species nor organ-specific.
(76, 130, 152, 163�165, 199, 236, 263) (s. tab. 5.21)

2. Other antibodies: Antinuclear antibodies (ANA) in PBC are
verifiable in 10�40% of cases. Antibodies to hepatocyte mem-
branes (LMA) are present in about 40% of PBC patients. Further-
more, antibodies to microfilaments, intermediary filaments and
microtubuli as well as to antiactin have been detected. In approx.
100% of PBC patients, antibodies against parietal cells can be iden-
tified (H. P. Wirth et al., 1994). In 25% of cases, antibodies to thyreo-
globulin have also been demonstrated. (96, 104, 149, 263, 265) (s.
tabs. 5.19�5.21)

3. Immunocomplexes: It has also been suggested that complement
activation with subsequent bile-duct lesions and an increased syn-
thesis of immunoglobulins is evoked by immunocomplexes. They
are even considered to be responsible for the formation of granulo-
mas. However, they are certainly not the primary aetiological
factors.

4. Immunoglobulin M: Virtually all PBC patients show increased
serum IgM values. This IgM differs remarkably from the IgM of
healthy persons. Elevated monomeric IgM was also detected in the
skin, in hepatocytes and in the intestinal mucosa. Enhanced IgM
serum values were likewise determined in relatives of PBC patients.
(see 4.3.1) However, there was no correlation between IgM serum
values and the tissue level values, cholestasis or morphological
changes. Progressive PBC courses result in augmented IgG as well.

5. Cellular immunoreactions: Increased IgM values are a character-
istic sign of enhanced B-lymphocyte activity, namely of an IgM-
secreting subgroup, as well as a restriction in the normal transfer
from type IgM to type IgG. Infiltrations are found in the hepatic
tissue and consist mainly of T lymphocytes (activated, cytotoxic
CD8� as well as CD4� helper cells). The portal field infiltrations
predominantly show CD4 T lymphocytes, while the ductuli are
surrounded by CD8 T lymphocytes. It is still not known which
mechanisms are responsible for the bile-duct lesions brought about
by the T lymphocytes, mainly of the CD8 type. The latter are
assumed to react with M2 antigens, which are expressed from the
ductulus cells. • So-called MHC antigens are found on the surface
of the bile-duct epithelia of PBC patients, i. e. they act as antigen-
presenting (target) cells. This leads to the stimulation and prolifer-
ation of CD4 lymphocytes. These emit cytokines, which cause a
proliferation of CD8 lymphocytes in the direct neighbourhood of
the small bile ducts. However, the bile-duct epithelial cells are also
target cells of the CD8 lymphocytes; the latter adhere to the bile-
duct epithelia due to the expression of MHC antigens and adhe-
sion molecules (ICAM), and enter the cells. Their cytotoxic impact
destroys the small bile ducts and evokes an immunological inflam-
matory process with further secretion of cytokines, which are con-
ducive to inflammation. However, with regard to cytokine pro-
duction and response in PBC, the findings are still contradictory.
Nor is it clear why these processes take place almost exclusively in
the small bile ducts. (182, 215)

6. Selenium deficiency: The trace element selenium is also obliga-
tory for the normal functioning of the immunological system.
Selenium deficiency has been proposed as one of the aetiological
factors in PBC � although this has not yet been verified.

4.4 Pathogenesis
In the pathogenesis of PBC, cellular immunoreactions, particularly
the formation of autoantibodies, are probably of greater import-
ance than humoral reactions. Due to disturbed immunoregulation,
the immune response is ineffective against both cell and humorally
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mediated cytotoxicity. On the one hand, therefore, causality is not
eliminated and on the other hand, the initial damage still has an
effect, so that the autoimmunological inflammatory reactions con-
tinue to target the organ in a self-perpetuating process. • The fre-
quent association with other autoimmunological diseases, infiltra-
tions of activated CD4 and CD8 T lymphocytes in the portal fields
and around the intralobular bile ducts as well as the expression of
antigens of the MHC class II and ICAM class I on bile-duct cells
point to the importance of autoimmunological reactions in the
pathogenesis of PBC. • The involvement of M2 antibodies in the
pathogenesis of PBC has been discussed, but seems rather unlikely.
A possible aspect would be the pathogenetic significance of AMA
through antibody-transmitted cytotoxicity and the incorporation
of complement factors. (100, 125, 144, 150)

Aetiopathogenetic hypothesis

The primary provocation of immunological phenomena
by toxins, such as mycotoxins (E. Kuntz, 1984) (170, 171),
bacteria (U. Hopf et al., 1989) (139, 261) and viral infection
(H. I. Mason et al., 1998) (198) � probably accompanied by
hormone-induced bile-duct lesions (J. Ahlqvist, 1980) �
can therefore be interpreted in terms of subsequent self-
perpetuation. The expression of relevant mitochondrial
epitopes in the small bile ducts caused by an external
antigen through molecular mimicry (M. E. Gershwin, 1991,
1997) (120, 267) may support the chronic inflammatory
process by way of autoaggression. Immunologically
induced lipid peroxidations may be significant here. (229)
Already in the year 1979, it could be demonstrated by
means of electron microscopy that mitochondria
multiply in the epithelial cells of the canaliculi of PBC
patients; this finally leads to obliteration of the affected
canaliculi. The longitudinal consolidations of intercellu-
lar gaps point like fingers to the obliterated lumen (G.
Schwalbach, 1979). • These results concurred with our
concept at that time (171) which was based on the
assumption that a primary mycotoxic factor (or molecu-
lar mimicry) constitutes an “initiator”. (s. p. 643)

4.5 Morphology

� The morphological changes in “primary biliary cir-
rhosis” (PBC) (60) were described as “chronic non-suppu-
rative destructive cholangitis” (CNDC) by the study
group of H. Popper if the stage of cirrhosis had not been
reached. (247) • The morphological classification of
PBC, first proposed by P. J. Scheuer in 1967 (252), was
modified in 1980. It differentiates four stages, which
show fluid transition: ductal phase (I), ductular phase
(II), fibrosing-cicatrizing (precirrhotic) stage (III), and
cirrhotic stage (IV). (252) • Applying this classification,
H. Popper et al. (1970) described stage I as a cholangitic
phase and stage II as a phase of ductular proliferation
� they retained the original terms for stages III and IV.
• A modified classification was proposed by J. Ludwig et
al. in 1978. (191) They used the terms: portal hepatitis
(I), periportal hepatitis (II), septal necrosis/fibrosis (III),
and cirrhosis (IV).

Electron microscopy: Focal destruction of the numeric-
ally diminished microvilli is evident. Spreading of the
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peribiliary canalicular ectoplasm is attributed to an
increase in filamentous structures. The mitochondria
within the epithelial cells of the bile ducts multiply.
Finally, the affected bile canaliculi are completely ob-
literated. • Thus it would seem that the primary damage,
which results in CNDC, actually originates from the
canaliculi (G. Schwalbach, 1979; K. Tobe, 1982). (213, 215,
294)

Stage I: Laparoscopically, the liver is of normal size and
consistency. The surface colour is reddish-brown, pos-
sibly with yellowish spots; it may even have a “tiger
skin-like” colouring. • Histologically, there is evidence
of ductular lesions similar to cholangitis as well as por-
tal and pericanalicular infiltrations (lymphocytes, histio-
cytes, plasma cells, eosinophilic leucocytes and, more
rarely, polymorphonuclear granulocytes). The portal
fields are affected regionally to different degrees and to
a variably severe extent � sometimes, they are not
affected at all. Mononuclear cells penetrate the walls of
the small bile ducts. The histiocytes can form granulo-
mas, mostly of the sarcoid type, which may also contain
Langhans’ giant cells. At first, the florid, interlobular
and septa bile-duct lesions with follicular elements only
develop focally. The liver parenchyma is hardly affected.
The lesions are distributed irregularly in the liver. There
is no evidence of cholestasis. (194, 214�216) (s. fig. 32.7)

Fig. 32.7: PBC stage I: Epithelioid cell granuloma (�) related to
a septal bile duct; focal inflammatory destruction of the bile-duct
epithelium; granuloma-like nodule of macrophages entering the lu-
men

Stage II: Laparoscopically, the liver now has a firmer
consistency (ascertained by pressure of the probe). With
the onset of cholestasis, the surface colour gradually
becomes reddish-yellow to speckled green. There are
clearly more subcapsular blood vessels. The surface is
finely rippled or granulated. (118, 184, 207) (s. fig. 32.8) •
Histologically, there is a reduction in the periductular
lesions, possibly with increasing proliferation of the cho-
langioles, and a drop in the number of portal bile ducts
(� increasing appearance of arteries without concomi-
tant bile ducts). There is often evidence of pigmentation
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and PAS-positive material in the bile-duct endothelia. A
dense collagenous fibre network develops. The liver cells
occasionally contain Mallory bodies. Activated macro-
phages cause secondary cellular necroses. Proliferation
of stellate cells and lymphocytic infiltrations develop
within the sinusoids. The inflammatory infiltrations
spread to the lobules and present as piecemeal necrosis
(� interface hepatitis). (99, 110, 199, 234, 236, 251, 256)

Fig. 32.8: Primary biliary cholangitis: Map-like marking of the
liver surface (stage I); still largely smooth surface (see light reflex),
dark red/livid blue colouring; tiger skin-like pattern in the irregular
reddish areas

Stage III: Laparoscopically, the liver has a markedly
firmer consistency; the granular, in parts finely tuberous
surface has a reddish-brown colour with greyish-green
speckling. There are noticeably more subcapsular blood
and lymphatic vessels. The first evidence of commencing
portal hypertension is found in the ligaments. The
spleen is enlarged and of a dark red colour. • Histologi-
cally, periportal scarring and the formation of fibrosis
predominate due to persistent stimulation of fibrogen-
esis. The bile ducts are greatly reduced in number, and
countless small arteries are apparent. The inflammatory
infiltrations and bile-duct proliferations gradually
become less obvious. (s. fig. 32.9) However, the different
morphological stages can overlap in the same patient.
Copper is increasingly deposited in the lysosomes
(10�60 mg/100 g/dry weight) and subsequently in the
liver, spleen and kidneys (but not in the brain). Severe
lobular central cholestasis now becomes pronounced.
Macrophages occasionally contain lipid and form pseu-
doxanthomatous cells. (s. fig. 32.9)

Stage IV: Biliary cirrhosis, also described as stage IV, is
the possible morphological final stage of PBC (or
CNDC), in which the remaining biliary ductules are
now subject to destruction, and consequently disappear.
Basically, CNDC is in itself “chronic cholangitis”. •
Laparoscopically, the liver surface shows irregular, finely
rippled, micronodular (at selective sites also macronod-
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ular) cirrhosis. The vessels are more numerous and more
clearly marked. The colour is brownish-grey to graphite-
green, in some places more distinct. There are lymph
cysts and signs of portal hypertension. • Histologically,
one can find advanced scarred septation and regenera-
tive growth in the form of a complete cirrhosis with
almost no inflammatory activity. Cholestasis is severe.
There is virtually no evidence of bile ducts; granulomas
are rare. (146, 234, 246) (s. fig. 32.9)

Fig. 32.9: Primary biliary cholangitis with cirrhotic transform-
ation. Well-rounded parenchymal residues surrounded by collage-
nous fibre tissue; hardly recognizable bile ducts in the residual
round cell-infiltrated portal fields (stages III�IV) (HE)

� Strictly speaking, the historical term primary bili-
ary “cirrhosis” (coined in 1950) (60) cannot be re-
tained for primary biliary cholangitis with all its well-
defined stages (CNDC I�III) � because there is no
sign of cirrhosis during the precirrhotic stages I�III,
and CNDC does not necessarily lead to cirrhosis. As
early as 1965, E. Rubin et al. objected to the definition
of PBC as “cirrhosis” on the grounds that it was a
“misnomer” (247). • All forms of “chronic cholan-
gitis” (e. g. obstructive, primary biliary, primary or
secondary sclerosing and immunological) may
develop into biliary cirrhosis � which can barely (or
only unreliably) be differentiated histologically and in
no way aetiologically. • It is not justified to use a
pathologically incorrect term simply because it once
became established in a historical context.

Cirrhosis is never “primary”, but always has a rela-
tively long developmental phase. Consequently, there is
no “primary” and hence no “primary biliary” cirrhosis!

4.6 Clinical courses

In general, the three morphological stages I�III (precir-
rhotic) are more or less equivalent to the clinical stages
I�III, although fluid transitions understandably exist in
each case. Stage IV (cirrhotic) would correspond to the
clinical stages IV and V. • Assignment to a particular
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disease phase also yields prognostic information. From
a clinical and morphological point of view, the division
into a precirrhotic and a cirrhotic stage is significant
(and generally adequate).

4.6.1 Asymptomatic stage (I)

In general, there is no evidence of PBC in this initial
phase. Occasionally, some patients complain of fatigue
(s. p. 235) and weakness (116, 122, 140, 240, 242) as well as
minor, short-term pruritus. (s. p. 235) • Often, an (ini-
tially inexplicable) increase in γ-GT and AP is witnessed
during investigations indicated for other reasons. The
sulphated bile acids in the serum are elevated. • If the
possibility of PBC is “taken into consideration” at this
stage, evidence of AMA, especially of the subtype M2,
can provide an early diagnosis. AMA are a very early
marker of PBC � often a long time before other labora-
tory or clinical findings become evident. (76, 77, 104, 112,
137, 149, 152, 163�165, 205, 225, 246, 260, 263, 285, 295) • How-
ever, jaundice, gastrointestinal haemorrhages, bleeding
oesophageal varices, osteoporosis and ascites have also
been reported as initial symptoms. (65, 79, 91, 124, 242, 297)

4.6.2 Oligosymptomatic stage (II)

Clinically, pruritus becomes more and more pro-
nounced, particularly at night, and is mainly localized
in the extremities and perianal region. Pruritus is often
the reason for a dermatological examination. Sub-
jectively, arthralgia and steatorrhoea may also occur.
Hepatomegaly is verifiable in about 50% of cases. The
cholestasis-indicating enzymes are elevated; this correl-
ates with the release of leukotrienes. Occasionally,
(nearly) normal values of AP are found. The metab-
olism of bile acids is disturbed. • AMA are positive (ca.
95% of cases), so that the subtype M2 can now be deter-
mined. (s. tab. 5.21) (s. fig. 5.14) There is no difference
in the frequency of AMA between men and women.
AMA are sometimes detectable also in urine, bile and
tears. About 10% of cases show no evidence of AMA.
ANA appear in 25�50% of patients as a multiple
nuclear dot type (MND-ANA) or a nuclear ring stand-
ing form. Their presence confirms an AMA-negative
PBC. Furthermore, antibodies against Escherichia coli
proteases are found in ca. 30% and a typical pANCA
in ca 15% of patients. Antibodies against parietal cells
(anti-PCA) are detectable in nearly all cases. Simultan-
eous negativity of AMA may be suggestive of an overlap
syndrome. (s. p. 660) As a rule, IgM is clearly increased.
Elevated cholesterol and reduced HDL are often found
with an additional rise in LDL. Generally, lipoprotein
X is detectable. (61, 91, 205)

4.6.3 Symptomatic anicteric stage (III)

Pruritus and scratch wounds are a major impairment in
daily life; the patients suffer enormously. With marked
pruritus, a so-called butterfly sign is sometimes found
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on the patient’s back, i. e. the area which cannot be
reached by scratching (T.B. Reynolds, 1973). (s. pp 85,
235) • Gradually, hyperpigmentation of the skin occurs
due to melanin. Hepatomegaly is verifiable in 70�80%
of cases, splenomegaly in 20%. Portal hypertension
develops, predominantly of the intrahepatic presinus-
oidal type. Xanthelasmas and xanthomas form slowly,
particularly on the lower and upper eyelids, on the ten-
dons of the extensor muscles, on the elbows and heels
as well as on the palms of the hands. (s. figs. 4.14�4.16)
Biochemistry reveals increased values of AP, LAP, γ-
GT and transaminases as well as enhanced values of
cholesterol, LDL and IgM. In some patients, consider-
able eosinophilia occurs � in correlation with the activ-
ity of mast cells in the portal field. The galactose elim-
ination capacity is reduced. Osteoporosis has reached
an advanced stage. Up to now, no factors predicting
progression from the presymptomatic to the symptom-
atic stage are known. (91, 98, 146, 157, 205, 209, 225, 246)

4.6.4 Icteric stage (IV)

Jaundice develops within 6 months in rapidly pro-
gressing forms or between 2 to 3 years after the onset
of pruritus. In general, icterus suggests transition to the
final stage. The bilirubin value mostly remains stable
below 5.0 mg/dl for months or years, while clinical
symptoms as well as hepatic erythema grow in intensity.
Dark urine and acholic stool are observed. The AP,
LAP and γ-GT levels are (noticeably or even markedly)
elevated; transaminases remain within the range of
30�100 U/l. The parameters relating to the rate of syn-
thesis (cholinesterase, Quick’s value, albumin) decrease.
The galactose elimination capacity is significantly
reduced. (244) The γ-globulins and P-III-P are elevated.
Serum copper is often increased, and copper secretion
in urine is likewise higher.

4.6.5 Final stage (V)

Clinically, morphologically and biochemically, the over-
all picture of cirrhosis prevails (in 4 years: 30�50%);
however, 20% of precirrhotic patients do not show any
progression. PBC ends fatally either due to bleeding of
oesophageal varices (50%) or liver insufficiency. This
final stage is reached after a period of 8 to 15 years
(depending on individual progression).

4.7 Complications

Owing to the greater sensitivity of PBC patients to
pharmaceutical preparations, different pharmacons, e. g.
phenothiazines, contraceptives, oestrogens and anabolic
steroids, can reinforce cholestasis and the clinical symp-
toms, thus aggravating the course of disease. • Gallstones
are frequently detectable (35�40%); as a rule, they are
pigment gallstones. Administration of clofibrate is con-
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traindicated; it gives rise to increased formation of gall-
stones due to enhanced cholesterol secretion into the
bile. • Xanthomas can lead to mechanically induced neu-
ropathy. (272) Malabsorption of fat-soluble vitamins due
to steatorrhoea resulting from bile acid deficiency
causes corresponding deficiency symptoms. (168, 257) •
Osteopathies occur in 20�60% (�100%) of cases; a
decrease in bone density may be measurable at an early
stage. Osteoporosis occurs twice as often as in the gen-
eral population. The cause is multifactorial (e. g. defi-
ciency of calcium, vitamin D and oestrogen, long dura-
tion of disease, genetic factors). Osteomalacia is less
frequent. In both forms of osteopathy, excretion of
hydroxyproline in urine is increased as a sign of the
enhanced rate of bone absorption. (78, 105, 113, 128, 129,
133, 208, 217, 228, 232) • About 20% of patients are suffer-
ing from asymptomatic urinary tract infection. Hepato-
cellular carcinoma develops in about 6% of PBC cases.
PBC may sometimes be accompanied by severe compli-
cations, leading to a poorer prognosis. (s. tab. 32.2)

1. Cholelithiasis
2. Exocrine pancreatic insufficiency
3. Hemeralopia (vitamine A deficiency)
4. Carcinoma (115)

� HCC (male > female) (147, 169, 221, 292)
� breast cancer (292)

5. Coagulopathy (vitamine K1 deficiency)
6. Paramenia
7. Osteopathy

with ostealgia, infraction of vertebral bodies,
spontaneous fractures
(predominantly in associated sprue: 5�10%)
� osteoporosis
� osteomalacia

8. Portal hypertension (65, 153)
� oesophageal varices (124, 266, 297)
� ascites
� hepatic encephalopathy

9. Renal tubular acidosis
10. Xanthomatous neuropathy (272)

Tab. 32.2: Complications of PBC (with some references)

4.8 PBC-associated immunologic diseases

Apart from complicative developments, the course of
PBC is also aggravated by associated diseases, which
occur almost exclusively as immunologic disorders.
About 25% (�40%) of all patients with PBC contract
one or more such diseases. As a result, the quality of
life is considerably impaired, further complications are
induced or reinforced, and the prognosis worsens. (s.
tabs. 32.3, 32.6)
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1. Anaemia perniciosa
2. Ankylosing spondylitis (279)
3. CREST syndrome (196, 239)

(� calcinosis cutis, Raynaud’s phenomenon, oesophageal
motility disorder, sclerodactyly, teleangiectasia)

4. Dermatitis herpetiformis (119)
5. Dermatomyositis
6. Glomerulonephritis (211, 243)
7. Grave’s disease (220)
8. Haemolytic anaemia
9. IgA deficiency (144)

10. Immunocomplex capillaritis (243)
11. Intestinal manifestations

� coeliac disease (69, 101, 119, 166, 167, 258)
� ulcerative colitis (167)
� jejunal villous atrophy

12. Lichen planus (126)
13. Lupus anticoagulant (367)
14. Lupus erythematosus (132, 142)
15. Lymphadenopathy (103, 109, 192, 230)
16. Mixed collagenosis (MCTD)
17. Myelitis (62, 248)
18. Polymyalgia rheumatica
19. Polymyositis (82)
20. Pulmonary manifestations (88, 259, 283)

� interstitial pulmonary fibrosis (286)
� granulomatous lung infiltrates
� pulmonary infiltrations
� sarcoidosis (259)

21. Retroperitoneal fibrosis (269)
22. Rheumatoid arthritis (123, 197)
23. Sclerodermia (206, 233)
24. Sjögren’s syndrome (62, 96, 104, 248, 274, 277)
25. Skin granulomas (145)
26. Teleangiectasia (135)
27. Thrombocytopenia (253)
28. Thyroiditis, hypothyroidism (96, 106)

Tab. 32.3: PBC-associated immunological diseases (with some
references)

4.9 Diagnosis

First of all, the diagnosis of PBC is based on the
patient’s discomfort in the form of fatigue, decline in
functional capacity and pruritus, all of which, however,
are uncharacteristic symptoms. PBC is verified if the
following laboratory parameters can be demonstrated:

1. γ-GT �, AP �, LAP �
2. IgM �
3. Evidence of AMA

� with subtypes (AMA profile)

The diagnosis of PBC should be supplemented by la-
boratory values, such as GPT, GOT, cholinesterase, cho-
lesterol (especially HDL fraction), LP-X and/or α-lipo-
protein, the galactose test, bilirubin as well as IgG and
electrophoresis, possibly also P-III-P and the MEGX
test. Because of their prognostic weighting, these values
(including γ-GT and AP) are considered to be the main
parameters for monitoring the course of disease and
success of therapy. Furthermore, they co-determine the
most suitable time for liver transplantation.



Cholangitis

In the first instance, morphological diagnostics is based
on laparoscopy, and, as a general principle, this method
should be used for the initial diagnosis. All essential
endoscopic findings are documented photographically.
Naturally, laparoscopy does not produce a diagnosis of
PBC, but it facilitates classification into the respective
stages I�IV. (118, 184, 207) (s. p. 645) (s. fig. 32.8) •
Targeted liver biopsy is then carried out by laparoscopy,
whereby biopsy material is taken from both the right
and left lobes of liver. The histological diagnosis of PBC
is very unreliable because of the different patterns of
morphological findings and the fact that criteria of the
various stages can coexist. Nevertheless, targeted liver
biopsy is imperative, even if the diagnosis is based upon
reliable laboratory values: it facilitates an important
additional assessment of inflammatory activity. (s. figs.
32.7, 32.9) • Ultrasound and CT do not yield any further
diagnostic information. Lymphadenopathy is frequently
present. (103, 109, 192, 230) Hepatobiliary sequential scin-
tigraphy demonstrates a 7 to 10-fold prolongation of the
excretory phase in stages III and IV. (174, 224, 256) (s. fig.
13.7) • The MRI periportal halo sign is deemed to be
highly specific for PBC. (287) • Although ERCP plays
an essential role in differential diagnosis, it cannot pro-
duce a diagnosis of PBC in itself. In the later course
of disease, the bile ducts show certain irregularities and
rarefaction (as ambiguous findings). (s. fig. 32.10)

Fig. 32.10: ERCP shows smooth bile ducts of normal calibre; in
later stages, there is rarefication of bile ducts, and certain irregular-
ities appear
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4.10 Prognosis

Life expectancy ranges from 9�15 years following the
diagnosis of PBC. The patient’s life span is thus shorter
than in the general population. The course of asymp-
tomatic PBC is variable and difficult to predict. Some
(25�35%) will never become symptomatic and others
will run a progressive downhill course. The survival time
of asymptomatic patients is generally longer than that
of symptomatic patients; about 45% of cases were still
asymptomatic at death. (242) Approximately 26% of
PBC patients developed acute liver failure; in 39% of
cases, liver transplantation could be kept until the cen-
sor date. (241) An individual prognostic assessment is
desirable for the initiation of therapeutic measures.
Indeed, several prognostic models have become estab-
lished in recent years, e. g. Mayo model for survival (E.R.
Dickson et al., 1989). (86, 125, 225, 249, 256) • Female patients
(only a very low number of males are affected) contract
PBC in middle age (between 35 and 60 years). Preg-
nancy after the onset of PBC is very rare (so far < 20
cases have been reported). (222) • An early diagnosis in
the presymptomatic or, at the latest, in the oligosympto-
matic stage offers the best prognosis. This is also true if
the stage of disease is identified at a relatively early age
(between 35 and 45 years). The AMA profile is appar-
ently of some significance in early diagnosis (s. p. 120):
in long-term follow-up over a period of up to 18 years,
the poor prognosis of patients with profile C was only
identifiable after 8�9 years, and with profile D after
6�7 years. In other studies, AMA profiles were not con-
firmed as a prognostic parameter. The profile of AMA
subtypes does not change during the course of PBC. (s.
tab. 5.21) • Those courses with less favourable prognoses
showed a greater increase in IgG values as a sign of more
distinct immunologic activity and correlated with
increased TNF. • The presence of SLA/LP antibodies
has a high specificity for the development of a second-
ary AIH overlap syndrome. (s. p. 660)

With regard to laboratory parameters, an increase in
bilirubin to > 5�6 mg/dl is considered to be an essential
prognostic factor. In such cases, the average life expec-
tancy is now less than 2 years. A decline in the synthesis
rate of the liver (cholinesterase, Quick’s value, albumin)
is usually also evident. Follow-up checks by means of
the galactose test (244) are useful. Severe cholestasis,
which can hardly or not at all be influenced, has to be
rated just as poorly in terms of prognosis as a therapy-
resistent and progressive pruritus. Increasing portal
hypertension together with its complications, e. g.
oesophageal varices, ascites and/or oedemas and hepatic
encephalopathy, point to the final stage of PBC or to
decompensated liver insufficiency. • Based on the
pattern of these prognostic factors, important decisions
can be taken with regard to drug therapy and possibly
also the date of liver transplantation. • Histological
findings are not suitable for the prognostic assessment
of PBC.
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4.11 Therapy

4.11.1 Symptomatic therapy

Pruritus: The relief or elimination of the unbearable
itching is a top priority of any symptomatic therapy. (s.
tab. 13.11) • Recommendations include: cholestyramine
(8�30 g/day, gradually increasing dosage) or cholestipol
(15�30 g/day), phenobarbital (5�20 mg/kg BW/day or
120 mg at night), naloxone (0.2 µg/kg BW/min i.v. infu-
sion or 0.4�0.8 mg i.m.), rifampicin (10 mg/kg BW/day)
(121) prednisolone (10�20 mg/day), metronidazole (3 x
250 mg/day for 1 week), antihistamines and propofol in
low doses, or ultraviolet therapy (9�12 min/day). The
success rate of rifampicin was 80%, but 10�15% of
patients suffered considerable side effects, including
oedema of the lower leg (L. Bachs et al., 1992). Ursodeo-
xycholic acid (10�15 mg/kg BW/day) proved valuable;
the success rate in stages I�II was 80�100% and in the
precirrhotic stage III 40�60%. • In persistent PBC,
there can be even more intensive pruritus despite treat-
ment with UDCA. Itching which cannot be influenced
or which becomes more intense generally points to an
unfavourable prognosis. • In a case with refractory pru-
ritus, a single MARS treatment effectively improved
itching. Repetitive procedures are necessary to sustain
this effect. (212)

Osteopathy: Prevention or improvement in osteopathy
typical in PBC can be achieved by means of UDCA. In
addition, sodium fluoride (50 mg/day), calcium (1,500
mg/day), alendronate (10 mg/day orally), and vitamin
D, e.g. 1.25 (OH)2 D3 (500�5000 units/day orally)
should be administered. Calcitonin (50 units 3�/week
i.m.) has also been used. (113) Substitution of oestrogens
is advisable for postmenopausal women. (228) • Daily
muscular activity is considered to be the most important
measure (e. g. regular physical exercise, stretching exer-
cises, purposeful swimming). Every patient should engage
in physical exercise as a daily “must”, because this is very
effective for the activation of the muscular system (s. pp
536, 732):

Twice a day, 10 to 15 slow knee-bends (� thigh
muscles), plus 10 to 15 times standing on tiptoe (�
calf muscles), plus 10 to 15 times upper arm flexing
(� biceps), plus 10 to 15 times bending from the
waist (� back muscles). This activates > 60% of the
total musculature on a daily basis without any special
effort or expense, i. e. in the home environment, “in
all weathers”. Such regular exercise is essential for
both prevention and treatment of osteopathy.

The administration of medium-chain triglycerides has a
positive influence on the malabsorption of fat when
accompanied by an adequate intake of proteins. Pan-
creas enzymes may be helpful. • Simvastatin or bezafi-
brate can be successfully used in the treatment of hyper-
cholesterinaemia. (154, 155, 172, 245) • The deficiency of
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fat-soluble vitamins (A, D, E, K), accompanied by mal-
absorption of fatty acids, is treated by i.m. administra-
tion of these vitamins as combined medication (1�2
times a month). • Zinc deficiency requires substitution
of this trace element. • The desired continuous detoxifi-
cation of the intestine can be achieved by the use of lac-
tulose.

4.11.2 Approaches to causal therapy

Drug therapy is of little help except as a form of symp-
tomatological or adjuvant treatment. Up to now, there
is no causal or specific treatment for PBC. • Several sub-
stances, also in combination, have been used and par-
tially tested in clinical studies over recent years. • The
therapeutic objectives in the choice of substances included
prevention of an autoimmunologic inflammatory process,
inhibition of fibrosis or improvement of chronic cholesta-
sis with its unfavourable consequences. (157)

Azathioprine: As early as 1967, immunosuppression was attempted
in PBC by means of azathioprine, but no positive influence on
clinical course, laboratory parameters or morphological findings
could be achieved. (111) • Subsequent studies have sometimes
yielded encouragingly good results. Side effects are rare; despite
occasional leucopenia, the risk of infection is not increased. (92)

Penicillamine: The high copper content of the liver led to the use
of this substance in PBC. No positive effect on the disease could
be ascertained. (80, 102, 218) In 46% of cases, severe side effects
forced the discontinuation of therapy. (102) In individual cases,
however, an improvement in the survival rate could be achieved
with penicillamine during the late stages of PBC. (107)

Chlorambucil: A favourable influence on laboratory parameters
and on inflammatory changes in histology was observed, but the
morphological progression of PBC was not halted. Moreover,
therapeutic use of chlorambucil is unacceptable owing to the
danger of bone-marrow toxicity. (138)

Colchicine: This substance has been used in several studies over a
period of up to 4 years (0.6�2.0 mg/day). There was an improve-
ment both in laboratory values and in the survival rate (84% vs.
69% in the placebo group) (284) as well as in the mortality rate
(21% vs. 47% in the placebo group). (156) Therapeutic efficacy was
good. Side effects, mainly in the form of diarrhoea, were minimal
(10�15%). (81, 158, 175, 298)

Prednisolone: There was no effect on laboratory values, progression
or survival rate following an initial dosage of 30 mg/day and a
maintenance dosage of 10 mg/day. Increased demineralization with
the development of osteopathy only occurred during the first few
months under high prednisolone doses. (202, 210) • In some
patients, however, a favourable effect on laboratory values and his-
tological inflammatory activity could be achieved using predniso-
lone. • This was confirmed by our own experience. (170) It is essen-
tial to keep the prednisolone dosage as low as possible � with
consistent osteopathy prophylaxis (s. p. 646). • We should have
“respect” for, but no “fear” of prednisolone.

Cyclosporine A: Cyclosporine was used for the first time by G.
Routhier et al. (1980) and by G. J. M. Alexander et al. (1984) with
encouraging results, yet with nephrotoxic side effects. In subse-
quent studies, the clinical picture and laboratory parameters as
well as histological findings also showed significant improvement.
However, an impairment of renal function and the occurrence of
hypertension have to be anticipated. (180, 189, 288)

Methotrexate: The treatment of PBC with methotrexate was
attempted for the first time by M. M. Kaplan et al. (1988): the results



Cholangitis

were encouraging, but histology was unaffected. An initial dosage
of 3 x 2.5 mg/week and a long-term dosage of 3 x 5 mg/week is
recommended. Methotrexate should only be administered during
the precirrhotic stages (I, II, II�III). (67) The hepatotoxicity of
methotrexate, depression of bone marrow and possible develop-
ment of interstitial pneumonia limit the use of this substance and
may even force discontinuation of therapy. Administration of
methotrexate led to better results regarding clinical symptoms, lab-
oratory parameters and histology compared to a second group
which received colchicine. (158)

Ursodeoxycholic acid: F. Ichida et al. (1961) and T. Naka-

hara et al. (1975) were the first to report on the efficacy
of UDCA in patients with chronic hepatitis. (s. p. 705) •
In 1988 our group demonstrated obvious (and lasting)
effects on the clinical and laboratory course with the use
of UDCA in patients with a severe form of acute viral
hepatitis B. (s. p. 437) • The first results of treatment of
primary biliary cholangitis were submitted by the group
of U. Leuschner et al. (1985). During the following years
(1986�1989), several clinically uncontrolled studies
were published, all of them confirming the success of
treatment in patients with PBC. The efficacy of hydro-
philic UDCA is mainly based on the displacement of
hydrophobic, potentially hepatotoxic bile acids. (173, 174,
296) So far, numerous clinically controlled studies
regarding the use of UDCA in PBC have been carried
out. The effects on clinical symptoms, laboratory
parameters, AMA or IgM titres and histological find-
ings ranged from good to very good, and a delayed for-
mation of oesophageal varices was witnessed. Morpho-
logical lesions were shown to remain constant over a
period of 6 years. (200) Progression was slowed down by
UDCA, even though it was not possible to cure PBC.
(176) However, contradictory results have also been sub-
mitted according to which PBC was only temporarily
influenced by UDCA, and the development of cirrhosis
could not be prevented. Nevertheless, UDCA proved to
be significantly superior to all other substances and is
now regarded as the drug of choice. The modes of
action of UDCA are considered to be choleretic, hepa-
toprotective, immunomodulatory, membrane-stabiliz-
ing, anti-apoptic and membrane transporter-influenc-
ing. • A dosage of 13�15 mg/kg BW/day is recom-
mended, divided into 3 single doses. Early commence-
ment of therapy and lifelong application (without
UDCA-free phases) are necessary! The survival rate has
improved significantly (R. E. Poupon et al., 1997). Except
for diarrhoea, no side effects are known. (63, 71�73, 95,
99, 114, 136, 141, 178, 186, 187, 201, 219, 227, 231, 235, 237, 238,
262, 270, 276, 280, 296) (s. p. 857)

Tauro-ursodeoxycholic acid: This substance (TUDCA) has a hepa-
toprotective effect, even against toxic hydrophobic bile acids. In
a dosage of 9 mg/kg BW/day, efficacy in PBC is similar to that
of UDCA.

Mycophenolate mofetil: Esterification of the immunosuppressive
agent mycophenolic acid (MMA) leads to mycophenolate mofetil
(MMF) as a prodrug with improved oral bioavailability. MMF (2
g/day) was first administered in PBC, combined with UDCA, by
E.A. Jones et al. in 1999. In a later study, they were able to confirm
their good results (based on selectively and reversibly inhibiting

651

lymphocyte function) and the safety profile of MMF in long-term
administration. (151)

� Lamivudine � zidovudine: Due to the fact that viruses are
believed to play an important role in pathogenesis, lamivudine and
zidovudine were added to the UDCA treatment which so far had
been unsuccessful. After 12 months, the majority of patients
showed a normalization of the transaminases and alkaline phos-
phatase as well as a considerable improvement in histological find-
ings. (198)

UDCA � colchicine: A combined application with colchicine was
proposed in 1992 (600 mg UDCA � 1 mg colchicine/day) since
the outcome of UDCA therapy had not been fully satisfactory.
Good results were obtained with minor side effects. In a subse-
quent study, this combination therapy showed a slight advantage
when the treatment was introduced in the early stages of PBC.
(159, 235, 255, 281)

UDCA � methotrexate: It was frequently observed that not all
patients with PBC responded to treatment with UDCA or that the
disease even progressed. Therefore, a combination with metho-
trexate (1.5 mg/week) was introduced in 1993, which produced
favourable results in some cases. (86) However, the side effects of
methotrexate were considerable. This combination did not prove
to be any more effective than UDCA alone, so that the application
of methotrexate was considered to be inadvisable. (185)

UDCA � prednisone: In 1994 F.H.J. Wolfhagen et al. suc-
ceeded in favourably influencing the course of disease
with a combination of UDCA and prednisone (10 mg/
day) in those cases which had not previously been treat-
able in a satisfactory way. (290) • The combination of
UDCA � budesonide has also proved successful. (64, 177)
Budesonide shows a 15-times higher affinity to the glu-
cocorticosteroid receptor as well as a distinct first-pass
effect of >90%. The systemic side effects are low. • In
cirrhosis, budesonide is contraindicated.

Azathioprine � prednisolone: As early as 1984, I
reported on the good results obtained in 37 female
patients (stages I�III) who had been treated with aza-
thioprine (maintenance dose 1�2 x 50 mg/day) and
prednisolone (initially 40 mg, maintenance dose 4�6
mg, intercurrently 8 mg) over a period of 2 to 13(!)
years. Later on, a maintenance dose of 50 mg azathio-
prine every second day proved sufficient. (At that time,
UDCA was not yet at our disposal.) The clinical and
biochemical values during this long period of time can
be described as good to very good; the histological
changes likewise showed significant retrogression, and
unspecific scarred residues were found. Consistent com-
pliance with adjuvant measures (nutrition, fat-soluble
vitamins, medium-chained triglycerides, muscular train-
ing) kept the side effects (osteopathy, diabetes, cataract,
changes in the blood count) acceptably low. (170)

� UDCA � prednisone � azathioprine: More recent
results presented by F.H.J. Wolfhagen et al. on the first
implementation of this triple therapy showed an impres-
sive improvement in clinical, biochemical and histologi-
cal findings. Dosage was as follows: UDCA (usual
dose), prednisone (30 mg/day, gradually reduced to 10
mg/day) and azathioprine (50 mg/day). (291)
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Prednimustine: The use of this substance (9 mg chlorambucil � 11
mg prednisolone) led to the normalization of bilirubin, IgM and
alkaline phosphatase; however, these values increased again on dis-
continuation of prednimustine. (183)

Cyclosporine � prednisolone: Good treatment results were reported
following the combined use of cylosporine (2.0�2.5 mg/kg BW/
day) and prednisolone (4�8 mg/day).

UDCA � bezafibrate: This combination treatment also proved suc-
cessful. The dose of UDCA was 600 mg/day and that of bezafi-
brate 400 mg/day over a period of 12 months. The administration
of bezafibrate alone also produced good results. (155, 172)
Recently, similar efficacy was reported in another study. (143)

UDCA � sulindac: The additional administration of sulindac, a
non-steroidal antirheumatic agent (100�300 mg/day), showed an
improvement in laboratory parameters � probably due to its
choleretic effect. (179)

Alanine: In end-stage PBC, treatment with alanine (18 g/day) led
to a remarkable improvement in jaundice, pruritus and laboratory
values. (223)

Boswellinic acids: Leukotrienes appear to play a special role as
inflammation mediators in the pathogenesis of PBC; they also cor-
relate closely with the increase in cholestasis-indicating enzymes.
Boswellinic acids are selective non-redox inhibitors of 5-lipoxygen-
ase and therefore inhibit leukotriene biosynthesis. So far, they have
not been used in PBC treatment. Based on existing pharma-
cological data, their application should now be considered.

4.11.3 Therapy concepts

The very extensive literature available on the treatment
of PBC indeed provides valuable information for devel-
oping useful therapy concepts. In this respect, the main
aim is to apply a course of drug therapy which is as effica-
cious as possible with the fewest side effects. • The
following can be considered as evidence of success: (1.)
improvement in life quality, (2.) tendency towards nor-
malization of laboratory parameters (especially of bili-
rubin), (3.) regression of the inflammatory changes in
histology or prevention of their progression, (4.) pro-
longation of life, and (5.) prolongation of the period of
time prior to liver transplantation.

� In this respect, it must be remembered, that the histo-
logical results are extremely unreliable regarding both
initial diagnosis and follow-up, because as a rule only
one biopsy sample is taken percutaneously. The rate of
error is so high in fact that the results are of little value,
and thus initial diagnosis should also include targeted
biopsy from both liver lobes by laparoscopy as well as
photographic documentation of the liver surface.

At first, symptomatic measures (s. p. 648) are required
in order to eliminate pruritus, prevent malnutrition,
counteract osteopathy by means of regular physical
exercise and eliminate the occurrence of complicative
developments. This also includes careful observation
with regard to any possible side effects of medicaments
or metabolic disorders. • The intensity of these measures
as well as the intervals between any necessary monitor-
ing measures depend on the initial findings and the in-
dividual course of disease.
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When applying the substances described above or their
possible combinations, the efficacy spectrum of the rem-
edy and the respective risk of side effects always have to
be weighed against each other. In long-term treatment,
a reduction in dosage may serve to lower the risk of side
effects while maintaining a satisfactory level of success.

1. Irrespective of PBC stage (s. pp 643, 645) and AMA
profile (s. p. 119), UDCA (13�15 mg/kg BW/day or 900
mg/day) is considered to be the drug of choice to be
applied as soon as possible and then continuously !

2. At an advanced stage (II, III) with AMA profile B,
the combination of UDCA � prednisolone (maintenance
dose 4�8 mg/day in the morning) should generally be
administered as first medication. • In the case of unsatis-
factory therapeutic results or with AMA profiles C or
D (� stages III or IV), we would recommend the add-
itional administration of azathioprine as a triple therapy.
A dosage of 1 x 50 mg (up to 2 x 50 mg) per day is
well-tolerated and, like prednisolone at this dosage, has
relatively few side effects. A maintenance dose of 50 mg
every second day may be sufficient. (170) • The immuno-
modulatory action of UDCA is thus combined with the
immunosuppressive effect of azathioprine, while the anti-
inflammatory characteristics of the steroids are also
included, i. e. the two-substance combination is extended
to a triple combination if necessary, especially in profiles
C or D.

3. Colchicine (0.6�2.0 mg/day) has relatively minor side
effects. As far as I know, the combination of UDCA �
prednisolone � colchicine has never been applied in PBC
stages II�IV or AMA profiles C and D, although this
seems plausible from a pharmalogical point of view.

In the light of current knowledge and in view of the reinforced
effect, there should be no objection to using a combination of
UDCA � methotrexate � colchicine; nevertheless, the frequency
of side effects due to methotrexate must be considered.

4.11.4 Liver transplantation

The symptomatic measures and a suitable combination
of pharmacons are primarily aimed at preventing PBC
progression and improving or even normalizing the
findings. If this is not successful, the secondary aim is
to achieve the longest possible period of time between
initial diagnosis and liver transplantation, which is the
only chance in the late stages (IV, IV�V), and hence the
therapy of choice. The optimal date depends on general
conditions, increase in the bilirubin value up to > 6 mg/
dl, but < 9 mg/dl, extent of osteopathy, onset of water
retention (oedema, ascites) and occurrence of drug-
induced side effects, all of which rule out any further
medication. If the bilirubin value is in excess of 9 mg/
dl, the patient should in any case consult a transplanta-
tion centre.

The success rate of OLT is convincing in cases of PBC.
However, consistent and regular osteopathy treatment
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during the postoperative phase, e. g. muscular training
(s. p. 587) and drug therapy, is also of great importance.
The 1-year survival rate was 93%, the 5-year survival
rate was 76%, and the 8-year survival rate was 71%.
About 80% of transplant patients become completely
rehabilitated and are able to work again. Retransplanta-
tion is necessary in 10% of patients because of a “van-
ishing bile-duct syndrome”. Most manifestations of
PBC disappear, and even a reduction in bone changes
may occur. In the first few months after LTX, osteopo-
rosis becomes far more pronounced; the loss of bone
density can be as much as 20%. There is a risk of spon-
taneous fractures. The rate of occurrence of PBC in the
graft (granulomatous bile-duct damage, ductopenia,
biliary-type fibrosis) increases with time: after 10 years,
it may be observed in 30�50% of patients. The risk
factors are unknown. Cirrhosis has only rarely been
reported. Differentiation between PBC relapse and
rejection of the transplant is very difficult, because both
present a similar morphological picture. However,
patients with PBC show an increased frequency of
chronic transplant rejection in comparison to other liver
transplantation patients. After transplantation, AMA
are still verifiable in the serum. (97, 105, 131, 160�162, 181,
250, 273, 289)

5 Primary sclerosing cholangitis

� The report by K. Delbet in 1924 is considered to be
the first observation of a sclerosing cholangitis. (325)
In 1958 J. Seymour et al. distinguished between primary
and secondary forms of the disease. (421)

5.1 Definition

Progressive, fibrous-stenosing and obliterating, pre-
dominantly segmental inflammation of the intra-
hepatic and/or extrahepatic bile ducts is described as
idiopathic PSC. The aetiology and pathogenesis of
this chronic cholestatic disease are still unknown. In
patients with a genetic predisposition, it is actually
deemed to be an autoimmune disease. The course is
slowly progressive, yet very variable and unpredict-
able. PSC is a rare condition; it is closely associated
with ulcerative colitis and less closely with Crohn’s
disease. • In general, PSC develops into biliary cirrho-
sis (s. p. 646) with corresponding complications.

5.2 Systematics

Secondary sclerosing cholangitis (SSC) is distinguished
from “classical” primary sclerosing cholangitis (PSC).
The secondary type shows clinical, morphological and
radiological findings identical to those of PSC. Manifest
SSC is irreversible. While the origin of (idiopathic) PSC
has not yet been resolved, secondary sclerosing cholang-
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itis can be attributed to various known causes. Until
its aetiopathogenesis is clarified, PSC (like PBC) should
continue to be defined as a particular form of “idio-
pathic” disease. (s. tab. 32.4)

1. Primary sclerosing cholangitis (PSC)
• cause(s) unknown

2. Secondary sclerosing cholangitis (SSC)
• mechanical causes

� choledocholithiasis � papillitis stenosans
� choledochal tumour � postoperative factors
� stricture

• infectious causes
� AIDS � mycoses
� bacteria � parasites
� immunodeficiency � viruses (cytomegaly, REO)

• toxic causes
� burn injuries � hydatidal obliteration
� ethanol embolization � pharmacons (s. tab. 29.10)

• vascular causes
� autoimmune vasculitis
� collagenoses
� cytostatics in hepatic artery
� ischaemia (shock, surgery)

• malignant causes
� CCC � Hodgkin’s lymphoma
� histiocytosis X � mastocytosis

• immunological causes
� autoimmune cholangiopathy
� sarcoidosis
� transplant rejection

(allograft rejection, graft-versus-host reaction)

• congenital causes
� Alagille syndrome
� Caroli’s disease
� congenital liver fibrosis
� cystic fibrosis
� genetic metabolic ductopenia
� microhamartoma
� NAIC

Tab. 32.4: Causes of sclerosing cholangitis

5.3 Epidemiology

� PSC, which was seldom described in the past, has
been identified more and more frequently since the
introduction of ERCP. • The prevalence of PSC is esti-
mated at 1�5/100,000 inhabitants. About 70% of
patients are males; they are affected twice as often as
females. People aged between 25 and 45 years are most
often affected. (318) PSC in childhood is a rarity. How-
ever, isolated cases have been diagnosed even at the neo-
natal stage. (329, 334, 336, 339, 372, 413, 423, 426, 440, 446) •
There is a close association with simultaneous chronic
inflammatory bowel disease (60�75%, up to 100%),
whereby ca. 80% of cases involve ulcerative colitis, and
only 10�15% Crohn’s disease. PSC without concomi-
tant CIBD affects mostly women. (s. p. 653) Smokers
contract ulcerative colitis and PSC far less frequently
than non-smokers (4% vs. 70%). (381) Perinuclear anti-
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neutrophilic cytoplasmic antibodies (pANCA) can also
be detected in healthy members of the PSC patient’s
family.

5.4 Aetiopathogenesis
� A genetic disposition is assumed for the occurrence of PSC. This
idea is supported by the fact that the disease has often been
observed in certain races or families. (358, 366, 410)

HLA haplotypes: Frequent associations with special HLA haplo-
types point to a specific immunological disposition in patients:
HLA-B8 (60�80%), HLA-DR3 (25�70%) and HLA-DRw52a
(100%) (the last-mentioned is said to be highly specific to PSC).
HLA-DR2 is determined in up to 70% of HLA-B8-negative and
HLA-DR3-negative patients. An association with HLA-DR4,
HLA-DRb12, HLA-Drw17, HLA-Cw7, HLA-DQw2, HLA-A1
and HLA-DW has also been demonstrated. The discrepancy in
findings may result from regional, individual, methodological and
age differences within the patient cohorts. (315, 327, 390, 409) • A
further specific feature is the aberrant expression of blood group
antigens (A and B) on bile-duct epithelial cells and colon mucosa
cells.

Cellular immunity: The decline in T lymphocytes resulting from a
drop in the number of CD8� suppressor cells points to pre-existing
cellular immunity (increase in the quotient CD4� : CD8�), as does
a rise in B lymphocytes (with an increase in T lymphocytes in the
portal fields); an inhibition of leucocyte migration was likewise
found. D. H. Adams et al. (1991) identified an elevated expression of
the ICAM 1 on the bile-duct epithelia.

Humoral immunity: Indicators of the existence of humoral immu-
nity are: hypergammaglobulinaemia with a predominance of IgM
antibodies (321, 436); evidence of circulating immunocomplexes
(>80% of cases), also in the bile; activation of the complement
system. (420) • Antibodies were found with the following preva-
lence: SMA (< 1:80) (60%), anticolon antibodies (60%) and ANA
(<1:80) (35%). (386, 448) The detection of these antibodies did
not correlate with disease activity.

pANCA: The perinuclear antineutrophilic cytoplasmic antibodies,
particularly types IgG1 and IgG3, are important. (328, 367, 380,
388, 403, 419, 448) (s. pp 120, 654) (s. tab. 5.20)

ARP: An anti-ribosomal P antibody was recently reported to be
present in 80% of PSC patients.

It is still unclear whether these findings constitute disor-
ders of pathogenetic relevance or immunological epi-
phenomena. Yet there is every reason to believe that
PSC is an autoimmunological disease, which is triggered
or initiated by different agents (e. g. toxins, infections
(407), viruses) in predisposed patients and in cases of
reduced barrier function of the gut. • Due to increased
permeability of the mucosa in CIBD, endotoxins reach
the liver via the portal vein. However, it has not been
confirmed that endotoxins are in any way pathogenetic.
It is significant that the morphological changes are
(apparently) predominantly segmental, even though
immunological reactions are, in fact, systemically dis-
turbed. • Ulcerative colitis and other inflammatory
bowel diseases are of no primary pathogenetic import-
ance. A connection with vascular components (e. g.
association of PSC with periarteriitis nodosa) is
unlikely. Furthermore, a disorder of copper metabolism
does not play any pathogenetic role.
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5.5 Morphology

� However important the liver biopsy sample may be
for the characterization of PSC (or PBC), the assess-
ment of each individual finding can be problematic: liver
changes often show a focal arrangement, while portal
and lobular lesions can vary in degree; the signs of dam-
age frequently overlap, depending on the stage of dis-
ease. Furthermore, no histological picture typical of
PSC exists. In 25�50% of biopsies, no findings pointing
to PSC are detected at all; in 40%, histology is generally
decisive, but with almost the same frequency even stages
III and IV were not recognized. • Laparoscopically,
stages I and II display a liver surface which is still
smooth. To an increasing degree (stages II, II�III),
finely structured fibrosis as well as greyish-green macu-
lation can be identified. • The terminal stage is charac-
terized by mixed-nodular biliary cirrhosis of a greyish-
green to dirty grey colour. Liver biopsy, which is always
regarded as a necessity, should be carried out as a
targeted procedure during laparoscopy when establish-
ing the initial diagnosis; in fact (as is the case with
PBC), samples should be taken from both liver lobes in
order to increase diagnostic reliability. (s. p. 646) The
surface structure of the liver must be described in detail
and documented by means of photographs. (s. fig.
32.11)

Fig. 32.11: Primary sclerosing cholangitis following cholecystec-
tomy (due to involvement of the gall bladder); distinct periportal
fibrosis with initial surface roughness

The biliary ducts are affected intrahepatically in 20%,
intra- and extrahepatically in 70�75% and extrahepati-
cally in 5% of cases. Differentiation between “large-
duct” and “small-duct” PSC by means of ERC or MRC
may also be of importance. • Small-duct PSC (termed
pericholangitis by A. Wee et al., 1985) is a variant of PSC
involving only the small bile ducts. Probably, it is an
early stage of PSC. It cannot be demonstrated by means
of ERC. Marked cholestasis is evident. Prognosis is
better than in large-duct PSC. (304, 382, 383, 391)
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Stage I: The portal stage is characterized by a widening
of the portal field as a result of proliferations of the
interlobular bile ducts, by formation of connective tissue
and periductal oedema as well as by portal infiltrations
(so-called portitis � cholangitis). The bile-duct ephi-
thelia show degenerative and atrophic changes, and even
cell necrosis. Occasionally, bile-duct ectasia is evident.
(s. fig. 32.12) (349, 388, 405, 439)

Fig. 32.12: PSC: periductal fibrosis and inflammatory infiltration;
aneurysmal bile-duct ectasia (HE)

Stage II: The periportal stage presents an encroachment
of the inflammatory changes on the parenchyma with
piecemeal necrosis; connective tissue proliferations also
break into the lobule (so-called periportal hepatitis �
fibrosis). Liver cell necroses are also found sporadically,
whereby CD4 cells, CD56-NK cells and lymphocytes
are markedly increased. In places, reduction in and
fibrosis of bile ducts are already in evidence. (s. fig.
32.13) (335, 349, 384)

Fig. 32.13: PSC: marked concentric fibrosis around a septal bile
duct as well as slight periportal inflammation (HE)

Stage III: The septal stage displays periportal and bridg-
ing necrosis as well as an increasing loss of bile ducts
with a simultaneous decline in portal inflammatory
infiltrations. Dense concentric fibrosis develops around
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the bile ducts (so-called onion-skin appearance), and a
portoportal band of connective tissue (bridging fibrosis)
is subsequently formed. Occasionally, segmental PSC is
found. (353) • MRI and CT often show a focal atrophy
of segments 2 and 3. (335, 365, 384)

� Stage IV: In this stage, biliary cirrhosis exhibits a loss
of interlobular and septal bile ducts and the formation
of regenerative nodes as well as distinct septation and
connective tissue fields. As a result of cholestasis, the
liver parenchyma contains high concentrations of cop-
per. • The extrahepatic bile ducts appear as string-like
thickened cords with a narrowing of the lumen. The
gall bladder may likewise be involved in a process of
chronic fibrosing inflammation. (314, 356, 435) (s. fig.
32.11) • Transitions between the precirrhotic stages and
biliary cirrhosis are found to be fluid in the biopsy
material, and in part overlap; occasionally, even normal
intralobular bile ducts alternate with inflammatory,
periductal infiltrations or bile-duct scleroses. The autop-
tic examination may conflict with the result of liver
biopsy. (335, 348, 364, 388, 441)

5.6 Clinical aspects

In the early stages, PSC can be clinically asymptomatic
in 10�40% of cases. Initially, laboratory tests often
reveal an inexplicable state of cholestasis by chance.
However, cases with normal alkaline phosphatase have
also been reported. (307, 351, 365, 404, 408)

The symptomatic course starts slowly, mostly with
fatigue, loss of vitality, pruritus, occasional scleral
icterus, upper abdominal pain on pressure, loss of
weight and fever. Hepatomegaly is verifiable in 50�75%
of cases; splenomegaly is less frequent. The type and
intensity of the discomfort as well as the clinical find-
ings vary remarkably from patient to patient. In general,
these symptoms have already existed for about two
years prior to initial diagnosis. (351, 375, 441) • An
increase in γ-GT and alkaline phosphatase is a first and
important sign of the existence of hepatobiliary disease.
But even in a symptomatic course, normal values of AP
have been reported. (307) This observation also confirms
the importance of determining LAP in cases of an unre-
solved increase in γ-GT and normal AP values (AP
non-response exists in 2�4% of patients with chole-
stasis!). IgM is rarely elevated. • In other patients, chol-
angitic episodes predominate in the clinical picture. • In
some cases, the diagnosis is only established in a more
advanced course of disease or even during the stage of
cirrhosis (with portal hypertension and oesophageal
varices). (317, 332, 336, 351, 355, 375, 400, 404, 418, 441, 442)

5.7 Diagnosis

The diagnosis of PSC is made on the basis of clinical,
laboratory and morphological findings as well as by
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ERCP. The main criteria of PSC are: (1.) chronic chole-
stasis (γ-GT, AP, LAP), (2.) evidence of pANCA, and
(3.) ERCP or MRC. (323, 336, 388, 404, 418, 437, 445) (s.
tab. 32.5)

I. Suggestive factors
1. Subjective discomfort
2. Men, 20 to 45 years old
3. Non-smoker
4. Association with chronic IBD
5. Increased transaminases
6. Hepato/splenomegaly

II. Definite diagnosis
1. Chronic cholestasis 3. ERCP, MRC
2. pANCA � 4. Laparoscopy,

liver biopsy

III. Supplementary findings
1. Laboratory tests

� bilirubin � � cholinesterase �
� IgM � � α-, γ-globulins �
� HLA haplotypes � CRP �, ESR �
� ANA, SMA (�) � haemoglobin �
� serum copper � � eosinophilia
� cupruria

2. Sonography, CT

Tab. 32.5: Indicative, evidential and supplementary parameters for
diagnosis of PSC

1. Association with CIBD: In 33�93% of cases (mean
value 64%), PSC is associated with a chronic inflamma-
tory bowel disease (chronic IBD). Ulcerative colitis
clearly predominates in 69�100% of cases (mean value
89%) compared to Crohn’s disease in 0�31% (mean
value 11%); however, a reversed rate of frequency
regarding these two bowel diseases with 38% vs. 56%
has also been reported. • The frequency of patients suf-
fering from PSC in chronic IBD is about 3.7% (397), in
ulcerative colitis 3.3% and in Crohn’s disease 2.5%. •
PSC can occur before the determination of chronic IBD,
after a long course of chronic IBD and occasionally
after colectomy. There is no correlation between the
degree of severity of chronic IBD and the course of
PSC. (333, 389, 391, 401, 410, 411, 431, 447) • Proctocolec-
tomy does not influence the course of PSC. (319)

2. Cholestasis: The values of γ-GT, AP and LAP are
elevated (with non-response of AP in 2�4% of cases).
Hyperbilirubinaemia is verifiable in about half the
patients at the time of initial diagnosis. Copper values
in serum and urine are elevated. (299, 345) A slight rise
in transaminases is likewise observed. The first diagnos-
tic step in determining cholestasis is sonography.

3. Sonography: Except in the late stage, there are gen-
erally no findings which point to PSC or explain the
existing cholestasis. However, there is evidence of hepa-
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tomegaly and increased reflections from dilated intra-
hepatic bile ducts as well as a thickening of the bile duct
walls; in addition, splenomegaly (385, 438) or intra-abdo-
minal lymphadenopathy (301) are occasionally found. A
nodular transformation of the liver can be detected.
Tentative diagnosis by sonography now provides the
indication for ERCP. • Compared to sonography, CT
does not offer any fundamental advantages. (369, 433)

4. ERC: This is the decisive examination for the final
diagnosis of PSC. It is carried out under periendoscopic
protection with antibiotics. Cholestasis can be acceler-
ated by ERC. Typical findings include: pearlstring-like
changes of the bile ducts with intermittent, diffusely dis-
tributed, multiple, irregular, circular strictures of dif-
ferent length (0.5�2.0 cm), with normal or only insig-
nificantly widened bile-duct segments; diverticular
sacculation of the bile ducts with or without preceding
stenosis; segmental or diffuse rarefication of the bile
ducts. Serious changes of the bile ducts are invariably
found in more advanced stages of PSC. (s. fig. 32.14)

Fig. 32.14: ERC in primary sclerosing cholangitis: irregular wall
contours, variable intrahepatic and extrahepatic duct stenoses with
prestenotic dilatations (subsequently demonstrated bile-duct carci-
noma on the basis of existing PSC)

About 80% of patients show both intrahepatic and
extrahepatic changes; in 20% of cases, only the extra-
hepatic bile-duct system is affected. The severest
changes are found in the area of the hepatic bifurcation
(differential diagnosis: Klatkin’s tumour). Distal bile-
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duct stenosis is frequent and almost characteristic. The
gall bladder can also be involved. (369, 395, 398, 431, 437)

5. pANCA: In 80�87% of cases, perinuclear antineutro-
philic cytoplasmic antibodies are demonstrable with
simultaneous PSC and chronic IBD. In PSC, detection
of pANCA is possible in only 40% of patients, but in
isolated chronic IBD in 85%. Evidence of pANCA cor-
relates not with the activity of PSC, but with chronic
IBD and portal inflammation. After colectomy or liver
transplantation, antibodies are still evident in the
serum. • pANCA are also found in AIH, PBC, LE,
rheumatoid arthritis and autoimmune glomerulonephri-
tis; cANCA can be detected in Wegener’s disease. • At
the same time, further antibodies can be identified, e. g.
ANA (6�35%), SMA (10�60%), anticardiolipin, anti-
thyroid antibodies. (303, 328, 368, 380, 388, 403, 419, 448) (s.
tabs. 5.19, 5.20) (s. fig. 5.15)

6. MRC: It is only at stages II�III, III and IV that
MRC facilitates a reliable assessment of the intra- and
extrahepatic bile ducts, whereby it is often even more
reliable than ERC. MRC cannot replace ERC in pri-
mary diagnostics of PSC, but serves as an important
supplementary examination. (306, 330, 337, 354, 395, 412)

5.8 PSC-associated diseases

Like PBC, PSC is not limited to the hepatobiliary area.
In about 25% of cases, it occurs as an independent dis-
ease; however, in more than 70% of patients, chronic
IBD exists simultaneously. • Associations with autoim-
mune diseases have been observed far less frequently in
PSC than in PBC. (s. tabs. 32.3, 32.6)

AIDS Lymphadenopathy (301)
Coeliac disease Myasthenia gravis
Collagenoses Myelopathy
Diabetes mellitus (type 1) Orbital pseudotumour
Folliculitis (360) Pulmonary fibrosis (357)
Haemolytic anaemia (392) Retroperitoneal fibrosis
Hodgkin’s disease Sarcoidosis
Hyperthyroidism (312) Sjögren’s syndrome
Lupus erythematosus (305) Vasculitis

Tab. 32.6: Autoimmunological diseases associated with PSC (with
some references)

5.9 Complications

The volume of the gall bladder is frequently increased.
(314, 435) Cholelithiasis occurs in 20�25% of patients
with PSC; in 30�35% of all cases, cholecystectomy was
already carried out prior to initial diagnosis. (s. fig. 32.1)
Choledocholithiasis (ca. 40%) is regarded as a complica-
tion of PSC or even as the cause of SSC. The following
figure shows a rare finding in the form of a staghorn
calculus taken from the bifurcation of the choledochus
and the two branches of the common bile duct (still at
our disposal). (s. fig. 32.15)
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Fig. 32.15: Staghorn calculus in the common bile duct and the
two branches of the common hepatic duct (so-called Mercedes-star
type) in primary sclerosing cholangitis

Chronic pancreatitis with typical changes in ERCP is
verifiable in 10�12% of patients; exocrine pancreas
insufficiency is rare.

PSC is considered to be a pronounced form of precan-
cerosis. The occurrence of cholangiocarcinoma must be
anticipated in 6�23% of cases (1.5% per year, i. e. 161
times higher than in healthy persons). In autopsies and
explanted livers, bile-duct carcinoma has been demon-
strated in 30�50% of cases. The frequency rate increases
with the duration of disease and the existence of CIBD.
This complicative development is suspected in cases of
rapidly progressing cholestasis. The diagnosis is difficult
to establish; in > 80% of cases, CT may yield evidence
of cholangiocarcinoma, together with findings of the
late stage of PSC. If the formula CA19-9 � (CEA x 40)
shows a value of > 400 with a sensitivity of 86%
(�100%), a CCC is to be expected. (313, 318, 320, 371, 387,
414, 422, 427) • PET is a new diagnostic procedure in this
respect. In PSC patients with colitis ulcerosa, the fre-
quency of colon carcinoma is 10 times and that of pan-
creas carcinoma 14 times higher than in healthy persons.
This requires regular coloscopy and sonography. (425)
Development of spindle cell carcinoma is extremely
rare.

Osteopathy, which is expected in chronic cholestasis and
often verifiable in PBC as well, is less frequently
detected in PSC. (302, 350) Xanthelasmas, which are prev-
alent in PBC, are likewise less common in PSC (19% vs.
3%). • The frequency of cholangitic episodes, however, is
about 7 times higher in PSC than in PBC; there is a risk
of liver abscess formation. • In PSC, hyperpigmentation
can be identified in only 25% of cases (compared to
> 50% in PBC). • Cirrhosis-related complications are
more frequent in PSC (13%) than in PBC (8%).

5.10 Course and prognosis

The natural course of PSC showed a survival rate of
65�70% after 6 years, 75% after 9 years and 30�70%
after 5 years, depending on the respective stage of PSC at
the time of diagnosis. The average survival rate was calcu-
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lated to be 12.9 or 17 and even 21 years, whereby patients
with a symptomatic course at initial diagnosis had a far
less favourable prognosis: 40�50% (�90%) of patients
who died within a 6-year period underwent a symptom-
atic course. In contrast, a 5-year survival period was wit-
nessed in 78�88% (and more) of asymptomatic patients.
In 22�60% of cases with an asymptomatic course of PSC,
a symptomatic clinical picture developed within 5 years.
Based on current knowledge, it is not possible to predict
which patients should be assigned to the risk group. (308,
317, 326, 336, 351, 375, 404, 417, 442, 445)

These greatly differing figures in the literature reflect the
fact that: (1.) due to the inexact definition of PSC, the
stage at initial diagnosis is based on different param-
eters and may vary greatly; (2.) the earlier the initial
diagnosis is established and therapy is initiated, the
more favourable the influence on survival time can be
(as is also true for PBC); (3.) monitoring and assessment
of insidious PSC is inadequate despite such means as
selected laboratory parameters, liver function tests, ERC
and histology (the last-mentioned at long intervals).
Evidence of DR4 points to rapid progression. (390) •
Pregnancy does not influence the course of PSC, nor
does PSC impair the course of pregnancy or harm the
embryo or foetus. • Any statement concerning prognosis
is dependent on the following criteria: bilirubin value
in the serum, concomitant chronic inflammatory bowel
disease, histological stage of the biopsy specimen (if
possible by laparoscopy from both the right and left
lobes), hepato/splenomegaly, duration of the symptom-
atic phase of disease and age.

� There is no standardized evaluation of the valency of
cholestasis parameters: the variations in weighting the
prognosis parameters in the scores clearly show the diffi-
culty of reliable assessment, especially as these parame-
ters are not always obtained by uniform criteria (pro-
spectively or retrospectively). However, the claim that
cholestasis parameters do not permit any prognosis to be
made must be seen as controversial. In our experience,
cholestasis-indicating enzymes and the bilirubin value as
well as GEC and the ICG tests (e.g. under UDCA or
prednisolone therapy) facilitate an evaluation of the
course of disease and provide valuable benchmarks for the
planning or postponement of invasive and surgical mea-
sures. • Knowing the “natural” history of a disease and
evaluating its course under therapeutic measures with
regular laboratory tests are the two (essential and dif-
ferent) aspects of prognostic assessment.

5.11 Therapy
5.11.1 Conservative therapy

Therapeutic measures are aimed at improving or nor-
malizing the bile flow as well as reducing inflamma-
tory tissue reactions in order to prevent the pro-
gression of biliary obstruction.
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There is no specific or causal therapy of PSC. Reduction
in or elimination of pruritus (341), elimination of malab-
sorption and, if necessary, replacement of fat-soluble vita-
mins (359), selenium (299) and zinc are the primary targets
of therapy � as in PBC. (359) (s. p. 648) • Relapsing cho-
langitis requires the administration of broad-spectrum
antibiotics; however, antibiotic prophylaxis is not indi-
cated. (316, 323, 363, 376, 388, 404, 418, 443, 445)

Therapeutic trials with D-penicillamine (e. g. 750 mg/day for three
years) did not influence the course of disease. Cyclosporine and
azathioprine were also ineffective.

Cyclosporine � prednisolone: A combination of cyclosporine and
prednisolone, however, proved to be successful. (373)

Colchicine: The positive results achieved with colchicine (377)
could not be confirmed in a subsequent study. (399)

Methotrexate: The use of methotrexate (15 mg/week) led to an
improvement in symptoms, cholestasis and histological findings.
Application is worth considering in the early phase of PSC. (362,
370) However, occasional severe side effects have to be taken into
account. (379)

Prednisolone � colchicine: A combination of both substances (10
mg plus 1.2 mg per day) led to an improvement in biochemical
findings, but no favourable long-term effect could be demon-
strated. (378)

Ursodeoxycholic acid: In 1985 UDCA was used for the
first time in PSC by the group of U. Leuschner. (s. p. 649)
Meanwhile, UDCA has proved to be the drug of choice.
Clinical symptoms (322, 394) and laboratory findings
(cholestasis, bilirubin) (310, 339, 380, 394, 428) as well as
radiological changes and histology (310) could be
favourably influenced in numerous patients. An inhibi-
tion of the expression of HLA class II antigens on hepa-
tocytes was also verified. However, long-term therapeu-
tic success has not been achieved so far. Administration
of UDCA (15�20 mg/kg BW/day) does not cause any
side effects. Due to its beneficial effect, this substance
should be used in the early phase of PSC (as in PBC),
and thereafter continuously. (347, 396, 401, 429, 430, 434)

UDCA � prednisolone: UDCA (10�15 mg/kg BW/day) combined
with prednisolone (initially about 40 mg/day, declining rapidly to
a maintenance dose of 4�6 mg/day) is worth considering in view
of the positive therapeutic effects recently reported.

UDCA � prednisolone � azathioprine: A triple therapy
comprising azathioprine (1.0�1.5 mg/kg BW/day),
prednisolone (1 mg/kg BW/day, decreasing to 5�10 mg/
day) and UDCA (500�750 mg/day) has been reported
for the first time. The (biochemical, histological, chol-
angiographic) results following an average observation
period of 41 months were promising. (416)

UDCA � methotrexate: The combination of UDCA (13�15 mg/
kg BW/day) and methotrexate (0.25 mg/kg BW/week) was ineffect-
ive, and side effects from methotrexate occurred frequently. (379)

UDCA � sulfasalazine: Using this combination as treatment, an
improvement was achieved in 3 children with PSC. (372)

Budesonide, corticosteroids (312) or pentoxifylline appear to be of
minimal, if any, benefit in PSC.
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Boswellinic acids: The previous proposal regarding Boswellinic
acids also applies to the treatment of PSC (s. p. 652), particularly
as this substance has already been used with some success in
patients with ulcerative colitis.

5.11.2 Invasive therapy

In isolated or short-length stenoses in the extrahepatic
bile ducts, palliative but nevertheless effective treatment
is possible by means of balloon dilatation and stent
insertion. Generally, balloon dilatation is preferred. Due
to the high risk of bacterial cholangitis, the stent should
not be in position for longer than two weeks. Sphinc-
terotomy may be necessary. This should precede surgical
interventions. Repeated balloon dilatation and intermit-
tent stenting may be indicated in order to bridge the
period of time prior to liver transplantation (which is
not negatively influenced as a result) and is generally
applied in older patients. These measures should be
supplemented by simultaneous administration of anti-
biotics and metronidazole as well as UDCA. (300, 308,
324, 338, 346, 361, 402, 406, 415, 424, 429, 430)

5.11.3 Surgical measures

All reconstructive or resective interventions of the bile-duct system
(as well as all abdominal operations) have the disadvantage that
subsequent orthotopic liver transplantation is rendered more diffi-
cult or even impossible. (300, 352) • Intrahepatic cholangio-
jejunostomy, the influence of which on the survival rate was not
confirmed, should also be mentioned in this respect. (340) There
is a significantly high perioperative risk with increased mortality
regarding all of these surgical interventions, particularly in the late
stages of PSC. For this reason, all possibilities of endoscopic ther-
apy should be exhausted first.

Proctocolectomy may be indicated in the individual case of severe
ulcerative colitis, but not in PSC. This operative intervention did
not lead to an improvement in PSC in any of the patients. (319)
Peristomal varicosis with a risk of haemorrhage sometimes occurs.
The infection risk is significantly increased in subsequent liver
transplantation.

Liver transplantation is the therapy of choice in the late
stage of PSC. According to existing publications, the
survival rate was: 81% or 94% after 1 year, 71% or 92%
after 2 years, 67�86% after 5 years and 70% after 10
years. It is important to determine an optimal date for
transplantation. End-to-end anastomosis of bile ducts
is often impossible if PSC affects the extrahepatic bile
ducts, which is why choledochojejunostomy has to be
carried out first in this special case. It has to be taken
into consideration that PSC reoccurred in the trans-
planted liver in 5 out of 32 patients. (343) At first, the
pANCA values decrease after LTX, but they return to
pre-transplantation levels after one year. The presence
of colon carcinoma should be excluded prior to trans-
plantation. After liver transplantation, colitis can
exacerbate, and there may also be biliary complications.
(331, 342�344, 374, 393, 427, 432, 444)
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6 Autoimmune cholangitis
� The clinical picture of autoimmune cholangitis (AIC) was
described by G. Brunner and O. Klinge in 1987. (452) All
patients were women. A genetic disposition was assumed, as
all examined daughters and one granddaughter of the female
patients had increased ANA and SMA titres as well (with
AMA negativity). Treatment with azathioprine and predni-
solone was successful.

Subsequently, this disease was also observed by others
and described as “autoimmune cholangiopathy” (451, 453,
466) or “autoimmune cholangitis”. (464, 474) AIC is not
regarded as identical either to PBC and small-duct PSC
or to AMA-negative PBC (457, 464) and idiopathic adult-
hood ductopenia. It may be a variant, i. e. a transitional
form between various autoimmune diseases, each of
which manifests in a different way. It could also be an
initial transitional stage in the early development of a
classical syndrome. (454, 457) AIC is generally considered
to be an autoimmune enigma. (460) Meanwhile, more
cases of autoimmune cholangitis have been reported.
(456, 461, 462, 467, 468, 470, 472, 473)

The distinction between primary biliary cholangitis
and primary or secondary sclerosing cholangitis by
differential diagnosis may be made substantially
more difficult at times owing to special courses of
disease, autoimmune hepatitis or overlap syndromes.

6.1 Clinical aspects

In most aspects, immune cholangitis is similar to PBC:
subjective discomfort corresponds to that of PBC, hepa-
tomegaly is generally present, all the patients are female,
the disease usually occurs after the age of 35 and there
is a genetic disposition. Coexistent ulcerative colitis is
rarely found. • Laboratory findings are similar to those
of PBC. However, the levels of cholesterol and transami-
nases are increased to a lesser extent; the values of AP
and γGT are generally higher, whereas the IgM values
are lower. AMA are negative, while ANA and SMA are
verifiable (17�71%). With the more sensitive AMA-
immune blot test, 43% of AIC patients showed positive
results. (460) Yet, ANA could also be determined in the
above-mentioned daughters (and granddaughter) who
had not been recognizably ill before (as is the case with
AMA in numerous cases of PBC). There is an associa-
tion with HLA-B8, -DR3 and -DR4. Thus the HLA
risk factors are similar to those of AIH type I and PBC,
but they differ from those of PSC. Differentiation
between AIC and PBC by means of anticarbonic anhy-
drase II (458) could not be confirmed. (450) • In histology,
and even in immunohistochemistry, immune cholangitis
can hardly be differentiated from PBC. (459) However, it
shows more substantial hepatocellular necrosis as well
as more distinct reactions of the stellate cells around the
ductuli, which proliferate into the parenchyma. •
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Immune cholangitis differs markedly from the early
forms of PSC. In particular, the fibre coats surrounding
proliferated ductuli, which are typical of PSC and which
develop early, and the PAS-positive colouring of the
basal membrane are absent. Biliary cirrhosis must be
anticipated as the final stage. (454, 469, 471) (s. p. 644) •
Therapy is with UDCA, first of all as monotherapy.
With non-responders, the additional administration of
azathioprine plus prednisolone is recommended. In
coexistent chronic IBD, the administration of mesala-
zine (5’ ASA) is indicated. Liver transplantation is
required in the individual case. (455, 461, 463, 465)

6.2 Hypothesis of autoimmune cholangitis

The question arises as to whether PBC and PSC as
well as AIC are “merely” variations (or subgroups)
which can be subsumed under the generic clinical
term autoimmune cholangitis

In fact, very similar subjective discomfort or clinical find-
ings as well as virtually identical laboratory parameters
are found. Genetic disposition is generally verifiable.
There is gender-related frequency: PBC and immune cho-
langitis are witnessed almost exclusively in women, PSC
(almost) exclusively in men. (449, 466)

Immune reactions: A further difference is found in the
variety of cellular and humoral immune reactions which
can occur in the neuroendocrinologically influenced sys-
tem. Four serological types are broadly distinguishable.
(456) • Two additional serological types may well appear
as further variants of PSC. The association of PBC and
PSC with numerous immunopathies should be noted. (s.
tabs. 22.6, 22.7, 22.8; 32.3, 32.6)

(1.) AMA � / ANA � (3.) AMA � / ANA �
(2.) AMA � / ANA � (4.) AMA � / ANA �

(5.) pANCA � / AMA �
(6.) pANCA � / AMA �

Morphology: While cellular and humoral immunity
reactions exhibit a very broad spectrum of forms of
manifestation, phenomena or epiphenomena and con-
stellation types, this is not the case with liver morphol-
ogy (which reacts in a relatively “monotonous” way).
Given a genetic or gender-related disposition, the
lesions, which seem to be primarily located either at the
canaliculi or at the bile-duct epithelia, may be triggered
by particular causal factors. The type and intensity as
well as the combination of the now developing cellular
or humoral immunity reactions influence the histological
changes at and around the bile ducts with their own
particular characteristics � yet with a certain monotony
peculiar to the biliary system. The result is “progressive
cholangitis” with variations in the fine tissue structure
in the respective morphological stages, but with the
basic tendency of autoimmune cholangitis.
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� Liver biopsy: The histological analysis of biopsy sam-
ples (which can sometimes be overrated!) should be
regarded critically in this context. It is frequently
emphasized that (1.) PBC or PSC are focally and seg-
mentally pronounced to different degrees and (2.) dif-
ferent morphological stages are recognizable at the same
time, in the same patient and in the same biopsy mater-
ial. • In addition, (1.) percutaneous biopsy can only pro-
vide biopsy material from the right lobe of liver and
only from a limited area (s. fig. 7.8), and (2.) follow-up
biopsies can only reach this particular limited area of
the liver, even if several biopsies are performed over a
number of years. Not even initial diagnosis by means
of laparoscopy and biopsy from both liver lobes can
guarantee the definitive fine-tissue classification of
autoimmune cholangitis. • It should be noted that all per-
cutaneous follow-up biopsies remain restricted to the
small liver area.

Therapy: The following therapeutic observations point
to the independent status of AIC compared to PBC and
PSC and are also suggestive of a close correlation with
AIH: (1.) good response to corticosteroid therapy (452),
(2.) tendency towards aggravation when the predniso-
lone dosage is too low (451), and (3.) successful admin-
istration of a prednisolone-azathioprine combination in
the case of relapse after monotherapy. • Thus, depend-
ing on the respective finding, prednisolone therapy or
additional administration of azathioprine is recom-
mended right from the outset. • In cholestasis, which is
generally present, UDCA is indicated in addition.

In view of the variety of possible immunological reac-
tions directed towards the canaliculi or bile-duct epi-
thelia and the difficulties involved in making a defini-
tive histological diagnosis and classification, it would
be feasible to include a so-called overlap syndrome
or conversion syndrome in the hypothesis of autoim-
mune cholangitis.

7 Overlap syndrome
Definition

There is currently no clear definition of the overlap
syndrome (OLS). It is considered to be present if
thorough assessment of biochemical, serologic, im-
munologic and histologic findings suggests the simul-
taneous occurrence of two chronic diseases in one
liver. This term was probably first used in connection
with rheumatoid diseases as “mixed connective tissue
disease” (MCTD) (H.-H. Peter, 1996). It was later
introduced in hepatology by J. Woodward et al. in
2001. The single findings may differ both qualita-
tively and quantitatively from patient to patient.
Moreover, each of the two clinical pictures may pre-
dominate alternately.
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AIH � PBC: 7�9% (475, 476, 482, 486, 492)
(type 1) 1st variant: AMA �/histology � AIH;

therefore also termed “PBC, hepatic
form” (486)

AIH � PSC: 1�6% (477�481, 483, 485, 487,
(type 1) 488, 490, 493)

Anti-ribosomal P (ARP) antibody is fre-
quently found (ca. 80%). • Recently, fur-
ther observations have been reported.

AIH � AIC: 11%
(type 1)

AIH � CAH-C: 10%
(type 2) (HCV �, ANA �, SMA �, LKM1 �)

PBC � CAH (484, 489)

The following outlier syndromes are diseases which
cannot be classified: (1.) AIC : AMA-negative PBC,
(2.) AIH : AMA-negative PBC (2nd variant of PBC),
(3.) AIH : cryptogenic CAH.

Aetiology and pathogenesis are unknown. There is
probably a genetic predisposition, whereupon OLS is
caused by one or more triggers or pathogens. Subse-
quently, it becomes self-perpetuating. One of the two
diseases of OLS is always type 1 or type 2 AIH. It is
important for diagnosis that there is a constellation
which consists of biochemical, serological, immunolog-
ical and histological findings relating to both diseases.
The prevalence of OLS in all hepatic immunopathies is
10�12%. (491, 494) • The following overlap syndromes
have been confirmed:

AIH / PBC: This form usually develops in adults only,
because children are not affected by PBC. Such an over-
lap syndrome can occur as two different variants:

Variant 1: Histology generally like AIH
AMA M2 �
IgM ��, IgG (�)
ANA, SMA less frequent than in AIH
HLA factors as in AIH

Variant 2: Histology generally like PBC
AMA �
IgM mostly lower than in PBC
ANA, SMA more frequent than in PBC
HLA factors as in AIH and PBC

Variant 2 thus corresponds to AIC. There are various
criteria pointing to the entity of AIC: IgM lower than
in PBC, GOT is higher, HLA factors differ from those
of PBC, lymphocytes in liver parenchyma express V β
5.1 Tc receptors. (472)

AIH / PSC: This form is frequently found in children
and has been adequately described. IgG are markedly
higher. ANA, SMA and pANCA correspond to those
of PSC. A typical feature is the evidence of the anti-
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ribosomal P antibody (80%). Rarely, there is an associa-
tion with CIBD. Administration of prednisolone is as a
rule contraindicated due to the danger of bacterial
cholangitis.

Cryptogenic chronic hepatitis is part of the outlier syn-
drome; it is serologically unclassifiable. The condition
of such patients is, however, similar to AIH. They often
show positive evidence of SLP.

� Regarding the therapeutic effects, it is per se unim-
portant whether the existing overlap is a coincidence, a
subsequent sequela or a real overlap syndrome: every
PBC or PSC with the criteria of AIH requires immuno-
suppressive therapy.

7.1 Conversion syndrome

Conversion syndromes are also possible: (1.) transition
of PBC into AMA-negative PBC, then into ANA-posi-
tive autoimmune hepatitis (AIH), (2.) transition of AIH
into primary sclerosing cholangitis (PSC).

A progressive course of disease results in biliary cir-
rhosis, which does not, however, reveal whether the
original diagnosis was PBC, PSC or AIH, or even an
overlap syndrome.

7.2 Therapy

In the presence of an overlap syndrome (or a conversion
syndrome), the therapy concept depends on the respect-
ive predominant component, which as a rule is AIH.
Consequently, prednisolone � UDCA or prednisolone
� azathioprine � UDCA are applied.

Therapy becomes problematic when antibodies and
markers of HCV infection are evident. It is imperative
to complete the unambiguous identification of HCV
antibodies by determination of HCV RNA. (The posi-
tivity of HCV antibodies may well be a methodologic-
ally related “false-positive” result.). If HCV RNA is
detected, i. e. in florid HCV infection, interferon therapy
(or a combination with ribavirin) should be considered.
This antiviral therapy may be indicated despite positiv-
ity of LKM 1 following critical evaluation and close-
meshed controls. There is a possibility of AIH activation
under antiviral therapy. In this case, INF therapy has to
be stopped as quickly as possible. It is not currently
known whether this risk can be avoided by simultaneous
administration of low-dose prednisolone. • The same
problem arises in the (very rare) combination of AIH
with coexistent florid HBV infection.

8 Cholangiodysplasia
8.1 Cholangiogenesis

The development of the liver begins with the formation
of the hepatic diverticulum around the 18th day of the
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embryonic growth. The initial sign of this event is a
thickening of the endoplastic epithelium in the ventral
wall of the foregut. (The foregut is the future duo-
denum.) • The hepatic diverticulum is formed in the 3rd

embryonal week (22-day embryo). It consists of a hollow
structure with a biliary and a hepatic section. Endoder-
mal cells sprout into the mesenchymal tissue of the
transverse septum from the ventral and lateral walls of
the foregut. The cranial population of these cells forms
the extrahepatic bile ducts and the liver, while the
branching canals of the omphaloenterical vein create
the sinusoids. The liver grows rapidly, whereby the
majority of progenitor cells differentiate into liver
parenchymal cells. The second population of bipotential
progenitor cells develops into biliary epithelial cells. •
From the 8th embryonic week onwards, both the hepato-
cytes and bile-duct epithelia develop in the vicinity of
the portal vein branches, whereby the ductal epithelium
is derived from hepatoblasts, i. e. hepatocytogenic origin
of intrahepatic bile ducts (A. Kölliker, 1867). These duc-
tular cells form a kind of cuff around the “portal” rami-
fications and thus create a double-layered epithelial
sleeve, the so-called ductal plate (J. A. Hammar, 1926). • As
from the 12th embryonic week, remodelling of the ductal
plate into the interlobular bile ducts takes place,
whereby surplus bile ducts are degraded. Bile secretion
commences after the 16th week. Principally, the forma-
tion of the bile ducts is completed by the 28th embry-
onic week.

However, the intrahepatic bile-duct system is indeed
still immature at birth, so that the final development
of the smallest ramifications takes place during the
first few neonatal weeks. At this stage, the intrahepa-
tic biliary system is therefore very susceptible to
noxae, which can lead to paucity or even atresia of
the bile ducts.

8.2 Definition

Cholangiodysplasia can manifest as atresia of the
intrahepatic or extrahepatic bile ducts (“vanishing
bile-duct syndrome”) as ductopenia (or paucity) due
to a marked decrease in the interlobular bile ducts
(which may occur both in infancy and in early adult-
hood) and as hypoplasia or ectasia of the bile ducts.
Destructive cholangitis (or cholangiolitis) may be an
intermediate stage in the development of ductopenia.
Fibropolycystic diseases must also be regarded as
cholangiodysplasia. • Generally, they do not appear
as a single entity, but in various combinations; they
also become manifest to a different extent.

8.3 Aetiopathogenesis

These diseases can arise as a result of (1.) genetic defects
of the ductal plate during embryonic development, (2.)
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congenital (prenatal or perinatal) disorders of the bile
ducts, (3.) genetically determined metabolic diseases,
(4.) acquired destruction of the bile ducts in later life
caused, for example, by viral, bacterial, immunological
and toxic factors, or they can arise (5.) in an idiopathic
form. Causal factors may also combine and then act
pathogenetically either at the same time or in sequence.
(s. fig. 32.16)

8.4 Ductal plate malformation

� Remodelling of the ductal plate can be arrested as a
result of a genetic defect: in this case, a cuff-shaped cav-
ity remains, which is coated with ductal cells. The portal
vessel situated in this cavity is closed and obstructed by
connective tissue. • The complete absence of bile ducts
constitutes biliary atresia. It is rarely familial. This
abnormality can commence at any time during ductal
plate development, in most cases caused by extraneous
noxae or infections. Thus atresia results from bile-duct
destruction during intrauterine development or shortly
after birth, but not from embryonic malformation of the
biliary system. Biliary atresia may be located extrahepa-
tically or intrahepatically. Generally, babies with com-
plete atresia die during the first 5 years of life.

A drastic reduction in numbers of interlobular bile
ducts is termed ductopenia (or paucity of bile ducts).
Ductopenia is considered to be present if the ratio of
interlobular ducts to the number of portal tracts is < 0.5
(normal value: 0.9�1.8), i. e. in a sufficiently large
biopsy specimen, no more than half of the portal fields
should be without a bile duct. Ductopenia can appear
as an isolated defect (non-syndromic) or in combination
with other extrahepatic (syndromic) anomalies. Non-
syndromic paucity constantly exhibits bile-duct dilata-
tion with blunting of microvilli. Idiopathic neonatal
hepatitis sometimes overlaps with non-syndromatic duc-
topenia. Children with ductopenia may survive into
adulthood. (504) (s. fig. 32.16)

8.4.1 Caroli’s disease

A characteristic finding of this rare disease (J. Caroli et al.,
1958, 1964) (501) are the saccular multifocal dilatations of
the large interlobular bile ducts. Cyst-like dilatations
communicate with the remaining bile-duct system. There
are no other morphological liver alterations. The bile
ducts contain stagnated bile and sludge, so that cholan-
gitis and intrahepatic calculi develop. This disease may
spread diffusely in the liver, but mostly the left lobe or
only a segment of the left lobe is affected. Fibroangio-
matosis of the bile ducts with cholangiolithiasis and
chronic cholangitis may develop as well as portal hyper-
tension with oesophageal varices. • Caroli’s disease has an
autosomal recessive origin. An association with congeni-
tal liver fibrosis and medullary sponge kidney has been
described. (497) About 75% of cases are men. • Diagnosis
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Fig. 32.16: Intrahepatic cholangiodysplasia � a proposed schematic classification. (NAIC � North American Indian cirrhosis in chil-
dren) (506)

is confirmed by CT scanning (by means of the character-
istic “central dot” sign) (502) and by ERC, MRC or PTC.
Hepatomegaly, abdominal pain and jaundice (in particu-
lar during cholangitis-induced fever) may be present. (497,
499, 530, 534) The development of cholangiocarcinoma is
found in about 7% of patients. • Therapy: Antibiotics are
required in cholangitis. Intrahepatic stones may be
treated with UDCA, endoscopic and surgical procedures
or extracorporeal shock wave lithotripsy. (515) Occasion-
ally, liver resection (520) or even liver transplantation is
necessary. (499, 531) (s. pp 174, 762) (s. figs. 32.16; 36.13)

8.4.2 Congenital liver fibrosis

This is an autosomal recessive condition which can
appear in a sporadic or familial form. Ductal plate mal-
formation of interlobular bile ducts has been suggested
as a pathogenetic mechanism of this disease (H. E. Mac-

Mahon, 1929; R. G. F. Parker, 1956). Histologically, congen-
ital hepatic fibrosis is characterized by dense mature
fibrous tissue of the considerably enlarged and restruc-
tured portal fields; subsequently, broad bands of con-
nective tissue surround normal lobules and connect the
portal fields with each other. These fibrous bands con-
tain partly obliterated, partly dilated bile ducts, the
latter often in the form of microcysts. (s. fig. 32.17)

Generally, the portal vein branches are hypoplastic, and
the arteries are more numerous. Both the architecture and
function are normal, but the liver is enlarged, smooth and
firm. Serum values of AP are sometimes increased. Sono-
graphically, the dense fibrous bands are seen as bright
areas of echogenicity. CT scanning may show cystic
changes, often also in the kidneys. (537) Liver biopsy is
essential for diagnosis, but laparoscopy together with
biopsy gives additional important information. This dis-
ease can take a latent course or may cause presinusoidal
portal hypertension with splenomegaly. There are associ-
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Fig. 32.17: Congenital liver fibrosis: onset of cirrhotic transforma-
tion, pathologically augmented bile-duct aggregates in portal and
septal areas (Sirius red)

ations with Caroli’s disease (497), choledochal cysts, poly-
cystic liver disease or microhamartoma. The slowly pro-
gressing destructive cholangitis leads to VBDS and
“cholangiodysplastic pseudocirrhosis”. Generally, the
kidneys are involved as renal dysplasia or renal cysts. Due
to their normal liver function, such patients are excellent
candidates for portacaval shunts if subsequent oesopha-
geal varix bleeding occurs. Hepatocellular and cholan-
giocellular carcinoma (495) as well as adenomatous hyper-
plasia (496) of the liver have been reported.

8.4.3 Childhood fibropolycystic disease

This polycystic degeneration is an inherited autosomal
recessive disorder and its occurrence can be perinatal (at
birth, renal cystic changes in 90%) neonatal (after ca. 1
month, renal cysts in 60%) and infantile (3�6 months
of life, renal cysts in about 25% of cases). The incidence
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ranges between 1 : 6,000 and 1 : 40,000 births. Usually,
there are only small liver cysts. Microscopically,
enlarged portal fields due to connective tissue with
ectatic bile ducts are found, which are erroneously
regarded as cysts. These dilated ducts communicate with
the remaining biliary system. The enlarged kidneys
show cystically dilated collecting tubes. As a rule, chil-
dren with a neonatal form die shortly after birth. The
prognosis for the perinatal and infantile forms depends
on the time of manifestation, i. e. it improves as age
advances. A chronic course of disease develops into
cholestasis, progressive fibrosis and portal hypertension.

8.4.4 Adult polycystic disease

This condition is an autosomal dominant disease. The
liver cysts are mostly (50�60%) associated with (also
dominantly inherited) polycystic kidneys. The preva-
lence of liver cysts increases with age (at < 20 years �
less than 1%, at > 60 years � 75%). Isolated, dominantly
inherited polycystic liver disease without renal involve-
ment has been reported. (524) Liver cysts are the result
of a developmental disorder of the ductal plate at about
the 23-mm stage of foetal life (i. e. ca 5th�8th embryonic
week). There is no biliary dysfunction. Liver cysts vary
in size from a pinhead to ca. 10 cm in diameter, i. e.
having a capacity of about 1 litre. They contain clear
fluid secreted by the bile-duct epithelium lining the cysts
or, occasionally, brown-coloured fluid due to haemo-
lyzed and altered blood. The following complicative
events are to be feared: haemorrhage into a cyst, infec-
tion and rupture of cysts. • Liver function is normal;
alkaline phosphatase and γ-GT may be increased. The
best methods of diagnosis are sonography and CT scan-
ning. (514) The asymptomatic course is diagnosed by
chance. Symptoms are usually caused by a considerable
increase in the size of the cysts (dull abdominal pain,
epigastric complaints, nausea and flatulence). Prognosis
is determined by renal insufficiency due to renal cysts.
(514) • Therapy: Large cysts can be treated by instillation
of minocycline, sclerotherapy with alcohol, operative or
laparoscopic fenestration (510, 525) and liver resection
(525, 528) as well as transplantation. (529) (s. p. 761)

8.4.5 Solitary non-parasitic liver cyst

This condition is probably a variant of polycystic liver
disease. Aberrant bile ducts and blood vessels are
noticeable in the fibrous cyst capsule. The cyst fluid is
clear or brownish due to altered blood. Usually, the cyst
develops in the inferior-anterior segment of the right
lobe. The symptoms, which depend on the size of the
cyst, include pressure effects on adjacent organs, chole-
stasis and obstructive jaundice.

8.4.6 Microhamartoma

A further disorder in ductal plate remodelling is seen in
the so-called von Meyenburg complex (H. von Meyen-
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burg, 1918). Microhamartomas are the residues of mal-
formed ductal plates (from which the peripheral
branches of the intrahepatic bile ducts develop). They
occur as groups of rounded biliary channels, which are
lined with cuboid epithelium and embedded in fibrous
tissue. The interlobular and terminal bile ducts are
enlarged, often with inspissated bile; they communicate
with the remaining, normal biliary system. They are
usually located directly in the portal tracts or nearby.
The course of disease is asymptomatic; generally, the
diagnosis is made by chance. Microhamartomas are
occasionally associated with polycystic disease or me-
dullary sponge kidney. Portal hypertension rarely devel-
ops. (s. figs. 32.16, 32.18) (s. p. 763)

Fig. 32.18: von Meyenburg complex: biliary microhamartoma with
ectatic bile ducts in an enlarged fibrous portal stroma (HE)

8.5 Alagille’s syndrome

Arteriohepatic dysplasia (syndromic bile-duct hypopla-
sia) (G. Watson et al., 1973, D. Alagille et al., 1975, 1987)
derives from dysfunction of the endoplasmic reticulum
and the Golgi apparatus in the biligenetic area of the
hepatocyte. This disorder is a dominant autosomal
defect of the JAG-1 gen localized on chromosome
20 p 12. Components essential to the bile are retained at
this site and result in secondary dysplasia or subsequent
reduction in the interlobular bile flow system. The inci-
dence is approx. 1 : 100,000 neonates. • The disease can
be detected in all children during the first year of life.
There is evidence of the following symptoms: chronic
cholestasis with pronounced pruritus, xanthomas, inter-
mittent jaundice, steatorrhoea, disturbance of mental
development, deformities of the fingers, shortening of
the ulna and radius, butterfly-shaped vertebrae, ataxia,
chronic otitis and pigment changes in the retina. There
are conspicuous facial anomalies, including deep-set
eyes and a flat nose, prominent forehead and slender
chin; various anomalies of the cardiovascular system
(particularly hypoplasia of the peripheral pulmonary
artery) and several renal anomalies also play an impor-
tant role. Liver fibrosis with portal hypertension and
hepatosplenomegaly can develop; in some 15% of cases,



Cholangitis

liver cirrhosis may occur. The 20-year survival rate is
about 75%. Children without neonatal jaundice show a
better prognosis with a longer survival rate; in these
cases, liver transplantation is rarely indicated. • Therapy
comprises UDCA, medium-chain fatty acids and fat-
soluble vitamins. The possibility of liver transplantation
always has to be considered. (500, 503, 509, 517, 523, 527,
532) (s. fig. 32.16) (s. tab. 40.14)

8.6 North American Indian cirrhosis
North American Indian cirrhosis (NAIC) in children with a
rapidly evolving form of familial cholestasis was first described by
A. M. Weber et al. (1981) in aboriginal children from northwestern
Quebec. Genetic investigations suggested autosomal recessive
inheritance and showed that the NAIC gene is located on chromo-
some 16q22. There is a carrier frequency of 10% in this population.
• Symptomatology consists of neonatal cholestasis with elevation
of serum bile acids, alkaline phosphatase, LAP and γ-GT (ca. 70%
of cases). Portal hypertension (ca. 90% of cases) develops rapidly
due to early bile-duct proliferation, portal fibrosis and biliary cir-
rhosis. This results in variceal bleeding (ca. 50% of cases), which
even occurs in children aged 10�12 months. Liver transplantation
is therefore indicated. • On the basis of findings obtained from 30
patients, NAIC is regarded as a distinct entity and classified as
“progressive familial cholangiopathy”. (506)

8.7 Genetic-metabolic ductopenia

Some genetic defects can cause disturbed restructur-
ing of the ductal plates in foetal development, so-
called ductal plate malformations. (s. p. 660) • In con-
trast, in genetically determined metabolic disorders,
secondary ductopenia (or paucity of bile ducts) may
arise during the subsequent course of disease.

8.7.1 α1-antitrypsin deficiency

The deficiency may lead to a significant accumulation
of non-secretable, abnormal α1-antitrypsin. This causes
cholestasis with inflammatory reactions in the region of
the small bile ducts during the further course of disease.
Destruction, obstruction and atrophy of the small bile
ducts can therefore develop. (s. p. 591) (s. fig. 31.10)

8.7.2 Mucoviscidosis

Mucoviscidosis (or cystic fibrosis) is an autosomal
recessive disease which is accompanied by the patho-
logical production of viscous secretions in the excretory
glands. Diagnosis is based on the sweat test (� pilocar-
pine iontophoresis; positive: chloride > 70 mmol/l,
sodium > 60 mmol/l). There is a pronounced association
with HLA types A2, B7, DR2 and DQw6. Serum cholic
acid and the ratio of cholic acid/chenodeoxycholic acid
correlate with histological liver damage and fibrosis.
The further course of disease can lead to cholestasis and
periportal inflammatory processes with fibrosis, which
results in increasing destruction and obliteration of the
bile ducts. Macrovesicular steatosis with hepatomegaly
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is often found. With advancing age, the frequency of
hepatic damage (chronic cholestasis, fatty liver, fibrosis,
cirrhosis) reaches 25�30% in adults. About 5% of
patients develop biliary cirrhosis. Treatment with
UDCA is recommended. Liver transplantation may be
indicated. (s. p. 602)

8.7.3 Zellweger’s syndrome

Peroxisomal disorders of bile acid synthesis, both in the
side-chain decomposition process and at the steroid
ring, can cause atrophy of the small bile ducts. This
gives rise to Zellweger’s syndrome with asyndromic bile-
duct hypoplasia. (513) (s. pp 234, 603) (s. tabs. 13.3, 13.4)

� Bile-duct hypoplasia has also been observed in the
Aagenaes syndrome of recurrent intrahepatic cholestasis
(s. p. 233), in Turkish non-syndromic paucity of inter-
lobular bile ducts (N. Kocak et al., 1997), etc.

8.8 Acquired ductopenia

Non-syndromic ductopenia is caused by the following
events: (1.) degeneration and necrosis of bile-duct epi-
thelia, (2.) hypoperfusion of the periductular capillary
plexus, and (3.) inflammatory processes. However,
there are close interactions between these three patho-
morphological changes. • Degeneration and necrosis
of bile-duct epithelia can be attributed to immunologic
reactions or the influence of endogenous or exogenous
toxins. This results in oxidative stress and hypercalcia
with subsequent cell necrosis. • The hypoperfusion of
the capillary plexus as a result of atrophy or arteritis
also causes oxidative stress and hypercalcia. • Inflam-
matory processes (e. g. due to viruses, bacteria and
toxins) damage the ductular cells and stimulate fibro-
genesis (“vanishing bile ducts”). (498, 533, 535)

Immunologic reactions: Primary biliary cholangitis, primary scler-
osing cholangitis, overlap syndromes, allograft rejection, sarcoido-
sis, etc. are worth mentioning in this context.

Malignant diseases: Histiocytosis X and Hodgkin’s disease (but not
NHL) have been identified as causing ductopenia.

Vascular disorders: A decrease in the arterial blood supply, espe-
cially hypoperfusion of the periductular capillary plexus, can be
caused by vasculitis, i.v. infusions of cytostatics (e.g. floxuridine)
(18, 19, 24, 38) or alcohol into the hepatic artery, postoperative
scarry strictures of the hepatic artery, allograft rejection, etc.

Foreign substances: Given an individual predisposition, chemicals
or pharmacons (505) may trigger the syndrome of vanishing bile
ducts. Numerous drugs can be included in this category. (s. tab.
29.3)

Virus infections: Viral cholangiopathy, sometimes with concomi-
tant destruction of the intrahepatic bile ducts, has been reported
to derive from several species of viruses, e. g. HIV, cytomegaly,
rotaviruses, respiratory syncitial virus (RS), hepatitis C, congenital
rubella and reovirus 3. • Bacteria may, however, also be the cause
of disease, as is the case with congenital syphilis.
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8.9 Idiopathic ductopenia

Idiopathic adulthood ductopenia: The rare, non-syn-
dromic form of ductopenia was described by J. Ludwig

et al. in 1988. He subsequently diagnosed this condition
in almost 60 patients. (516) Further cases have also been
reported in the literature. (498, 507, 518, 519, 521, 522, 535,
536) • This form of ductopenia does not reveal any con-
genital or acquired causes (see subchapters 7.4�7.7). All
known causes of cholestasis must firstly be excluded and
there should be no evidence of inflammatory bowel dis-
ease. The aetiology is (still) unclarified, i. e. idiopathic.
• The onset of the disease is between the ages of 15 and
77, average 27 years, i. e. in adulthood. (516) Women are
more often affected than men (1.8 : 1.0). • The clinical
symptoms vary; relatively long asymptomatic phases
may precede diagnosis. Episodes of pruritus and jaun-
dice are the first noticeable symptoms; occasionally,
right upper quadrant pain develops. Signs of cholestasis
are present: increase in the serum values of bile acids,
alkaline phosphatase, γ-GT and LAP. There may be
concomitant jaundice. Transaminases, which are sugges-
tive of hepatocellular damage, vary from normal to a
10-fold increase.

Morphologically, diagnosis is based on a loss of interlobu-
lar or septal bile ducts in at least 50% of the portal fields.
Nevertheless, 20 or more portal tracts should be eval-
uated, i. e. several needle biopsy samples must be
obtained. The collection of biopsic material is best per-
formed by laparoscopy, whereby specimens should be
taken from both liver lobes. (s. pp 157, 160) (s. fig. 7.8)
The bile ducts can only be counted correctly if they are
clearly distinguishable from the ductules (cholangioles).
In most cases, the ductules have proliferated, i. e. bile-duct
loss and ductular proliferation often coexist. At the same
time, the biopsy samples should not display further find-
ings, such as granulomas, PBC, PSC, histiocytosis, lym-
phoma, etc. • There may be a correlation between the
cause of disease and the respective prognosis. Thus there
have been reports of patients in adulthood presenting
with a mild form of biliary idiopathic ductopenia. They
showed no clinical findings and were largely asympto-
matic. The values of γ-GT, AP and transaminases in these
cases were normal or moderately increased. The progno-
sis was assessed as favourable. (518) However, the course
of disease is usually progressive, culminating in biliary
cirrhosis or acute liver failure. • Treatment with UDCA is
recommended, although no favourable results have hith-
erto been reported. (508) Liver transplantation is the
treatment of choice.

Idiopathic childhood ductopenia: The same criteria as
established by J. Ludwig et al. for ductopenia in adult-
hood also apply to ductopenia in childhood. There is
no clinical or biochemical difference between this form
and the one found in infants. Chronic progressive chole-
stasis can occur in children as well, accompanied by
pruritus, and sometimes by jaundice or xanthomas.
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Electron microscopic examination of livers taken from
numerous premature infants (before 90 days of age) sug-
gests that paucity in non-syndromic patients may result
from primary ductal plate insult: there are undulations
and breaks in the basal lamina and lymphocytic infiltra-
tion of the duct epithelium as well as canalicular dilat-
ations with blunting of microvilli. (511) The cause is
unknown. Apparently, one and the same event is
involved, yet with different manifestation forms in child-
hood and in adulthood as well as with varying degrees
of severity. (498)
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� A particular form of chronic liver disease prevalent among
young women with an excessive increase in protein and γ-globu-
lin was first described by S. Amberg (1942) (1) and later by J.
Waldenström (1950), who used the name “autoimmune hepati-
tis”. (101). In 1951 H. G. Kunkel et al. termed this condition
“hypergammaglobulinaemic chronic hepatitis”. (47) This type of
disease was confirmed by A. G. Bearn et al. (1956) (2) and,
because of a positive LE-cell phenomenon in about 10% of
cases (R. A. Joske et al., 1955) (43), was given the name “lupoid
hepatitis” by I. R. MacKay et al. (1956). (49) • During the
following years, there were frequent reports of a particular form
of active and necrotizing liver disease, which was assumed in
many cases to be autoimmune due to the treatment success
achieved with glucocorticoids and/or azathioprine. Laboratory
parameters were characterized by increased transaminase
values, GDH, γ-globulins and immunoglobulins as well as by
distinct histological findings � there was no possibility of
obtaining immunologic evidence at that time.

1 Definition

The cause of autoimmune hepatitis (AIH) is unknown.
Autoimmune reactions lead to a chronic (rarely acute)
inflammatory process (periportal piecemeal necrosis,
infiltration of portal zones). AIH is frequently associ-
ated with autoimmune diseases of other organs. It
occurs predominantly among women, particularly in
younger years. Hypergammaglobulinaemia is invari-
ably in evidence. Various autoantibodies to compo-
nents of the liver parenchyma are found. The presence
and specificity of these antibodies, together with the
respective clinical symptoms, facilitate differentiation
between the various subtypes of AIH. Diagnosis is
substantiated by the response to immunosuppressive
therapy. If left untreated, AIH progresses rapidly with
transition to cirrhosis and/or liver failure. If treated
adequately, the course taken by the disease is favour-
able.

2 Epidemiology

AIH is present worldwide. Some 15�20% of all patients
with chronic hepatitis can be classified as AIH. Preva-
lence and incidence differ in various geographic regions.
In Europe and North America, prevalence ranges
between 3�17 / 100,000 inhabitants, whereby the lowest
rates are found in southern countries. The incidence in
Europe and North America is estimated to be between
0.1�1.9 / 100,000 inhabitants per year. Women are 4 to
5 times and children 7 to 9 times more frequently affec-
ted. AIH can occur in all age groups. (7)
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3 Aetiology

3.1 Immunologic tolerance
The aetiology of autoimmune hepatitis is (as yet) unresolved. • The
immunologic tolerance of the body’s own cell structures can be
disturbed as a result of (1.) immunogenetic abnormalities in the
MHC system (� major histocompatibility complex, i. e. the main
complex in the HLA system, classes I and II), (2.) clonal deletion
(� removal of so-called “mobile” genes from plasmids) as well as
suppressor defects, and (3.) molecular mimicry (� partial corres-
pondence of the molecular structure of a foreign antigen with a
certain body-own protein structure). (s. p. 643)

3.2 Immunogenetic susceptibility
Genetic predisposition is paramount. • The existence of such a
genetic factor can be deduced from occasional familial occurrence
(25, 37), gender and age specificity as well as a close correlation
with the HLA system. (64) Women are affected in 85�90% of
cases, mainly between the ages of 14�55 years (women: men �
4:1).

3.3 Trigger factors
AIH must be triggered by an antigen. • Trigger factors include envi-
ronmental noxae, medication, toxins, bacteria (e.g. salmonella
antigen), hepatitis viruses HAV (72, 89, 95), HBV, HCV, Epstein-
Barr (63, 96), lymphochoriomeningitis virus (39) and measles
viruses (77, 97) as well as the Herpes simplex virus (type 1 of which
is mainly responsible for AIH type 2). (48, 74) The development
of AIH has also been precipitated by interferon therapy in chronic
hepatitis B (13) and C (32, 66) even in children. (78) • The viral
trigger hypothesis has recently aroused great interest, since various
viruses (e.g. HAV, measles, Epstein-Barr) are known to persist
“unnoticed” for years, e. g. in lymphocytes.

4 Pathogenesis

4.1 HLA system
Immunogenetic susceptibility is substantiated by the close associ-
ation between autoimmune hepatitis and the HLA system. (24, 50,
64, 81) Ethnic differences are evident: an association with HLA-
DR4 is frequent in Japan and in the Euro-Caucasian population.
In patients with HLA-DR3 positivity, manifestation occurs in
younger years, there is greater activity of disease and the outcome
of therapy is less favourable (higher rate of non-responders and
recurrences after ceasing immunosuppressive therapy, as well as
more frequent indications for liver transplantation). In contrast,
HLA-DR4 positivity correlates with manifestation at a more
advanced age, a milder course of disease and a good response to
immunosuppressives, albeit with the considerably more frequent
occurrence of extrahepatic syndromes. The HLA markers DR3
and DR4 are hence characteristic of two different courses. • Fur-
ther HLA types of importance include: HLA-A1, -B8, -DR4,
-Bw54, -DR3, -DR13 (Brazil), -Dw3, -DR53, -C4AQO and -DQ4.
A close relationship was found between AIH and the CD 45 gene,
which is considered quasi to be a “modifier gene of human auto-
immunity”. (99)
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4.2 Cellular immune reaction
Cellular alteration of the immune response is characterized by T
lymphocytes infiltrating liver tissue. The target antigens of the T
lymphocytes are deemed to be cytochrome P450 II D6, mito-
chondrial pyruvate dehydrogenase and asialoglycoprotein receptor
proteins. (92) A loss of immune tolerance for autologous liver
tissue can be attributed to the decrease in activity of T suppressor
cells (with lymphocyte marker T8) and the preponderance of T
helper cells (with lymphocyte marker T4) over the suppressor cells.
Any existing suppressor defect in autoimmune hepatitis is elimin-
ated by glucocorticoids � but not in cases of chronic viral hepatitis
B. The suppressor T cell defect causes immunological hyperactivity
against surface structures of the hepatocytes. T cells from the liver
of autoimmune hepatitis patients are sensitized to asialoglycopro-
tein receptor proteins. (5, 53, 54, 65, 87, 93, 103)

4.3 Autoantibodies

� There are various circulating autoantibodies to
nuclear, cytoplasmatic and membranous antigens; they
differ in their diagnostic and clinical significance. Auto-
antibodies are deemed to be secondary immunological
phenomena of liver cell lesions and have no pathoge-
netic importance. Correlation of the antibody titres with
AIH activity is unreliable. The antibodies may play a
part in eliminating autoantigens. Their determination is
essential for the diagnosis and classification of AIH as
well as its overlap syndromes. (6, 17, 20, 65, 86, 88) (s. tabs.
5.19, 5.20; 33.1)

ANA: Antinuclear factors were described for the first
time by G.J. Friou et al. in 1957. These antibodies are
mainly directed against nucleoprotein DNA histone and
cycline A. They show a predominantly homogeneous or
“speckled” pattern of fluorescence. ANA is not specific
to the liver or to liver disease. (s. figs. 5.10, 5.11) (s.
p. 118)

SMA: Smooth muscle antibodies were first described by
G.D. Johnson et al. (1965). They mostly possess anti-actin
(generally F-actin) specificity, predominantly of the IgG
type. Antibodies against troponin and α-actin may also
be present. There is great heterogeneity, and a mixture
of different antibodies can almost always be found. Evi-
dence of anti-actin antibodies has a high diagnostic
value, particularly with a titre of > 1:640 and in the pres-
ence of an IgG type. (s. fig. 5.12) (s. p. 119)

LKM: Anti-LKM 1 were detected by M. Rizzetto et al.
and W. B. Storch (86) in 1973. As liver/kidney micro-
somes, they are directed against an antigen of the ER
(cytochrome P 450 II D 6) (anti-AER) as well as against
proximal kidney tubuli. • There are also anti-LKM 2
(antigen: P 450 II C 8�II C 11 in tienilic acid-induced
hepatitis) and anti-LKM 3 (antigen: part of the UDP
glucuronyltransferase in chronic hepatitis D as well as
in hydralazine and carbamazepine-induced hepatitis
against P 450 I A2). LKM antibodies are directed
against other microsomal antigens as well and conse-
quently may be present in viral or toxic liver diseases.
They constitute a heterogeneous group. (26, 38) (s. p. 119)
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LP/SLA: Anti-LP antibodies were described by P. A.
Berg et al. in 1981. (4) They show a particularly strong
reaction against soluble antigens from the liver and pan-
creas. The specific antigen has not been identified. In
autoimmune hepatitis, anti-LP antibodies are associated
with ANA and/or SMA in > 60% of cases; even when
detected on their own, they are of diagnostic import-
ance. (84) • Soluble liver-antigen antibodies (SLA) were
demonstrated for the first time by M.P. Manns et al. in
1987. (51) They seem to recognize cytokeratins as anti-
gens and identify a target antigen of activated lympho-
cytes. SLA are probably identical to LP and possibly
even characterize the same patient group. Although they
are indeed of diagnostic relevance in AIH, they are not
specific. LP/SLA are detectable in AIH in 25% of cases.
(s. p. 120) • The postulated main antigen of cytosol anti-
bodies has meanwhile been cloned. (100, 104) This group
of cytosol antibodies was first described by W. Storch in
1975; they are probably identical to anti-LP and anti-
SLA antibodies. (86)

� The autoantibodies ANA, SMA, LKM 1 and LP/
SLA are of diagnostic relevance in autoimmune hepa-
titis. Moreover, they are usually detectable at a time
when no clear diagnosis can be derived from clinical,
laboratory or histological findings. This is most import-
ant with regard to early immunosuppressive therapy.
Other autoantibodies (such as LMA, LC1, HHPM) are
indeed often associated with AIH, yet have no diagnos-
tic relevance.

LC: These liver-specific antibodies (LC1 and LC2) react
with a soluble cytosolic antigen in the liver cells (W.
Storch, 1975, 1979). This was confirmed by E. Martini et
al. in 1982. They are frequently associated with anti-
LKM 1 antibodies (60�70%). The hepatocytes around
the central vein of the liver lobule are left out of the
otherwise homogeneous cytoplasmatic fluorescence.
LC 1 antibodies are not present in chronic viral hepatitis
C, and thus they are important in differentiating be-
tween (LC1-positive) AIH and (LC1-negative) chronic
HCV infection. LC1 is primarily found in young
patients presenting with AIH type 2. Only rarely are
LC2 antibodies found in AIH; they react with peripor-
tal liver cells. (35, 45)

LMA: The liver membrane antibodies were first iden-
tified by W. Storch in 1973 (86) and confirmed by U. Hopf

et al. in 1976. They are directed against various epitopes
of the liver cell membrane, e. g. the ASGPR receptor.
LMA are mostly associated with other (relevant) anti-
bodies in AIH. (s. p. 119)

Asialoglycoprotein receptor: The antigen spectrum of
anti-LSP antibodies is a heterogeneous group. The asia-
loglycoprotein receptor protein (anti-ASGPR) is a spe-
cific antigen of this LSP mixture (B.M. McFarlane et al.,
1986). In AIH, 80�85% of cases displayed antibodies
against this purified protein. Yet, anti-ASGPR are also
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ANA SMA LKM 1 SLA/LP ASGPR AMA pANCA AHA HCV anti- specific
GOR nuclear

antibody

Autoimmune hepatitis
1a �� (�) � � (�)� � (�) � (�) (�)
1b (�) �� � � (�)� � (�) � (�) (�)
2a � � �� � (�)� � � � � �
2b � � �� � (�)� � � � � �
3 (�) (�)� � �� (�)� (�) � � � �

Primary biliary cholangitis
� Primary biliary (�) � � � (�) �� (�) � � �

cholangitis (PBC)
� Primary sclerosing (�) � � � � � �� � � �

cholangitis (PSC)

Overlap syndrome
AIH/PBC � (�) � (�) (�) � � � � �
AIH/PSC � (�) � (�) (�) � � � � �
AIH/HCV (see type 2a) (�) (�) � (�) � � � � � (�)�
AIH/HCV (see type 2b) � � � � � � � � � (�)�
AIH/alcohol (�) (�) � (�) (�) (�) � �� � �
AIH/collagenosis �� �� � (�) (�) � � � � � ��

Tab. 33.1: Differentiation of autoimmune liver diseases and their overlap syndromes (s. tab. 5.20) (s. p. 658). • (AHA � anti-histone
antibody; anti-GOR � anti-specific nuclear antigen in HCV) (see text for other abbreviations). �/(�) � no or occasional slight increase

found in primary biliary cholangitis, primary sclerosing
cholangitis and viral hepatitis. (92)

5 Classification

Autoimmune hepatitis may be classified into three
(sometimes four) types according to the different anti-
body specificities in conjunction with the seromarkers
of viral hepatitis. Further differentiation has also been
made into subtypes (1a, 1b and 2a, 2b), although this
remains controversial. In the future, it may well be pos-
sible to derive therapeutic indications or prognostic
indices from these subtypes; at the moment, they offer
no guidance in this respect. It is, however, remarkable
that ANA, SMA and LKM 1 are not primarily detect-
able in 20% of patients with AIH, whereas other anti-
bodies, such as LP/SLA and ASGPR antibodies, can
often be identified. (52) • In this context, a more reliable
definition of overlap syndromes might therefore be use-
ful for therapy and prognosis. (s. tab. 33.1)

5.1 Type 1

This is the classical (formerly lupoid) form of autoim-
mune hepatitis. It shows a markedly genetic predisposi-
tion. Type 1 is the most frequently occurring form of
AIH (70�80% of cases) and is mainly found in young
women, especially between the ages of 20 and 40 years.
There is a marked increase in γ-globulins. ANA
(40�70%), SMA (70�100%) (titre > 1:80) and ASGPR
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(70�80%) are commonly present. AMA and pANCA
are also occasionally detected. ANA often only appears
during the course of disease. Type 1 is highly responsive
to immunosuppressive therapy. That is why cirrhosis
develops in “only” 40�45% of cases. HCV antibodies
of groups 1a and 1b are found with the same frequency
(14%). (16, 17, 36, 38, 60)

Subtype 1a: This subtype is ANA-positive; it can be found with or
without SMA. Its course is generally subclinical, so that the initial
diagnosis can only be made later. Type 1a occurs more frequently
in women than in men. Its frequency is distributed bimodally, with
a peak between 10 and 30 years (� association with HLA-DR3)
and again after 30 years of age or following the menopause (�
association with HLA-DR4); occasionally, C4AQO is detectable.
Frequency is 25�30% of cases.

Subtype 1b: The SMA-positive subtype occurs particularly in chil-
dren of all ages and of both sexes. In later life, men are more often
affected. This classification is, however, still disputed.

5.2 Type 2

The main criterion of this type is the detection of LKM
1 (titre > 1:80), which is exclusively found in AIH.
ASGPR and LC 1 are sometimes also present. (26, 35,
45, 92, 107) In contrast, ANA and SMA antibodies are
not detectable as a rule. Antithyroid and antiparietal cell
antibodies can be frequently identified. Type 2 is 5�6
times less frequent (5�10%) than type 1. It occurs early
in life (about 50% of cases involve children (34, 56) and
adolescents) (68) and is often associated with extrahepa-
tic manifestations. Type 2 usually commences like acute
viral hepatitis, and genetically determined IgA defi-
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ciency is occasionally evident. Hypergammaglobulin-
aemia is not, however, as obvious as in type 1. Anti-
bodies against thyroid and parietal cell antigens are
frequently detectable. Type 2 is less responsive to im-
munosuppressive therapy than type 1. The prognosis is
thus less favourable: cirrhosis develops frequently
(approx. 80% of cases) and rapidly. Type 2 is associated
in 10�15% of cases with the autoimmune polyen-
docrine syndrome type 1. (s. p. 679) • Owing to a respec-
tive HCV positivity of 20�60% or 35%, differentiation
into subtypes 2a and 2b was proposed. This may, how-
ever, not always be reliable.

Subtype 2a: The criteria of this subtype are positivity of LKM 1
and LC 1 with negativity of anti-HCV and HCV RNA. It becomes
manifest early in life, and the course of disease is severe. Women
are mainly affected. HLA-DR3, -B14 and -C4AQO are present.

Subtype 2b: The criteria of this subtype are positivity of LKM1
and anti-HCV as well as HCV RNA. It becomes manifest at a
more advanced age. Men in particular are affected. In 70% of
cases, it was possible to detect antibodies to certain nuclear HCV
antigens, so-called anti-GOR. This is a fusion protein which is
derived from a cDNA clone (GOR 47-1). (55) (s. pp 121, 443)

� The explanation of the term GOR is as follows: S. Mishiro et
al. were trying at that time (before the discovery of HCV) to
detect a new virus which could be the cause of NANB hepatitis
by immunoscreening cDNA libraries which were derived from
chimpanzees infected with NANB hepatitis. One of these chim-
panzees had the name “Gabriel” (“G”). Two cDNA libraries
were made from Gabriel’s serum: one was primed with oligo-
dT primer (“GO library”) and the other with random primer
(“GR library”). These two libraries were mixed to a combined
one, “GO” � “GR” � GOR. Subsequently, an interesting
clone was identified from the 47th plate of the GOR library:
this was GOR 47-1. (Personal information from S. MISHIRO)

5.3 Type 3

Type 3 is characterized by the positivity of LP/SLA.
These antibodies are the only type found in 25% of
patients with AIH. • Sometimes, SMA, ANA and
ASGPR can also be detected, but at low titre levels. The
frequency is 5�10%. Women are affected five times more
often than men. There is a high concentration of γ-globu-
lin. HCV antibodies were found in 11% of patients. (37)
The clinical course is similar to type 1; as a rule, it pro-
gresses rapidly. The response to immunosuppressives is
good. • Cryptogenic chronic hepatitis can often be diag-
nosed with the help of LP/SLA. (s. tab. 33.1)

5.4 Drug-induced AIH

With a genetic or disease-related predisposition, the
intake of medicaments and their subsequent catabolism
in the biotransformatory system sometimes lead to the
formation of reactive metabolites. (s. p. 55) (s. fig. 3.11)
These can bind to components of the cytochrome sys-
tem. After cytolysis, they may become the target anti-
gens of antibodies. (s. p. 544) (s. fig. 29.1) This has been
ascertained, for example, for carbamazepine (LMK 3),
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halothane (LMK 2), hydralazine 1 (LMA, LMK 3) and
ticrynafen (LKM 2) as well as for tienilic acid (LKM 2)
and minocycline. (33) Other antibodies (ANA, LMA)
may also be present.

5.5 Overlap syndrome

Primary biliary cholangitis: The overlap of PBC with
AIH reveals positivity of AMA, ANA and ASGPR as
well as lower titres of LP and SMA. In approx. 20% of
cases, AMA can be found in AIH. The frequency of this
overlap syndrome is 5�10% (�15%). It was first
detected in a child (12-year-old girl). (34) IgG and IgM
fractions are simultaneously elevated. Histological find-
ings can comprise the criteria of both PBC and CAH.
Thus two different autoimmune diseases are present,
whereby prognosis is determined by the degree of sever-
ity of AIH. This provides the indication for immunosup-
pressive therapy. (s. tab. 33.1) (s. p. 660)

Primary sclerosing cholangitis: An overlap of primary sclerosing
cholangitis with AIH is likewise possible; the latter also displayed
pANCA in 13�16% of cases. (s. p. 657)

Collagenosis: An overlap of collagenosis with AIH is rare (0.2%).
Confirmation requires the determination of specific antinuclear
antibodies (SSA, SSB, RNP, Sm, Scl70, ACA). (s. tab. 5.19)

Autoimmune polyendocrine syndrome: Approximately
20% of cases of the autosomal recessive APS type 1 are
accompanied by autoimmune hepatitis. A loss of auto-
immune regulator activity is considered to be the under-
lying cause. There are autoimmune reactions in the skin,
ovaries, suprarenal glands, parathyroid glands, intestinal
tract, etc.; generalized candidiasis is also evident. Anti-
bodies to LM (targeted against cytochrome P450 I A2)
may be present. A combination of AIH and APS is
more aggressive, with a tendency to an acute or subful-
minant course, and shows a weak response to corti-
costeroid therapy.

Alcohol-related liver disease: Approximately 80% of
these patients display positive anti-histone 2 B anti-
bodies. In alcoholic hepatitis, there is frequent evidence
of LMA (60%) and LSP (30%) as well as ANA and/or
SMA. In autoimmune hepatitis (15% of cases), high
titres of IgA antibodies to histone 2 B can also be
detected. • This autoimmune situation in alcoholic liver
disease can indeed give rise to therapeutic problems if,
despite absolute abstinence, there is self-perpetuation of
the morphological findings (as we ourselves noticed in
some cases).

5.6 Association with HV infection

In chronic hepatitis B, 5�10% of cases display ANA
and/or SMA. Due to the subtle differentiation achieved
with HBV markers, it is possible to classify each individ-
ual case reliably. Prognosis and therapy are determined
by chronic hepatitis B. Interferon therapy can trigger or
exacerbate autoimmune hepatitis. (13, 66, 74, 78)
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In chronic hepatitis D, 10�20% of cases displayed anti-
bodies to LKM 3. The antigen is a part of UDP glucu-
ronosyl transferase (T. Philipp et al. 1994).

In chronic hepatitis C, there is a strikingly frequent asso-
ciation with autoimmune hepatitis; this association,
however, varies in different geographic regions. In
ANA-positive AIH, HCV antibodies were detected in
40�50%, whereas in LKM-positive AIH, HCV markers
were found in up to 88% of cases. Chronic hepatitis C
showed ANA and/or SMA in 10�15% of patients,
whereas 2�10% simultaneously displayed LKM 1 anti-
bodies. This constellation, also classified as subtype 2b,
has a relatively mild clinical course with relatively low
LKM titres. Interferon therapy is indicated � yet cau-
tion is called for, since this can trigger acute inflamma-
tory episodes of chronic hepatitis C as well as the devel-
opment of AIH. (32, 66, 78) In the event of replicative
HCV infection, immunosuppressive therapy is not indi-
cated. In this case, it is assumed that this is primarily a
chronic hepatitis C with concurrent autoimmunity. It is
necessary to clarify the HCV infection by PCR and to
differentiate the autoantibodies further. In assessing
such an overlap retrospectively, consideration must be
given to the fact that (1.) the determination of HCV
antibodies has often been false owing to the still unreli-
able detection method, (2.) it has not yet been possible
to verify HCV RNA by PCR, and (3.) hypergammaglo-
bulinaemia produces higher false anti-HCV levels. (3, 31,
48, 55, 60, 68, 91) (s. p. 440)

5.7 Cryptogenic chronic hepatitis

Occasionally, forms of autoantibody-negative chronic
hepatitis are found with no detectable cause. They
resemble autoimmune hepatitis in every respect and
respond well to corticosteroid therapy. This special
group (10�15%) possibly comprises cases of autoim-
mune hepatitis for which no immunoserologic markers
are known as yet. In numerous cases of cryptogenic
chronic hepatitis, AIH type 3 can be detected due to
evidence of high-titric LP/LSA.

6 Morphology

Autoimmune hepatitis has no distinctive histology. The
picture presented resembles that of chronic active hepa-
titis : portal and periportal infiltration from some
plasma cells as well as a high number of lymphocytes
are in evidence. (s. figs. 33.1, 33.2) The lymphocytes are
mainly of the T-cell type, whereby the ratio of subtypes
CD4 : CD8 is about 1:1. The lymphocytes demonstrate
emperipolesis (� capable of infiltrating and surrounding
other cells). (s. fig. 21.11) Hepatocytes often show
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hydropic swelling and ballooning (s. fig. 21.4). Inflam-
matory activity varies, whereby some areas are near nor-
mal. In the lobule, there are infiltrates of lymphocytes
with differing density together with activated Kupffer
cells. As the degree of infiltration increases, with inflam-
matory activity varying considerably from portal zone
to portal zone, piecemeal necroses (� interphase hepati-
tis) and bridging necroses (between adjacent vascular
structures) as well as liver cell rosettes become more and
more distinctive histologically. Whereas lytic necrosis
leaves a “blank” in the trabecular texture, acidophilic
necrosis shows Councilman bodies as residues. Early on
in this process, it may be possible to detect pronounced
fibrosis. (s. figs. 33.3, 33.4) • Bile-duct lesions, granulo-
mas and deposits of iron or copper are not present; their
detection argues against AIH. (11, 23, 58, 83, 90) • Non-
alcoholic steatohepatitis can resemble the picture of
AIH.

Fig. 33.1: Acute AIH (ANCA �) resembling acute hepatitis, with
pronounced centrilobular parenchymal loss. Rapid therapy success
(clinically, biochemically) with immunosuppressives (HE).

Fig. 33.2: So-called lupoid hepatitis. The left lobe of liver shows an
irregularly rippled surface (scattered light reflex) with salmon-pink
and yellow colouring, patchy red marking due to highly inflamma-
tory parenchymal zones; fine vascular multiplication and whitish
scarred areas with diffuse fibrosis
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Fig. 33.3: Autoimmune hepatitis in remission under treatment with
septal fibrosis and disarranged lobular structure

Fig. 33.4: Liver cirrhosis due to AIH: flat-nodular liver surface,
highly cicatrized furrows, local neovascularization, signs of mild
inflammation

7 Clinical aspects

7.1 Clinical symptoms

Some 10�20% of patients with chronic active hepatitis
can be categorized as autoimmune hepatitis cases. •
Occasionally, the disease develops over a considerable
period of time without being noticed subjectively. (36)
This is why AIH is often not diagnosed before the stage
of chronic hepatitis is reached. Non-specific complaints
have been reported, such as fatigue, languor, inappe-
tence, decreased performance and sometimes arthralgia
as well as myalgia, frequently accompanied by slight
fever. Clinical findings include hepato/splenomegaly,
palmar erythema, facial teleangiectasia, hirsutism,
amenorrhoea and spider naevi. (s. figs. 4.6, 4.7) • In
25�40% of cases, AIH can become manifest in the same
manner as acute viral hepatitis, but it presents more dis-
tinct subjective and clinical symptoms. At this point,
scleral icterus or jaundice is usually present � as is gen-
erally the case in active phases of a disease. (31, 41, 65,
93, 98)
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7.2 Laboratory diagnostics

Even at the subjective, asymptomatic stage, transami-
nases are elevated to differing degrees. With the onset of
symptomatic or acute hepatitis, high values can be de-
tected for GPT, GOT and GDH (3 to 10 times, and more,
above normal levels). The γ-GT value is only moderately
or not at all increased; the same applies to bilirubin. Cho-
linesterase is often decreased. • Cholestasis-indicating
enzymes (γ-GT, AP, LAP) are rarely elevated; clearly
raised levels point to an overlap syndrome rather than to
a (very infrequent) cholestatic form of autoimmune hepa-
titis. • A sharp rise in γ-globulin (1.5 to 2 times above nor-
mal) is a characteristic feature. This is almost solely due
to an increase in the IgG fraction. IgA can be decreased.
Hyperproteinaemia (> 8g/dl) ensues. The blood sedi-
mentation rate is greatly increased. • At this point, the
serology of viral hepatitis (HBV, HCV, possibly HDV)
has to be clarified. Autoantibodies (ANA, SMA, LKM,
LP) and their titres are determined. When the presence of
an overlap syndrome is suspected, the determination of
specific autoantibodies is required (e. g. AMA with sub-
types, LP, pANCA, anti-histone 2B, antinuclear anti-
bodies). (s. tabs. 5.19, 5.20; 33.1) HLA typing (e. g. -A1,
-B8, -DR3, -DR4) should then complete the diagnosis.

7.3 Liver histology

Histological examination of the liver and morphological
clarification of the phase of disease (i.e. grading,
staging) are imperative, although this does not facilitate
the diagnosis of AIH. (11, 90) However, liver biopsy is
recommended for the initial diagnosis; it should be car-
ried out under laparoscopy to provide photodocumenta-
tion of the surface structure of the liver and to obtain
several specimens (including some from the left lobe of
liver).

8 Course and prognosis

8.1 Course of disease

Autoimmune hepatitis displays a wide spectrum of clin-
ical courses. Besides the subjective asymptomatic and
insidious onset of the disease, acute manifestations simi-
lar to acute viral hepatitis may occur. Severe courses
have also been described, including acute liver failure
and extreme atrophy of the right lobe of liver. (36, 61)
The course of disease is often characterized by acute
intermittent phases. Other patients, however, experience
uncharacteristic complaints over long periods of time as
well as aetiologically unexplained increases in trans-
aminases. The effect of pregnancy on the course of AIH
varies: deterioration, unchanged status and remission
have been reported. Long-lasting spontaneous remis-
sions were observed in up to 20% of cases (e. g. in pla-
cebo groups), but there were also cases of rapid transi-
tion into cirrhosis. (9, 29, 41, 45, 93)
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8.2 Associated diseases

A variety of immunopathies and diseases have been
associated with autoimmune hepatitis (20�30%). These
association factors can render it more difficult to estab-
lish a diagnosis or differential diagnosis; as a result,
therapy is more problematic, and the prognosis deteri-
orates. (s. tab. 33.2)

CREST Panniculitis
Diabetes insipidus Pericarditis
Diabetes mellitus (type I) Polyarthritis
Glomerulonephritis Polymyositis
Haemolytic anaemia Pulmonary fibrosis
Hypereosinophilic syndrome Sjögren’s syndrome
Hyperthyroidosis Thrombocytopenia
Iridocyclitis Thyroidism
Lupus erythematodes Ulcerative colitis
Mixed collagenoses Vasculitis
Myasthenia gravis Vitiligo
Myocarditis

Tab. 33.2: Diseases or immunopathies which may be associated
with autoimmune hepatitis (s. tabs. 22.2, 22.7, 22.8; 32.3, 32.6)

8.3 Hepatocellular carcinoma

Hepatocellular carcinoma is a rare occurrence (5�7%).
(67, 79, 106) It may not be due to AIH or related medica-
tion, but to concurrent HBV or HCV infection. An
association of HCC with corticosteroid therapy is unu-
sual (102); the same study group, however, reported an
association of HCC with azathioprine therapy.

8.4 Prognosis

Prognosis depends on the time when the diagnosis is
established and therapy initiated. Risk factors are consid-
ered to be manifestation in early years, severe hepatic
inflammatory reactions with bridging necroses and the
presence of HLA-DR3. Type 2 develops more rapidly
into cirrhosis (up to 82% within 3 years). (38) If the condi-
tion is not treated, prognosis is poor; in such cases, cirrho-
sis inevitably develops. Approximately 50% of patients
die after 3�5 years, and some 90% within 10 years; mor-
tality is highest during the first 2 years. Obviously, prog-
nosis is worst in those patients who have already reached
the cirrhotic stage at the time of initial diagnosis. • The
prognosis of the overlap syndrome is presumably deter-
mined by the stage and degree of activity of primary bili-
ary cholangitis or primary sclerosing cholangitis. (46)

When immunosuppression is properly administered at
an early stage, prognosis is good; such patients can
anticipate normal life expectancy. It is even possible for
liver fibrosis to recede. (19, 28) In general, a therapy-
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related remission rate of 80�90% can be achieved. •
Relapse occurs in some two-thirds of successfully
treated patients, yet this usually responds well to re-
administration of the initial therapy at an adequately
high dosage. So-called non-responders (approximately
15% of cases) should be critically reviewed in terms of
detailed diagnosis, while additional exogenous or endo-
genous risk factors as well as patient compliance should
be investigated anew. • The survival rate of treated
patients (excluding cirrhosis and severe, well-advanced
CAH at the time of initial diagnosis) is ca. 90% and
80% after 5 and 10 years, respectively. In cases of cirrho-
sis, despite properly administered therapy, the 10-year
survival rate is reduced to < 65% (relapse risk is 90%).

9 Therapy

Hardly any other autoimmunopathy responds so well
to immunosuppressive treatment as does autoim-
mune hepatitis. Most patients can reckon with nor-
mal life expectancy. • However, this calls for the
following prerequisites: (1.) early detailed diagnosis,
(2.) appropriate, continuous therapy, and (3.) elimin-
ation and prevention of exogenous risk factors.

9.1 Detailed diagnosis

The diagnosis of autoimmune disease is in itself not
difficult. • Nevertheless, the wide variety of autoim-
munopathies and their multiple facets, their unpre-
dictable preference for certain tissue, cellular or organ
systems and the fact that they frequently overlap with
a multitude of associated partners to differing degrees
often give rise to problems which cannot be solved
when setting up a detailed diagnosis. For this reason,
depending on the respective level of knowledge, it is
inevitable that “similar” immunopathies will be clas-
sified either as “identical” forms or possibly even as
“entities” in their own right.

The occurrence of an autoimmunopathy is invariably
based on a genetic predisposition with an inducibility that
differs in intensity from case to case. • However, it is pos-
sible with great subtlety to detect the biochemical/bio-
molecular products of the cascade from the comple-
ment system, HLA system, antigen-antibody reactions,
helper and suppressor cell functions, etc. (which in
point of fact come “at the end of the successful reac-
tion”). Furthermore, it is also possible to assess the
respective interrelations of these products and to pre-
dict their immunopathogenetic significance. • Al-
though the endocrine-autonomic-central nervous sys-
tems (in evidence “at the beginning of humoral / cellular
tolerance or defence”) are generally accepted as a matter
of course, they are still inadequately quantifiable.
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The multiple reactions invoked “on the biochemical
pathway” (i. e. between the beginning and the end of
an autoimmunopathy) are definitely involved in the
accumulation of other unknown intermediary prod-
ucts, which can in turn influence and manipulate a
state of autoimmunopathy.

� see D. Bitter-Suermann (1983) and particularly „Immunologie
und Psychoneuroendokrinium“ (W. P. Kaschka) in „Medizini-
sche Immunologie“ (H. W. Baenkler, editor) (1996)

From their own experience, many clinicians are familiar
with that often rapid and even insidious deterioration
of an autoimmune disease as a result of extreme over-
burdening of the endocrine or mental systems. The cases
of two patients, whose fate touched my staff and me
deeply at the time, are briefly outlined below; as we
experienced them, these were not merely post hoc, but
propter hoc events, i. e. the one directly caused the other.

� A female patient between 35 and 40 years of age with confirmed
(in line with the methods of the time, including laparoscopy and
biopsy) autoimmune hepatitis (ANA ��, SMA�, LMA�, LE
factor�, IgG ��, γ-globulin��, GPT, GOT 80�100 U/l, GDH ca.
12 U/l, no cholestasis) had been undergoing treatment with predni-
solone / azathioprine and had been in constant remission for over 3
years (maintenance dose of 4�6 mg prednisolone and 50 mg aza-
thioprine for over 2 years). Physically and mentally stable, engaged
in her profession, she had placed great confidence in us. Approxi-
mately 3 days after a sudden, severe emotional trauma with mental
breakdown, the AIH deteriorated on a massive scale, and about 3
weeks later, the patient died in a coma hepaticum from acute liver
failure.

� A female patient of approx. 45 years of age with autoimmune
hepatitis and Sjögren’s syndrome was in constant remission, having
undergone treatment with prednisolone / azathioprine for more than
6 years. Physically and mentally stable, she was active at home, with
her family and in her profession; compliance was excellent. The
maintenance dose was 4�6 mg prednisolone and 50 mg azathioprine.
A sudden, severe emotional trauma triggered an excessive and,
despite all medication, progressive deterioration of her condition
within a few days. A 2-year period of suffering followed with pro-
gression of CAH, confirmed by laparoscopy and two biopsies, to
florid complete cirrhosis, from which the patient died.

The methods applied today allow precise differenti-
ation of autoimmune hepatitis, thus providing the ne-
cessary early diagnosis. • Besides the “classical” or
“pure” forms of autoimmune hepatitis and autoim-
mune cholangitis (s. p. 659), HBV-positive and HCV-
positive individuals and possibly PCR-confirmed car-
riers should be strictly excluded from types 1�3 with
their respective subgroups and classified in their own
overlap groups. (s. tab. 33.1) (s. p. 660)

9.2 Immunosuppressive therapy

The primary target in treating autoimmune disease, espe-
cially autoimmune hepatitis, is to restore the immune bal-
ance. • When correctly administered, immunosuppres-
sion can effect the remission of autoimmune hepatitis
and improve the survival rate � and even normalize
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individual life expectancy. However, this requires an
early detailed diagnosis and the widest possible differen-
tiation of the immunological and serological profiles as
well as a histological investigation of the liver. (18, 53, 73,
93, 98)

9.2.1 Glucocorticoids

� Treatment of autoimmune hepatitis with glucocorti-
coids has been successfully carried out for about 45
years (A.R. Page et al., 1960). Fundamentally, predniso-
lone brings about remission of the condition in approx.
80% of patients. A survival rate of 10 years has been
observed in over 90% of precirrhotic patients under
prednisolone therapy (G.L. Davies et al., 1989). A course
of glucocorticoid monotherapy is indicated in (1.) young
patients, (2.) minimal inflammatory activity in the initial
phase, (3.) relevant bone-marrow depression, (4.) chole-
stasis under azathioprine therapy (very rare), and (5.)
women contemplating pregnancy, but who have to avoid
using azathioprine. (15, 19, 69, 80, 85)

Dosage: Initial dose of approx. 1mg/kg BW/day for about 1 week
(until an obvious reduction in transaminase values has been
achieved), ca. 40 mg/day for 1 week, ca. 30 mg/day for a further 2
weeks and then ca. 20 mg/day, depending on the decrease in activ-
ity and onset of remission. With continued acceptance of a lower
dose, a further reduction should be made in steps of 2.5�5 mg at
intervals of 5�10 days until the desired maintenance dose of 4�8
mg is reached. A mean duration of treatment of 2�3 years is gen-
erally recommended. • Basically, we continued to administer the
achieved maintenance dose (“only as much as required”) as a life-
long prednisolone therapy unless, for any reason, it became neces-
sary to stop treatment. In such cases, therapy should be phased
out at a rate of 1 mg per week (!). On the principle of “having
respect for, but no fear of prednisolone”, osteoporosis prophylaxis is
of the utmost importance. Besides the administration of, for exam-
ple, a combination of calcium and sodium fluorophosphates
together with vitamin D, it is essential for the patients to exercise
their muscles regularly every day. (s. p. 650) • We also can confirm
that the maintenance dose differs greatly for each individual patient
� some patients remain in remission with 2�4 mg glucocorticoids.

9.2.2 Glucocorticoids and azathioprine

� Azathioprine should not be used initially as mono-
therapy. However, remission attained with prednisolone
and azathioprine can be maintained by azathioprine on
its own (some 100�200 mg/day). (42, 85) • The combin-
ation of prednisolone with azathioprine (I.R. MacKay,
1968) is just as effective as monotherapy with predniso-
lone. Moreover, with the above-mentioned initial dose
of prednisolone (together with azathioprine), any subse-
quent dosage of prednisolone can be reduced more
rapidly to a maintenance dose of 4�6 (�8) mg/day.

Dosage: An initial dose of azathioprine of 1�2 mg/kg BW/day
(rounded off to the nearest 25 mg or 50 mg tablet) is recom-
mended. A maintenance dose of 50�75 (�100) mg/day is suffi-
cient. • We always administered the combination therapy from the
outset and thereby did not observe any side effects from azathio-
prine � minor fluctuations in bone-marrow depression reverted to
normal values spontaneously or after a short period of reduced
dosage (25 mg). • With this maintenance dose, we retained a
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number of female patients in remission for over 16 years (!) � see
the patient group treated with prednisolone and azathioprine for
primary biliary cholangitis. (s. p. 650)

As a criterion of successful therapy, the following
remission figures are given in the relevant literature:
50�60% after 6 months, 70�80% after 12 months and
80�90% after 24 months. The corresponding success
figures in terms of liver histology are 10%, 30�40%
and 50�60%, respectively. At the end of successful ther-
apy with a cessation of medication, ca. 50% of patients
suffered a relapse, so that a new “initial dose” had to be
applied � sometimes with less positive results, however.
• Thus we consider a lifelong maintenance dose to be
preferable. We have repeatedly noted that continued
administration of the combination therapy eventually
achieved a stabilized remission, even after a period of
2�3 (�4) years. Particularly in immunopathies, patience
is called for, while attention must focus on the current
state of disease and on the patient “in his/her entirety”.

� Should cirrhosis be present at the time of initial diag-
nosis in the wake of confirmed “pure” autoimmune
hepatitis (i. e. without HBV or HCV replication mark-
ers), it is advisable to implement combined immunosup-
pression � which is often successful in relatively low but
sufficient dosage. Even if the morphological end-stage
has already been reached, inflammatory activity can be
repressed and clinical improvement achieved. • The
question of whether (and when) a liver transplantation
should be planned always has to be considered.

Budesonide: Initial results with the oral “topical” steroid
budesonide have also proved remarkable in AIH. (21)
In precirrhotic patients without collateral shunts, this
substance achieves a first-pass effect in the liver of up
to 90%, resulting in a satisfactory anti-inflammatory
steroid impact with only minor side effects.

9.2.3 Ursodeoxycholic acid

If cholestasis is not present, the additional application
of ursodeoxycholic acid (UDCA) is worth considering
because of its pharmacological properties and lack of
side effects or interactions. • Initial results on the treat-
ment of chronic hepatitis with UDCA were reported by
F. Ichida (1961), T. Nakahara et al. (1975) and K. Miyaji

(1976). (s. p. 705) • In 1988 our study group also noted
obvious and permanent effects of UDCA on the course
of disease in terms of clinical and laboratory indices in
severe acute viral hepatitis B. (s. p. 437) Such observa-
tions were confirmed by A. Jorge in 1993. • Owing to
the multiple mechanisms of action of UDCA, in par-
ticular its immunomodulatory effect, adjuvant thera-
peutic efficacy can be anticipated in autoimmune hepa-
titis, as reported by P. Janowitz et al. in 1996. In
autoimmune-associated chronic hepatitis C, UDCA
proved to be a successful therapeutic agent (K. Nakamura

et al., 1999).
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9.2.4 Monitoring therapy

GPT is the leading parameter for regular monitoring of
laboratory indices � initially at intervals of 4�8 days
and subsequently every 2�4 weeks (depending on the
activity status). GDH is a good complementary value,
possibly together with GOT (for the concurrent deter-
mination of the respective quotient). (s. tabs. 5.6, 5.7) •
The γ-globulin value is a further important parameter.
With these results, it is possible to assess the course of
AIH reliably and to monitor the success of therapy. (14)

9.2.5 Non-responders to therapy

� Patients in whom initial treatment was devoid of suc-
cess (though a detailed diagnosis had been made) and
increased dosage in a renewed course of therapy failed
or in whom relapse therapy was not efficacious were
administered cyclosporin (3�5mg/kg BW). However,
there are divergent reports regarding the success rate of
this treatment. (30, 40, 59, 68, 70, 82) • In individual cases,
good results have been achieved with cyclophosphamide
(100 mg and subsequently 50 mg/day). (44) • New, effect-
ive substances that have been successfully used in AIH
type 1 include tacrolimus (94) and mycophenolate mofetil.
(8, 76) • In the case of treatment failure (prednisolone �
azathioprine), the administration of methotrexate (7.5
mg/week) proved successful in type 1. (10) Good thera-
peutic efficacy could also be achieved with 6-mercapto-
purine after failure with azathioprine. (71)

Boswellinic acids are seen as selective non-redox inhibitors of leu-
kotriene biosynthesis. Leukotrienes are mediators of inflammation.
Boswellic acids proved to be antiphlogistic, hepatoprotective and
immunosuppressive in their impact (H. P. T. Ammon et al., 1991). •
Although there has been no therapeutic application in hepatology
up to now, it is likely that future discussion will focus on this phar-
macologically interesting group of substances. (s. pp 652, 659)

A small percentage (5�15%) of patients can be defined
at an early stage as non-responders; their condition and
the laboratory parameters show no improvement within
the first 2�4 weeks. Should histological investigation
reveal bridging necroses that are already dilated as well
as multilobular liver cell necroses, conservative therapy
does not usually prove successful � such patients are
candidates for liver transplantation.

9.2.6 Overlap syndrome

Present-day immunological examination techniques
facilitate a detailed differential diagnosis of the pre-
senting overlap syndrome. They also provide informa-
tion which is useful for the pathogenetic, clinical and
prognostic assessment of the associated diseases.
Whether or not such immunological diagnostics will
result in further divergent therapeutic measures cannot
(as yet) be foreseen � but this is feasible in view of the
anticipated development and testing of new immuno-
suppressive substances (such as mycophenolate mofetil,
monoclonal anti-CD4 antibodies, T-cell vaccines, T-cell
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receptor antibodies, HLA-blocking peptides, anti-HLA
antibodies, etc.).

UDCA: The administration of UDCA offers the least risk due to
its relative lack of side effects or interactions. It is the therapy of
choice in all overlap syndromes with PBC or PSC features and
also in cases with autoimmune cholangitis phenomenology. • In
view of the above-mentioned positive effects on chronic and acute
viral hepatitis as well as in AIH, UDCA is both pharmacologically
and clinically plausible as adjuvant therapy.

Interferon: The occurrence of AIH during the treatment of chronic
hepatitis B with interferon has already been described (13), as have
manifestations and new episodes of inflammation caused by
interferon in patients with AIH and chronic hepatitis C. (32, 66,
78) The indication for interferon therapy has to be considered with
caution in cases of chronic viral hepatitis with concurrent AIH or
autoimmune cholangitis; it should also be monitored with great
care. In replicative chronic hepatitis B, B/D or C, the chronic viral
hepatitis constitutes the major factor � whereas AIH is seen as
a concomitant phenomenon. Immunosuppressive therapy is not
indicated. • In addition, as recent studies show, there are also dif-
ferences within the HCV infection itself; for example, 90% of HCV
carriers in Japan and 20% of those in the USA and Germany are
at the same time HGV carriers (GB-C). The GB-C and HGV
hepatitis viruses are designated “defective” because they require
“completion” by the helper virus HCV. (s. p. 450)

This recently acquired knowledge gives new impetus
to our suggestion of removing all patients with repli-
cative HBV, HBV/HDV and HCV infections from
their respective groups (1a, 1b, 2b, 3); they can then
be redefined and treated as separate overlap groups.
• These patients have “another immunology” � and
indeed “other statistics”.

9.3 Liver transplantation

Liver transplantation is indicated in the terminal stage
of cirrhosis, in acute liver failure and, above all, for non-
responders to long-term therapy. The 5-year survival
rate is 85�90%. Determining the right time for trans-
plantation is problematical, however. All possibilities of
medication should have been exploited first. It is remark-
able that AIH reoccurs in the transplanted liver: in
7�10% of cases after 1 year and in 65�70% of cases
after 5 years. In patients with HLA-DR3, there was no
evidence of recurrence anymore. (13) Following trans-
plantation, the autoantibodies may disappear from the
serum. (12, 22, 27, 57, 62, 75, 80, 105)
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34 Chronic hepatitis

1 Definition

Chronic hepatitis is not an entity, but a heterogeneous
group of diseases of varying aetiology, pathogenesis,
degree of activity and stage of progression. Thus, like
acute hepatitis, this condition constitutes a syndrome.
• The joint histological picture comprises predomi-
nant portal inflammation and subsequent periportitis
(� interface hepatitis) with different degrees of focal,
periportal, zonal or confluent liver cell necrosis, and
progredient fibrosis. • Duration is long: chronic
inflammatory liver diseases persist for more than 6
months. • Prognosis is doubtful. This condition may
progress through a common final stage to cirrhosis,
HCC or liver failure, but also to defective healing,
whereby stationary liver fibrosis persists.

2 Historical review
� About 70 years ago (1932), the term latent liver damage was
coined by H. Kalk, who, without any knowledge of morpholog-
ical findings, was the first clinician to attempt a classification
of different chronic liver diseases into clinical groups. • This
interpretation was the basis for G. v. Bergmann’s definition of
latent hepatopathy (1936) (s. p. 74); the clinical observations
made by him at that time indeed correspond closely to the pic-
ture of chronic hepatitis. • Based on clinical findings in eight
patients, E. Polack observed the transition of acute epidemic
hepatitis into chronic hepatitis as early as 1937. • Later, in 1942,
K. ROHOLM et al. reported on the histological progression of acute
hepatitis to chronic hepatitis in an extensive study involving twelve
patients and even monitored the further course up to the develop-
ment of cirrhosis. • In 1942 A. Kornberg used the nomenclature
chronic latent liver damage following jaundice; F. Gebhardt et al.
(1944) reported on posthepatitic residual damage and M. D.
Altschule et al. (1944) on chronic latent hepatitis following
catarrhal jaundice. The occurrence of late posthepatitic liver dam-
age was substantiated by W. Volwiler et al. (1948). (quot. 18) •
From 1947 onwards, H. Kalk provided more basic knowledge
about chronic hepatitis, which he considered to be a chronic inter-
stitial inflammation (according to R. Rössle). By means of laparo-
scopy, H. Kalk distinguished between four stages: (1.) large red
liver, (2.) large white liver, (3.) large multicoloured liver, and (4.)
large multicoloured tuberous liver. (quot. 18)

3 Histology

3.1 Classification (1968)
Based on the different histological criteria, chronic hepatitis was
subdivided in 1968 into (1.) chronic persistent hepatitis (CPH) (a
term coined by H. F. Smetana as early as 1954) and (2.) chronic
active hepatitis (CAH) (E. G. Saint et al., 1953) with a mild (type A)
and a severe (type B) course. (7) In this context so-called chronic
necrotizing hepatitis can be integrated. (24) (s. fig. 34.6) (s. tab.
34.1) • This classification was further refined by the additional
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differentiation into chronic lobular hepatitis (CLH) (H. Popper et al.,
1971) and chronic septal hepatitis (CSH) (M. A. Gerber et al., 1974).
(10) CLH and CSH are deemed to be variants of chronic persistent
hepatitis. CPH exhibits septum formation with a clear inflamma-
tory reaction, yet without piecemeal necrosis. The prognosis for
CSH is poorer than that for CLH. • Chronic minimal hepatitis
shows sparse hyaline necrosis and slight portal cellular infiltra-
tions. Generally, these alterations remain unchanged for years.
Morphologically, this term corresponds to so-called non-specific
reactive hepatitis (V. Desmet, 1986). These reactions are of an inflam-
matory nature and can be attributed to primarily extrahepatic dis-
ease or to focal intrahepatic space-occupying lesions. (s. p. 392) •
Occasionally, more severe inflammatory signs can be witnessed in
CPH due to increased viral replication and immune reactions. This
form was described as minimally active, chronic hepatitis (L.
Bianchi, 1986). (2) Thus, even CPH can develop into CAH.

Initially, this classification, which was based on well-defined
histological criteria, proved useful � especially since reliable sero-
logical or immunological differentiation was not possible at that
time. It should be mentioned that the differentiation of CLH was,
however, not generally accepted � although this condition is fre-
quently seen in chronic hepatitis C. (12, 18, 24, 26) (s. tabs. 34.1)

1. Chronic persistent hepatitis (CPH) (s. figs. 34.1, 34.2)
Variants:
� chronic lobular hepatitis (CLH)
� chronic septal hepatitis (CSH)
� chronic minimal hepatitis

2. Chronic active hepatitis (CAH) (s. figs. 34.3�34.5)
� type A � mild course
� type B � severe course
� chronic necrotizing hepatitis (s. fig. 34.6)

Fibrosis

�
�

�
�
�
�

�
Posthepatitic cirrhosis

type I: rapid development
(within 6�24 months, ca. 10%)

type II: chronic progressive development
type III: slow periodic development

“CAH with cirrhotic transformation”

Tab. 34.1: Schematized morphological classification of chronic
hepatitis and its potential to develop into fibrosis and cirrhosis

3.2 Histological criteria

The histological criteria of chronic hepatitis are (1.) liver
cell damage, (2.) inflammatory infiltration, and (3.)
fibrosis formation. These chronic inflammatory reac-
tions affect firstly the portal field, then the periportal
region (i. e. zone 1) and finally the liver lobule. Such
reactions constitute a dynamic process, whereby the
intensity of the above-mentioned criteria as well as their
topographical distribution pattern in the portal, peri-
portal and azinar area vary considerably. (14, 16)

(1.) Portal inflammation: Portal hepatitis reveals varying
inflammatory activity. It is common to all forms of
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chronic hepatitis and is composed mainly of a mixture
of lymphocytes, plasma cells and macrophages. The
portal inflammation may stop at the limiting plate, but
can also penetrate it. In a long-term course, ductular
proliferations sometimes appear at the edge of the por-
tal field; they are accompanied by granulocytes. If the
portal hepatitis shows no signs of periportal or lobular
inflammation, the disease is deemed to be inactive. (1)

(2.) Periportal inflammation: Periportal hepatitis is char-
acterized by penetration of the limiting plate. The bor-
der between the portal field and the lobule can appear
irregular; sometimes it assumes the shape of a maple
leaf. In this periportal zone (i. e. zone 1), piecemeal
necroses may develop. They are, however, not true
“necroses”, but apoptoses. Today, periportal inflamma-
tion with piecemeal necrosis is termed interface hepatitis.
This condition is not always accompanied by piecemeal
necrosis; the inflammatory infiltrate can also enter the
lobule without causing liver cell necroses. The composi-
tion of the inflammatory infiltrates is similar to that in
the portal fields. Periportal inflammation contributes to
the grading of chronic hepatitis. (1)

(3.) Lobular inflammation: Whereas lobular, diffusely
distributed inflammation is more evident, in acute hepa-
titis portal and periportal inflammation predominates
in chronic hepatitis and lobular hepatitis is less pro-
nounced. Generally, it consists of separate small clusters
of mononuclear cells. Scattered necrotic hepatocytes (�
acidophilic / Councilman bodies) are found; the hepato-
cellular nuclei are in disarray (� anisonucleosis); there
is swelling of the hepatocytes, and mitoses are present.
Marked lobular hepatitis in conjunction with consider-
able portal and periportal inflammation is typical of
“flares” of chronic viral hepatitis or autoimmune hepa-
titis. In addition to single-cell necroses, there are conflu-
ent necroses, which affect entire lobules. Bridging necro-
ses link portal tracts with other portal tracts or with
terminal venules. (1)

� Steatosis is uncommon in chronic hepatitis; however,
in chronic hepatitis C, steatosis is found in about 70%
of cases (especially in genotype 3). Generally it is mild
and non-zonal. • Cholestasis is rare in chronic hepatitis,
but more frequent in autoimmune hepatitis.

3.3 Problems of designation

Various designations have been used in the literature for
the multiform clinical picture of chronic hepatitis. This
illustrates that in the absence of biochemical, serological
and immunological test methods, chronic liver diseases
with different aetiology or pathogenesis were defined
almost exclusively on the basis of histological and occa-
sionally also laparoscopic findings as minimal chronic
hepatitis, CPH, CAH, CLH or CSH. This inevitably led
to widely varying results concerning the assessment and
treatment of the different forms. • The 5-year survival
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rate of CPH (97%), for instance, appeared to be nearly
identical to that of CAH (87%) (63), i. e. these reference
groups had been classified as CPH or CAH on the basis
of “representative” biopsy specimens � yet according
to current classification based on statistical evaluation,
they showed a largely identical composition. • The
chronic inflammatory reactions are by no means sta-
tionary, but constitute a fluent process with transitions
and overlaps. • Depending on the respective aetiopatho-
genesis, chronic hepatitis may vary greatly in its degree of
severity with regard to segmental and focal lesions. This
significant finding, which was already made some 30
years ago(!), is most certainly worth recalling (s. p. 181
and there quot.: 155) • The situation is further complicated
by the fact that only a relatively small area of the right
lobe of liver is accessible for histological examination by
way of percutaneous biopsy. Therefore, a specimen from
this area is not necessarily representative for other parts
of the liver! (s. fig. 7.8)

3.4 Classification (1994)

Increasing knowledge about HCV infection revealed
that histological findings frequently suggest a seemingly
favourable prognosis for CPH despite the high risk that
chronic hepatitis and even cirrhosis may develop. (80)
With the possibility of more exact serological and
immunological differentiation, the previously used clas-
sification proved increasingly artificial and problematic.
It was time to assess chronic hepatitis according to
aetiopathogenetic criteria. • The current classification of
chronic hepatitis is based on: (1.) aetiology of the disease,
(2.) activity of the inflammatory process (� grading),
and (3.) degree of fibrosis (� staging). (1, 8, 13) (s. tabs.
34.2, 34.3) (s. figs. 34.1�34.6)

(1.) Aetiology is based on laboratory parameters, ser-
ology, immunology or PCR. Immunohistochemical evi-
dence of HBsAg and HBcAg may, in individual cases,
confirm HBV infection as the cause of “cryptogenic”
chronic hepatitis. By evaluating the number and the rela-
tive proportions of HBs-positive and HBc-positive cells,
chronic hepatitis B can also be differentiated from HBs-
carrier status or (acute or prolonged) HBV infection; the
presence of antibodies against HAAg and HDAg also
provides verification of a specific superinfection. • The
term chronic hepatitis includes several different types: (1.)
chronic viral hepatitis, (2.) chronic toxic hepatitis, (3.)
chronic autoimmune hepatitis, (4.) chronic metabolic hepa-
titis, and (5.) chronic cryptogenic hepatitis. • Apart from
that, there are numerous other pathological processes
which may also trigger chronic hepatitis. The coincidence
of two (or three) causative factors may likewise result in
such a disease. Obviously, the severity and prognosis of
chronic hepatitis primarily depend on the cause(s). (s.
tab. 34.4)
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Fig. 34.1: Chronic persistent hepatitis: smooth liver surface with
spotted, brick-red coloured pattern. Clearly pronounced blood
vessels with perivascular connective tissue, fine perilobular fibrosis

Fig. 34.2: Chronic portal hepatitis with dense lymphocytic infiltra-
tion of enlarged portal tracts (HE)

(2.) Grading describes the necroinflammatory activity,
which is based on (1.) hepatocellular damage, (2.) liver
cell death, and (3.) inflammatory infiltration. Previously
used terms such as CPH, CLH and CAH only repre-
sented grading, but not staging. The degree of activity
ranges between minimal and severe. Various forms of
necrosis are present: (1.) focal necrosis, (2.) confluent
(bridging) necrosis, or (3.) periportal/periseptal piece-
meal necrosis. (1) • The predominantly lymphocytic
infiltrations of the portal fields occasionally result in
lesions of the bile ducts located in that area. The inflam-
matory changes then spread to the limiting plate and sub-
sequently to the lobule. Single-cell and group necrosis as
well as confluent bridging necrosis occur. • If there are no
or insufficient histological results, the values of the indi-
cator enzymes (GPT, GOT, GDH) in combination with
the DeRitis ratio and increases in γ-globulin and immu-
noglobulin levels (e. g. in autoimmune hepatitis) may
serve as substitute parameters for assessing disease activ-
ity.

(3.) Staging reflects the degree of architectural alterations
due to (1.) fibrosis and (2.) cirrhosis. Fibrosis may
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Fig. 34.3: Chronic active hepatitis: flat, undulatory liver surface
(“scattered light reflection”) with pronounced fibrosis, scarring
and a marked rim of connective tissue in the left lobe of liver. Red
spots due to highly inflammatory parenchymal areas. Isolated fine
blood vessels and distinct lymphatic congestion

Fig. 34.4: Chronic active hepatitis with periportal piecemeal necro-
sis (�) and apoptosis (�) in the lobular parenchyma

be portal, periportal, bridging portoportal or bridging
portocentral. Glisson’s capsule is also involved in fibro-
genesis. The extent of fibrosis facilitates assessment of
both the stage of chronic hepatitis and its progression
to cirrhosis. Fibrosis is differentiated using the scale of
“none” through to “severe”. • For reasons of simplifica-
tion, the abbreviations G 1-4 and S 0-3 are suggested. (s.
tabs. 34.2, 34.3) (s. figs. 34.1�34.5)

Fibrosis: As a consequence of the necroinflammatory
process, fibrogenesis is activated (s. p. 403); it begins in
the portal fields and leads to their fibrotic dilation.
Fibrosis extends to the periportal zones and can ulti-
mately link portal tracts to other portal tracts and to
terminal hepatic venules. Reliable staging requires con-
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Grading of chronic hepatitis (� inflammatory activity)

G 1: minimal � mild portal inflammatory infiltrates, intact limiting plates, isolated necrosis
G 2: low-grade � mainly portal, yet also slightly lobular inflammatory infiltrates, focal liver cell necrosis
G 3: moderate � dense portal inflammatory infiltrates, piecemeal necrosis, single-cell and group necrosis, centro-

portal bridging necrosis
G 4: high-grade � dense inflammatory infiltrates with periportal and septal piecemeal necrosis, confluent portocen-

tral and portoportal bridging necrosis, sublobular and panlobular necrosis

Staging of chronic hepatitis (� degree of fibrosis)

S 0: no fibrosis �
S 1: low-grade ��� slight portal and periportal fibrosis
S 2: moderate ��� portoportal fibrous septa
S 3: high-grade ��� portoportal/portocentral fibrous septa, active and passive septa

��
� �
� �

Stationary fibrosis Cirrhosis

Tab. 34.2: Grades of activity and stages of fibrosis in chronic hepatitis (with abbreviations of classification: G 1�4, S 0�3)

nective tissue stains, because with haemotoxylin and
eosin stains, the true extent of the fibrosing process is
often underestimated. Especially in chronic hepatitis C,
fibrosis shows wide variability. Subsequently, the forma-
tion of (active and passive) fibrous septa occurs (s. p.
407); regenerative nodules appear, pointing to the devel-
opment of cirrhosis.

Due to the borderline morphology, it is impossible to
draw a clear distinction between CPH and CAH, partic-
ularly with regard to chronic hepatitis C. Such cases
should be classified as so-called minimally active CAH
(2), since they carry the risk of cirrhosis formation. The
histological picture of CPH-C should therefore not be
equated with continuous morphological inactivity and
favourable prognosis; it is not advisable to leave such a
condition untreated, as is sometimes suggested. Chronic
inflammation always has to be regarded as a fluent pro-
cess, which may vary toporegionally. Histological find-
ings are of great importance, but nevertheless only
temporary (and possibly local) in nature. • The findings
of “chronic hepatitis” (� chronic inflammatory process)
and “cirrhosis” (� structural transformation of the
hepatic lobular architecture) may overlap toporegion-
ally. This problem of nomenclature is occasionally dealt
with by using the term “cirrhosis with CAH”. (9)

Scoring systems have been proposed for classifying the
results of grading and staging. (1, 3, 7, 12, 17, 20�23, 26) Such
semiquantitative systems seem more practicable for sci-
entific studies than for daily practice. (1) There is one par-
ticular system which can be recommended for histolog-
ical scoring with regard to chronic hepatitis; it represents
a modification of proposals. (s. tabs. 34.2, 34.3)

The histological components of chronic hepatitis can be
evaluated semiquantitatively and summarized in a histo-
logical activity index (HAI). This index combines the
values for the inflammatory infiltrate, liver cell necrosis
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and fibrosis in an end score. (15) • The HAI modified in
1995 considers all aspects of criticism mentioned in this
context and has proved very useful for comparative
observations of the course of disease. (13)

G1: Minimal chronic hepatitis
� loose lymphocytic infiltrate, single-cell necroses
� slightly widened portal fields, intact limiting plate

G2: Mild chronic hepatitis
� more dense lymphocytic infiltrates
� widening of portal fields
� lymphoid/pseudolymphoid follicles
� single-cell and group necroses
� damaged limiting plate (piecemeal necroses)

G3: Moderate chronic hepatitis
� numerous piecemeal necroses, clearly widened portal fields
� dominant lymphocytes, liver cell rosettes
� pronounced necroses in the parenchyma
� dense inflammatory infiltrates in the lobule

G4: Severe chronic hepatitis
� bridging necroses, greater number of piecemeal necroses
� street-like hepatocyte decay with lymphocytic infiltrates
� structural disorder of the liver

S1: Minimal fibrosis
� mild fibrous expansion of the portal fields
� unchanged parenchyma

S2: Mild fibrosis
� distinct fibrous widening of the portal fields
� periportal fibrosis with fine strands in zone 1

S3: Moderate fibrosis
� complete connective-tissue septa
� portoportal and portocentral septa

S4: Severe fibrosis
� pronounced formation of bridging fibrosis
� transition into cirrhosis cannot be ruled out
� nodular regeneration

Tab. 34.3: Chronic hepatitis: inflammatory activity (grading)
(G1�4) and degree of fibrosis (staging) (S1�4)
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At the end of the morphological development of
chronic hepatitis, aetiologically defined cirrhosis
occurs in a certain percentage of cases. In this con-
nection, no “primary” cirrhosis exists (as with the
exclusively historical term “primary” biliary cirrho-
sis). Even though cryptogenic cirrhosis may be in evi-
dence, the term “primary” is not acceptable because
cirrhosis is not a “primary” occurrence!

4 Aetiology and differential
diagnosis

More than 600 million people are suffering from chronic
hepatitis of different aetiology worldwide. Most of the
diseases included in the syndrome of acute hepatitis (s.
fig. 22.6) may also develop into chronic hepatitis. The
latter is therefore likewise considered to be a syndrome,
i. e. heterogeneous group of chronic inflammatory liver
diseases. • In most cases, chronic hepatitis is caused by
the hepatitis viruses B, C, B/D, possibly also C/G and
GB-C. • However, a case of chronic hepatitis due to HAV
infection was reported for the first time by K. INOUE et al.
in 1996. (27) • Isolated cases of chronic hepatitis caused
by bacteriae or secondary hepatotropic viruses have
been reported, e. g. Q fever (P. Atienza et al., 1988), CMV
(126), Epstein-Barr virus. • Chronic hepatic autoim-
munopathies are more common than has hitherto been
assumed (10�20%). Toxic liver damage may pose great
problems in differential diagnosis. Fulminant liver fail-
ure can also develop into chronic hepatitis. Genetic and/
or metabolic diseases are relatively rare, but should
always be taken into account in the broad spectrum of
chronic hepatitis. All of these possibilities which must
be considered in the differential diagnosis require their
own specific diagnostic parameters. (s. tab. 34.4)

Cryptogenic CAH: All chronic inflammatory liver dis-
eases that have not yet been fully clarified as regards
their aetiology are subsumed in the group of crypto-
genic chronic hepatitis (15�20%). • As a result of
improved biochemical, serological, immunological and
histological/histochemical test procedures, this group is
diminishing in terms of figures. It can be expected that
there will be further “revelations” concerning differential
diagnostics in the near future and that the cryptogenic
chronic hepatitis group will gradually disappear.

Posthepatitic CAH: In terms of frequency, chronic hepa-
titis caused by hepatitis viruses (B, C, B/D) clearly pre-
dominates. (s. tab. 34.4) Because of their great epidemio-
logical and prognostic relevance, treatment of these viral
forms of chronic hepatitis has become a central issue,
particularly since the use of newly-developed com-
pounds has facilitated genuine therapeutic success for
the first time. Until recently, no antiviral compounds
were available � hence, a real breakthrough has now
been achieved.
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Non-viral CAH: It should be noted that the treatment
of the other, non-viral causes of chronic hepatitis is
discussed in separate chapters covering the respective
clinical pictures. (s. tab. 34.4)

1. Primary hepatotropic viruses (see chapter 22)
� Hepatitis (A?) (s. p. 422!) � Hepatitis C
� Hepatitis B, B/D � Hepatitis C/G

2. Secondary hepatotropic viruses (see chapter 23)
� Cytomegalovirus � Q fever
� Epstein-Barr virus

3. Bacterial infection (see chapter 24)

4. Parasitic infection (see chapter 25)

5. Toxic causes
� Alcohol (see chapter 28)
� Drugs (see chapter 29)
� Chemicals (see chapter 30)

6. Genetic/metabolic aetiology (see chapter 31)
� Abetalipoproteinaemia � Galactosaemia
� α1-antitrypsin deficiency � Haemochromatosis
� Chronic hepatic porphyria � Mucoviscidosis
� Glycogen storage disease � Wilson’s disease

7. Autoimmunopathies
� Primary biliary cholangitis (see chapter 32)
� Primary sclerosing cholangitis (see chapter 32)
� Autoimmune cholangitis (see chapter 32)
� Overlap syndrome (see chapter 32)
� Autoimmune hepatitis (see chapter 33)

8. Chronic cardiac liver congestion
9. Immunological rejection following transplantation

10. Malignant lymphoma

11. Cryptogenic chronic hepatitis

Tab. 34.4: Aetiology and differential diagnosis of chronic hepatitis
(see respective chapter for more details)

5 Diagnosis

5.1 Clinical findings

Chronic hepatitis may take an asymptomatic course for
several years, both subjectively and in terms of clinical
findings. Frequently, it is only noticed by chance. In
some cases, liver cirrhosis may be present at initial diag-
nosis. • Symptomatic courses are most commonly char-
acterized by chronic fatigue (so-called “pain of the
liver”), exhaustion and reduced performance; occasion-
ally, patients suffer from malaise, loss of appetite, nau-
sea, intolerance of certain foodstuffs and meteorism as
well as myalgia and arthralgia. The complaints are often
discrete and variable � but also non-specific, which eas-
ily leads to misinterpretation. (s. p. 77) • Clinical find-
ings, such as hepatomegaly, skin stigmata of liver disease
(s. p. 79) or urobilinogenuria, usually only become
manifest after prolonged disease. Acute episodes are
generally accompanied by low-grade jaundice. (12, 18, 19,
45, 47)
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5.2 Laboratory findings

Initially, laboratory findings are ambiguous. There is a
moderate increase in GPT, GOT, GDH and γ-GT. In
toxic and cholestatic forms, γ-GT and AP are corres-
pondingly elevated. Cholinesterase is generally reduced.
The rise in transaminases is a sign of enzymatic activity,
which usually correlates to a greater or lesser extent with
histological activity. The elevation of γ-globulins and
immunoglobulins is a sign of mesenchymal activity (s.
p. 100); it is also an expression of the severity of fibrosis.
The latter may be recognized by the rise in serum P III
P and hyaluronic acid values. (111, 123) (s. p. 112) Zinc
deficiency is frequently found, albeit less pronounced
than in cirrhosis • However � as has been mentioned
above � no exact diagnosis is possible yet. • Subsequent
diagnostic procedures should include specific param-
eters. Viral serology is examined step by step and, in the
case of suspicion, also the antibody profile (e. g. ANA,
SMA, LKM, LP); in cholestatic forms, AMA and
pANCA are likewise determined. (s. tabs. 5.20; 33.1)
Metabolic liver diseases require individual laboratory
tests, such as copper, ferritin, porphyrins or α1-anti-
trypsin. (18, 50, 56, 76, 89, 108, 133)

The 4-fold enzyme pattern, which is compiled by adding
alkaline phosphatase to the 3-fold pattern, has proved
useful as a general screening test. Hereby, non-respond-
ers who do not show a γ-GT increase in cholestasis
(2�3%) are also detected. Liver disease is confirmed or
ruled out with a probability of 96�97%. (s. tab. 5.11) •
Further diagnostic clues are rapidly and easily obtained
by means of enzyme ratios. (s. tabs. 5.6, 5.7)

5.3 Morphology

As far as possible, the morphological diagnosis should
be established during the first investigation by targeted
liver biopsy (right and left lobes of liver) using laparo-
scopy. The structure of the liver surface should be
recorded photographically. Examination of the biopsy
specimens with UV light is essential. The sensitivity of
percutaneous liver biopsy in chronic hepatitis is
75�80%, but 98% for laparoscopy plus biopsy (R.
Orlando et al., 1990) and about 100% for biopsy speci-
mens collected from both liver lobes. (5, 6, 9, 11, 71, 110,
212) (s. fig. 7.10) (s. pp 144, 157, 627, 699)

5.4 Imaging techniques

Imaging techniques (with the exception of ERC, e. g. in
PSC) are generally of no diagnostic value in chronic
hepatitis prior to the development of cirrhosis. • Sono-
graphy is regarded as a basic, routine examination and
is always indicated in cholestatic diseases or suspected
cirrhosis. (9) There is often evidence of abdominal
lymphadenopathy (especially of the hepatoduodenal
ligament), which points to a more severe histological
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picture. (25, 33) • CT should be carried out in cases where
α1-foetoprotein, which is initially subject to regular
monitoring at longer intervals, shows a continuous
increase, thus arousing suspicion of the development of
hepatocellular carcinoma. • In concordance with the
histopathological stages, 1H-MR spectroscopy indicated
the severity of fibrosis in chronic hepatitis. This imaging
technique was suggested as a potential substitute for
liver biopsy in staging chronic hepatitis. (4)

6 Course and prognosis

6.1 Course

The natural course and dynamics of chronic hepatitis
are determined by the underlying disease. In line with
the multiplicity of causes, the disease course is highly
variable: on the one hand, there are courses, which
remain virtually static for years (“chronic persistent”) �
i. e. chronic hepatitis shows no changes in terms of clin-
ical, biochemical and histological findings; on the other
hand, there are chronic active courses, which progress
rapidly (“chronic aggressive”), as well as “necrotic”
hepatitis, which may result in cirrhosis within a few
months (!). In contrast, remission periods of varying
duration may also be observed. • The question of “why”
the disease shows chronification in individual cases or
“why” there is sometimes evidence of exacerbation
remains unanswered. However, there are several possible
causes which are cumulative or may even potentiate
each other. Thus, the course of disease and therapy suc-
cess are strongly influenced by the individual genotype
of HBV (42, 58, 66), lipid peroxidation (35) and microcir-
culatory disturbances. (39) (s. tab. 34.5)

Basis for initial prognosis:
1. Early or late diagnosis
2. Underlying disease
3. Available therapy regimens

Risk factors:
1. Impaired immune system

• genetically determined • endogenously induced
• exogenously induced

2. Endogenous mechanisms of impairment
• hepatitis virus mutations
• endocrine imbalance
• toxins

3. Exogenous factors
• alcohol • drug addiction
• drugs • infections
• chemicals • malnutrition

4. Lipid peroxidation

5. Extrahepatic manifestations

Tab. 34.5: Prognostic factors and possible causes of chronification,
exacerbation or reactivation in hepatitis

The severity of liver cell necrosis is the focal point of the
pathogenetic process; it determines both the dynamics
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and variability of the course of disease. Liver cell necro-
sis may result from (1.) direct damage by the causative
factor, (2.) free radicals and lipid peroxidation (s. fig.
21.12) (s. pp 68, 401), and (3.) inadequate activation of
CD4� and CD8� T lymphocytes in viral infection. •
Lymphocytic infiltrates develop together with liver cell
necrosis and the activation of phagocytosis. There is an
increase in fibrosis with the associated deterioration in
metabolic activity and thus further liver cell necrosis. (s.
p. 400) Liver cells proliferate and regeneration nodes
form, leading to more distortion and rarefaction of the
vascular architecture. • Persistent liver cell necrosis con-
tinues to activate the cascade of proliferation processes
and cause fibrosis: chronic inflammatory liver disease
progresses to cirrhosis. Development of cirrhosis occurs
with a probable frequency of 2�3% per year, i. e. a
cumulative frequency of 15�20% in 5 years. In 2,215
patients with chronic viral hepatitis, the rate of develop-
ment of cirrhosis was 7.6%, 21.7% and 32.2% in the 5th,
10th and 15th year, respectively (K. Ikeda et al., 1998).
Highly active CAH (type B) leads to the development
of cirrhosis after 7 years in 80�85% of cases, with a
mortality rate of 40�45%. (34, 41, 49, 60, 135) • Should
the damaging process come to a halt with no further
liver cell necrosis, spontaneous remission occurs in
approx. 3% of cases per year, or partial recovery takes
place with defective healing at the respective stage of
(generally irreversible) liver fibrosis. (92, 97, 100, 109, 111,
122, 123, 171, 224, 240, 257) Depending on the severity and
localization of fibrosis and on the perfusion resistance,
portal hypertension can develop. (18, 37, 49, 63, 139)

6.2 Extrahepatic manifestations

Extrahepatic disease manifestations associated with
chronic hepatitis B and C are frequent; about 40 forms,
mainly autoimmune disorders, have been reported up to
now. (s. tabs. 22.2, 22.7, 22.8, 32.3, 32.6, 33.2) A reliable
association of these manifestations with HBV and HCV
is not known, nor is a true frequency given. The most
common association is found with HCV infection.
Apparently, HCV has tropism for cells other than hepa-
tocytes, particularly lymphocytes. Therefore it has been
postulated that the HCV infection of lymphocytes may
be the “cause” of a greater number of extrahepatic
(especially autoimmune) diseases. A selection of extra-
hepatic manifestations shows the wide clinical spectrum
of these disorders. (67, 112, 119) (s. tab. 34.6)

Mixed cryoglobulinaemia: The term cryoglobulinaemia was first
used by A.B. Lerner et al. in 1947. Clinical manifestation consists of
the Meltzer triad : (1.) weakness, (2.) arthralgias, and (3.) palpable
purpura (M. Meltzer et al., 1966) as well as other clinical features,
including glomerulonephritis, hepatomegaly, splenomegaly and
lymphadenopathy. Morphologically, there is predominant leucocy-
toclastic vasculitis involving medium and small-sized arteries with
deposition of immunocomplexes in the vessel walls and subsequent
inflammatory reactions. An association with HBV infection was
first described by Y. Levo et al. in 1973 and with HCV infection by
M. Pascual et al. in 1990. There are three forms of cryoglobulin-
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aemia, whereby type II consists of monoclonal IgM and polyclonal
IgG and type III of polyclonal IgM with RF activity. The course
is mostly asymptomatic. The prognosis is unpredictable in the indi-
vidual case. • Therapy of the HCV-associated form is with IFNα
� ribavirin, more recently with anti-CD20 antibody rituximab (F.
Zaja et al., 1999). (107, 140, 209, 217)

Antiphospholipid syndrome Non-Hodgkin’s lymphoma
Behcet’s syndrome Pancreatitis
Chronic fatigue syndrome Pleural effusion (43)
CREST syndrome Polyartheriitis nodosa
Cryoglobulinaemia (107, 140) Polymyositis
Dermatomyositis (78) Porphyria cutanea tarda
Diabetes mellitus Pulmonary fibrosis
Fibromyalgia Sarcoidosis (75)
Glomerulonephritis Schönlein-Henoch purpura (57)
Guillain-Barré syndrome Sialadenitis (117)
Haemolytic anaemia Sjögren’s syndrome
Hypocholesterolaemia Still’s disease (38)
Lichen planus (78) Thyreoiditis (69)
Lupus erythematodes Urticaria
Multiple myeloma Uveitis

Tab. 34.6: Selection of extrahepatic disease manifestations associ-
ated with HBV or HCV infection (with some references)

6.3 Hepatocellular carcinoma

It is likely that the development of hepatocellular car-
cinoma is predominantly due to chronic regeneration.
Usually, cirrhosis precedes the development of HCC by
several years. The risk of developing HCC in HBV or
HCV infection with cirrhosis is about 3�5% of cases/
year. However, individual cases of HCC without cirrho-
sis have also been reported. • Direct carcinogenic defects
are assumed for hepatitis B (32, 44, 60) and hepatitis C
(60, 79) as well as for haemochromatosis and alcohol-
related disease. In 2,215 patients with chronic viral
hepatitis B or C, the rate of development to HCC
proved to be as follows: 2.1/4.8% in the 5th year, 4.9/
13.6% in the 10th year and 18.8/26.0% in the 15th year
(K. Ikeda et. al., 1998). • Vaccination against HBV infec-
tion prevents the development of HCC. (32) Successful
treatment of chronic hepatitis C by means of IFN con-
siderably lowers the risk of HCC. Fundamentally, an
increased frequency of HCC has been observed in all
kinds of cirrhosis, regardless of aetiology. The period
of time prior to the development of cirrhosis and the
subsequent occurrence of HCC is decisively influenced
by the underlying cause. • Regular, periodic monitoring
of �1-foetoprotein together with sonography is initially
indicated. A continuous increase in α1FP requires inves-
tigations by CT (and laparoscopy) for suspected HCC.
(s. pp 433, 444, 775)

6.4 Prognosis

The prognosis for chronic hepatitis is unfavourable.
Depending on its aetiology, the individual course varies
and is therefore difficult to predict. Prognosis depends
on: (1.) early diagnosis, (2.) the nature of the underlying
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disease, and (3.) the therapeutic possibilities available.
The initial prognosis may be greatly worsened by immu-
nological, endogenous and exogenous risk factors (s.
tab. 34.5), e. g. childhood (31) and advanced age, high
viral load and special viral characteristics. (19, 37, 40, 42,
51, 58, 61, 139, 142)

It is noteworthy that HBV DNA may persist in the
serum and liver despite the elimination of HBsAg.
Contrary to early reports, carefully performed long-
term studies have shown that the prognosis is essen-
tially more favourable with exact diagnosis and appro-
priate long-term treatment. (53) • Coinfection with
HGV and GBV-C or HCV is frequent, but it has no
influence on the course and severity of chronic hepati-
tis C or on liver transplantation. (74)

6.5 Chronic HBV infection

The frequency of chronic hepatitis following acute HBV
infection is 5�10%. The total number of patients with
chronic infection B is estimated at 350�400 million
worldwide, in Germany about 500,000. HBV infection
in childhood leads to a higher rate of chronicity. Lethal-
ity rate is up to 1%. (see chapter 22.4!)

In addition to the basic risk factors (s. tab. 34.5), possible
causes of chronicity in HBV infection also include weak
or non-existent virus-specific T cell activation, reduced
interferon production and the occurrence of an HBeAg-
minus variant. • Morphology generally shows ground glass
hepatocytes or HBc-containing liver cell nuclei, so-called
sanded nuclei. Ground glass hepatocytes contain homo-
geneous, glassy, slightly eosinophilic cytoplasm, which
immunohistochemically displays a positive HBsAg reac-
tion. This condition is probably a result of an abnormal
composition of the HBsAg; in this special form, it cannot
be discharged by hepatocytes. (62) (s. pp 113, 424) HBsAg
can be stained with orcein in the hepatocytes only in HBV
carriers and chronic hepatitis B (but not in the acute
phase). (s. fig. 5.7) Mallory bodies are encountered much
more rarely than in chronic hepatitis C. • Based on quan-
titative determination of certain serological markers,
three stages of chronic hepatitis B are distinguished: (1.)
high-replication phase with excessive HBcAg expression
in the liver, positivity of HBsAg, HBeAg and DNA, mod-
erately increased transaminases (� immunotolerant), (2.)
low-replication phase with increase of transaminases,
decrease of DNA titre and positivity of anti-HBc (�
immunoactive), and (3.) healing process. Yet, minimal
replication (< 105 copies/ml in PCR) may also persist with
HBeAg negativity. This may cause a more severe course
or even the much-feared “reinfection” of the liver
transplant. (28, 55) • Seroconversion marks the transition
from the high-replication phase to the low-replication
phase: loss of HBeAg and presence of anti-HBe with
transaminases simultaneously reduced or normalized.
(30, 46, 53) In the spontaneous course of chronic hepatitis
B, seroconversion occurs every year in 1�3% (� HBsAg
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to anti-HBs) or 10�15% (� HBeAg to anti-HBe) of
cases. Perinatally transmitted HBV may be spontane-
ously eliminated during a period of 30�40 years (K.
Ördög et al., 2003). • Shortly before or during IFN-induced
seroconversion, a transitory inflammatory episode with
elevation of GPT, GOT and GDH in the serum (“flare-
up”) is frequently observed. With subsidence of this reac-
tion and normalization of the transaminases, HBeAg is
usually no longer detectable. Reactivation is rare, but can
be triggered by various factors, such as cytostatics (64),
etc. Carriers of chronic hepatitis B are quite frequent. (29,
61) Their urine may be infectious. (s. figs. 34.5, 34.6)

Fig. 34.5: Chronic, mildly active hepatitis B with pronounced peri-
portal and septal fibrosis (as a sequela of previous inflammatory
episodes)

Fig. 34.6: Chronic necrotizing hepatitis B: marked postnecrotic
cleft formation in the area of the left lobe of liver (10 months after
severe, acute necrotic hepatitis). Brownish to brick-red colouring
of the liver with a flat, undulatory surface, scarry indentations and
proliferation of connective tissue as well as spots of capsular fibro-
sis. Fine hypervascular arteries, pronounced venous contours and
isolated lymph vessel congestion

The healing process, which is the third phase (HBsAg,
HBeAg and HBV RNA negativity as well as anti-HBs
and anti-HBe positivity together with normalization of
GPT), is rarely spontaneous. • After HBeAg elimination
with permanent remission and anti-HBe positivity, two
serological courses may also occur: (1.) persistence of



Chapter 34

chronic hepatitis B despite the presence of anti-HBe and
(2.) transient anti-HBe positivity with recurrence of
HBeAg (30% of cases) as well as exacerbation and persis-
tence of chronic hepatitis B.

In 10�30% of cases, cirrhosis appears with high mor-
bidity and mortality, 3�6%/year. A clear reduction in
the development of cirrhosis was achieved by admin-
istration of colchicine (5 mg/week) for a period of 4
years. The 10-year survival rate is 89% in CPH, 74% in
CAH and as low as 47% in cirrhosis. • The frequency
of HCC in patients with cirrhosis B is about 2%/year,
i. e. the risk is approx. 200 times higher than in healthy
subjects. (34, 36, 44, 51, 54, 59, 65) Development of HCC is
closely associated with the seromarker status: the fre-
quency of HCC was 87% in positivity of HBsAg and
HBeAg, in HBsAg alone 12%, and in negativity of both
markers only a rare event (1% of cases). (65)

6.6 Chronic HCV infection

The number of people suffering from chronic hepatitis
C is estimated at approx. 200 million worldwide; in Ger-
many the number is 600,000�800,000 (113, 142) If an
HCV infection has not been registered, there is obliga-
tion of notification for chronic hepatitis. • Genotypes
1�3 have been observed worldwide, genotypes 4�5 pre-
dominantly in the Middle East or Africa, and genotype
6 in Asia. Different genotypes may be detected in a
single patient at the same time or at different stages of
the disease. The prognosis of an HCV infection differs
in relation to the genotype (see chapter 22.5!)

Diagnosis: The level of HCV-IgM antibody titres correl-
ates with the degree of severity of chronic hepatitis C.
Evidence of anti-HCV is an important clue, but it can
be interpreted as (1.) acute infection, (2.) chronic infec-
tion, (3.) carrier status, or (4.) non-infectious immune
status. It should be noted that a negative test does not
exclude viraemia. Infection can only be detected on the
basis of HCV RNA using the PCR method; this is pos-
sible just a few days after infection. • A correlation
(albeit only of minor significance) between the serum
titre of HCV RNA and the level of transaminases is con-
troversial. Evidence of elevated transaminases requires
differential diagnostic clarification, which may result in
confirmation of HCV infection. Transaminases are a
good marker for chronic hepatitis C (generally being 3
to 5-fold the norm); the GPT/GOT ratio may point to
the development of cirrhosis. Often (about 30%), how-
ever, stages of chronic hepatitis C with normal trans-
aminases can be found. (125) They correlate well with
modest proliferation and apoptosis as well as with the
development of low-degree fibrosis, particularly during
simultaneous abstinence from alcohol.

In long-term follow-ups, the transaminases frequently
display major fluctuations in activity (rise and fall
before reaching their normal level). (48) Occasionally,
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there is a remarkable elevation of γ-GT, which is often
even higher than GPT, initially raising suspicion of alco-
hol-induced liver damage. (138) In patients with
increased γ-GT (particularly with a rise in AP), more
severe damage of the bile ductules is evident. A decrease
in hepatic function and a rise in gamma globulins and
P III P can only be found during the development of
cirrhosis. In most cases, the course of disease is anic-
teric. • Frequently, a rise in serum iron, ferritin and iron-
binding capacity as well as increased iron resorption can
be witnessed. • Autoantibodies are often found: ANA
and/or SMA (15�20%), LKM 1 (5�10%), AMA
(1�2%); anti-GOR is detectable in 70�80% of patients.
(76) (s. p. 681) Anti-GOR titres correlate with both ther-
apeutic success and relapses. • Extrahepatic immunopa-
thies are common and multifaceted. (67, 112, 119) (s. tab.
34.6) Cryoglobulinaemia was in evidence in 40�50% of
cases. It did not influence IFN therapy. (107, 140)

Coinfections: HGV-C has no deleterious effect on the
course or treatment of chronic hepatitis C (115) despite
conflicting observations. The simultaneous detection of
TT viruses in the serum or hepatocytes, particularly
with type 1b and at an advanced stage of the disease,
does not have an unfavourable effect (146). Coinfection
with HBV leads to aggravation of the condition. Acute
hepatic failure must also be anticipated, as is the case in
HAV and HBV concomitance. (141) Active inoculation
is therefore recommended for lack of immunity against
HAV and HBV.

Perihepatic lymphadenopathy: This symptom was ob-
served in chronic hepatitis in 1994 by K. Lyttkens et al.
using sonography. It is common in chronic hepatitis C
(60�100% of cases) as well as B � even with normal
liver values. (102) There is a correlation between lymph
node volume and hepatic inflammatory activity or vir-
aemia. A decrease in the total volume of lymph nodes
is associated with a sustained virological response and
an improvement in liver histology. (81, 116, 143, 147)

Morphology: Following routine sonographic examin-
ation, morphology is clarified by liver biopsy. (70, 71, 73,
91, 94, 127, 137) Because the diagnosis is mostly estab-
lished after a prolonged course of disease, liver biopsy
should be carried out with the help of laparoscopy to
obtain more reliable morphological findings by taking
specimens from both lobes of liver and inspecting the
liver surface (with photodocumentation!). (s. figs. 7.15,
7.16; 28.7) • In addition to the chronic inflammatory
changes, which are often accompanied by bile-duct
lesions and portal follicle-like lymphocyte aggregates,
there is generally steatosis of the liver (40�50% of
cases). Together with elevated γ-GT, this raises suspi-
cion of alcohol-induced liver damage. (99, 131, 247) Fatty
degeneration of hepatocytes in different intensities (e. g.
due to hypobetalipoproteinaemia) is attributable to
chronic hepatitis C (directly or indirectly) as well as to
various noxae, obesity, diabetes, etc. Genotype 3 is
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steatogenic. Mallory bodies are frequently detectable,
whereas they are rare in chronic hepatitis B. Chronic
lobular hepatitis accompanied by sinusoidal infiltration
with lymphocytes in single-file arrangement is often pre-
sent. • Chronic HCV infection shows findings with great
toporegional variation. CPH and CAH (and also CLH)
may therefore be present in the same liver, sometimes
even showing localized initial signs of transformation.
Progressive fibrosis is decisive for both course and prog-
nosis. (92, 97, 100, 109, 111, 122, 123) Lipid peroxidation
products demonstrated in the liver correlate very closely
with fibrosis. (72, 80, 85, 105, 110, 111, 114, 134, 142) (s. tab.
34.3) (s. fig. 34.7)

Fig. 34.7: Chronic, mildly active hepatitis C with portal lymph
follicle (�) (HE)

� The morphological divergences in “chronic hepatitis”
within the liver itself had already been noted by L. WAN-

NAGAT in 1977 with the help of laparoscopy and segmen-
tal portography (s. p 181!) long before viral differenti-
ation became possible. • These divergences have now
been taken into account in the new nomenclature.

Course and prognosis: The natural course of HCV infec-
tion varies from patient to patient; it is influenced by
the specific mode of infection This remains unclarified
(� sporadic) in 30�40% of cases. Possible routes of
transmission for HCV infection include: i. v. drug abuse
(85), mother-to-child infection, skin injuries, promiscu-
ity, nosocomial infection, contaminated blood products
(136, 139), etc. Pregnancy as well as breast feeding are
allowed (but not in the case of a high viral load). • Some
70�80% of acute HCV infections show an asymptom-
atic course, of which 50�85% develop into a chronic
hepatitis, i. e. HCV infection is the most frequent cause
of chronic active hepatitis. • Risk factors are important
for the course of disease. (135) Alcohol (120, 128, 129, 144),
iron (83, 84, 133), obesity (97, 99, 118), insulin resistance
(97, 100), smoking (96), lipid peroxidation (84) and copper
overload (95) play a decisive role. • The course itself is
mostly insidious with uncharacteristic complaints such
as fatigue (121, 124), decreased performance and loss of
appetite. The quality of life is reduced. (88) If the regula-
tions concerning hygiene are adhered to, there is princi-
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pally no impairment in the individual ability to go to
work. Neuropsychological impairment can often be
observed. (87, 98, 106) In 10�30% of cases, chronic HCV
infection is only recognized at the stage of cirrhosis. A
total of 20�30% of patients with chronic hepatitis C
develop cirrhosis within 20 years. HCC occurs in ca.
20% of cases, i. e. 2�6%/year. (79, 103). Pretreatment
fibrosis, elevated age and alcohol abuse are risk factors
for development of HCC, even in SVR. About 10
(�50)% of cases develop non-Hodgkin lymphoma. (93)
The development of associated lymphoproliferative dis-
eases can be explained due to the binding of the HCV
virus to the B-cell surface marker CD 81; this leads to
a stimulation of B cells, resulting in lymphoproliferative
disorders. (101) (s. tab. 34.6) • Some patients with anti-
HCV and HCV RNA positivity did not present with
pathological liver values or histological liver damage.
Possibly, these cases involve a special type of HCV, or
the HCV infection is not recognized by the patient’s
immune system. (68, 77, 82, 85, 104, 106, 114, 106, 114, 122,
145)

Differential diagnosis: The following conditions should
be excluded: (1.) alcohol-induced liver disease, (2.) pri-
mary biliary cholangitis (86), (3.) porphyria cutanea tarda
(108), and (4.) autoimmune hepatitis (89) or autoimmune
cholangitis (132) associated with anti-HCV.

6.7 Chronic HBV/HDV infection

Chronic hepatitis D generally takes a more severe course
with especially striking histological findings. Prognosis
is very poor. Cirrhosis develops (particularly in superin-
fection with HBV replication) in 60�70% of cases � in
about 15% already within 1�2 years. Serology shows
anti-HDV, generally with HBsAg and HBeAg positivity.
Serum HDV RNA is present, but often detectable only
by PCR; the delta-antigen is also found in the liver tis-
sue. CAH D cannot be reliably differentiated from CAH
B by means of clinical and histological criteria. How-
ever, additional HDV infection with clear, lobular mes-
enchymal reactions must be considered in pronounced
chronic hepatitis B. (148�151)

7 Therapy
7.1 General treatment
� Physical exercise: Excessive physical exercise should be avoided.
During inflammatory episodes, which are generally accompanied
by subjective complaints, it is advisable to minimize physical effort
and to lie down (“bed rest”) as often as possible. Otherwise,
patients may pursue their normal activities, i. e. light exercise,
return to work (without overstrenuous tasks) or simple housework.

� Diet: No dietary measures are necessary in chronic hepatitis �
there is no special diet for this condition. The physiological prin-
ciples of nutrition should be used as a guideline. Overweight should
be gradually reduced. • Alcohol is not permitted (aggravation of
cell damage, increase in fibrogenesis, early development of cirrho-
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sis, HCC, etc.). Hepatotoxic substances and smoking should be
avoided.

� Hygiene: In the case of potential infectiosity, all necessary
hygiene measures should be observed, if necessary in consultation
with the Public Health Department. This especially applies to the
work environment and to the question of active vaccination of
family members or close contact persons against HBV (� prophy-
lactic vaccination ring). (s. pp 422, 435)

In HAV or HBV negativity in chronic hepatitis C or in
HAV negativity in chronic hepatitis B, the immuno-
deficiency should be compensated by corresponding
active vaccination. • Additional viral infections must be
avoided!

7.2 Therapy of chronic hepatitis B

Several compounds have been used in treating chronic
viral hepatitis. Experimental and clinical studies have
focused on four groups of substances: (1.) antiviral
agents, (2.) immunostimulants, (3.) molecular biological
agents, and (4.) adjuvant medicinal remedies. • The rate
of spontaneous seroconversion is 8�15%/year.

7.2.1 Aims of treatment

An indication for treatment is given (1.) in chronic infec-
tion with considerable activity in order to avoid cirrho-
sis or HCC, (2.) in chronic infection with cirrhosis in
order to avoid decompensation or HCC, and (3.) pos-
sibly for immunosuppressed patients or medical staff
with chronic infection showing only slight activity. • The
level of transaminases and HBV-DNA values are im-
portant factors regarding the indication for therapy.

The aims of treatment are: (1.) normalization of the
transaminases, (2.) negativity of HBeAg as well as
reduction of HBV-DNA to < 105 copies/ml, and (3.)
elimination of histological activity as well as avoidance
of fibrosis. This leads to a better quality of life for the
patient. The prognosis can be improved considerably if
therapy-induced HBeAg negativity is reached. • Elim-
ination of HBsAg by means of interferon is only
achieved in 10�20% of cases.

� For the treatment of chronic hepatitis B, a four-fold
classification has proved useful:

(1.) Immunotolerant phase: positivity of HBsAg and HBeAg,
increase in HBV-DNA values (> 106 copies/ml), normal to 2-fold
elevated transaminases. • Generally, no therapy is necessary (but
lamivudine or adefovir can be applied).

(2.) Immunoactive phase: Continued positivity of HBsAg and
HBeAg, significantly elevated (> 2-fold) transaminases, lower
HBV-DNA values (but still > 105 copies/ml). There is medium to
strong necroinflammatory activity. • Therapy with interferon is
indicated (possibly with lamivudine or adefovir).

(3.) HBe-minus phase: Predominance of minus mutants which can
no longer synthesize HBeAg (so-called precore mutants). HBeAg
is therefore negative, transaminases are still more than twice the
normal value, HBV-DNA levels are elevated (>105 copies/ml). •
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This HBeAg-negative form is found worldwide; it has a high repli-
cation rate and an increased histological index. Spontaneous
remissions are less common than with the HBeAg-positive form.
• Therapy is based on lamivudine or adefovir (possibly with
interferon).

(4.) Non-replicative phase: HBeAg is negative, transaminases are
normal, HBV-DNA values are low (<105 copies/ml) or negative in
a non-PCR procedure. • No therapy is required.

7.2.2 Interferon therapy

� Interferons (IFN) are glycoproteins which possess
antiviral, antiproliferative and immunomodulatory pro-
perties. Besides the main types α, β and γ, other forms
are available (lymphoblastoid IFNα, consensus IFNα). •
Administration is subcutaneous. Bioavailability is about
90%. The serum peak is reached by using IFNα2a after
6�8 hours with a half-life period of 5 hours or by using
IFNα2b after 3�12 hours with a half-life of 3 hours.
Elimination is primarily via the kidneys. Interferons
inhibit CYP1A2. There is no development of resistance.
(158, 160, 182) (see chapter 40.5.1.1)

Some findings point to a good response regarding an
antiviral effect of IFN (so-called “ideal patient”) and
other findings to a poor response. They are considered
as selection criteria for IFN treatment. (s. tab. 34.7)

Good response (“ideal patient”)

1. High GPT (�100 U/l)
2. Low HBV DNA titre (�105 copies/ml)
3. Infection in adulthood
4. Short period since infection (�5 years)
5. Female
6. No co-infection, no noxae
7. Genotype A

Poor response

1. Low GPT (�100 U/l)
2. High HBV DNA titre (�105 copies/ml)
3. Infection perinatally or possibly in early childhood
4. Long course since infection (�5 years)
5. Increased hepatic iron content
6. Coinfection (e.g. HDV, HCV, HIV)
7. Coexistent noxae (e.g. alcohol, drugs)
8. Genotype C or D

Tab. 34.7: Selection criteria for IFN therapy in chronic hepatitis B
with indicators of good or poor response • (1 pg/ml � ca. 300,000
copies/ml � 50�60,000 IU/ml)

Therapy scheme: IFNα (or Peg IFNα) is currently the
antiviral agent of choice; it is applied as monotherapy.
The following dosage is considered to be the most
effective scheme of therapy: IFN� at 5�6 million U/day
or IFN� at 9�10 million U, 3 x/week, preferably in the
evening, usually self-administered (s.c.), in each case for
4�6 months. A seroconversion of HBeAg to anti-HBe
is achieved in 35�40% of cases (vs. 8�13% spontan-
eous). In 80% of the responders, IFNα therapy leads to
sustained viral response. A longer duration of therapy
(> 6 months) is no more efficacious, whereas a shorter
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duration (< 4 months) produces a less successful result.
Daily administration seems to be more favourable than
an injection 3 x/week due to the half-life of IFNα. •
Various contraindications should be heeded regarding
the use of interferon. (s. tab. 34.8)

1. Decompensated cirrhosis (Child C)
2. Depression, suicidal tendency, epilepsy
3. Autoimmune diseases
4. Pregnancy, lactation period
5. Immunosuppression
6. Addiction problems
7. Serious extrahepatic disease

� coronary insufficiency � cardiac insufficiency
� dysthyreosis (NYHA 3�4)
� tachyarrhythmia � HCC
� thrombopenia (<50,000 µl) � leucopenia (<2,000 µl)
� renal insufficiency � bacterial infection

Tab. 34.8: Contraindications to interferon therapy

Follow-up is firstly every two weeks, later at monthly
intervals (physical status, haemogram, transaminases).
After 3 and 6 months, HBeAg, anti-HBe and HBV-
DNA (quantitatively) as well as thyroid parameters
(TSH, TAB) and calcium are determined.

Therapy success can be seen in a reduction of the initial
HBV-DNA titre by about 50% within 3�5 months. The
transaminases show a sudden increase (“flare-up”) after
8�10 weeks. (176) This results from the immunological
destruction of HBV-replication hepatocytes, so that rep-
lication is terminated. Because “flare-up” is a favourable
criterion, the therapy is continued unchanged.

If the course of disease remains successful, there will be
a transition to the low-replication phase with a loss of
HBeAg (i. e. positivity of HBeAg � incomplete
response) and HBV DNA as well as normalization of
the transaminases after 10�14 months. It takes several
years for the HBsAg to disappear completely: about
20% are HBsAg-negative after 12 months and about
65% after 6 years (i. e positivity of HBsAg � complete
response). At this point, HBV is considered to have been
eliminated. Incomplete (partial) responders still have
moderately increased transaminases, but show HBeAg
and HBV-DNA negativity. However, anti-HBe may still
be detectable in these patients after some years. Careful
monitoring is required due to the danger of reacti-
vation. • Generally, genotype A or B responds better
to IFNα than type D or C, with earlier spontaneous
seroconversion of HBeAg. (170, 180, 185, 203)

HBeAg-negative patients possess precore (minus)
mutants. They show an initial response rate of up to
90%; there is no sign of “flare-up”. The aim of therapy
is normalization of the transaminases and a loss of
HBV DNA after > 12 months. After IFNα therapy has
been stopped, reactivation usually occurs, even after
several years. Only 15�25% of cases achieve sustained
response. For this reason, an IFN therapy lasting 12�24

703

months is recommended. • Patients with cirrhosis toler-
ate IFNα therapy in the same way as patients without
cirrhosis and even show the same results.

� Early side effects often include fever and flu-like symptoms,
which are generally alleviated or eliminated by paracetamol; they
are mostly temporary and of no clinical significance. • Late side
effects depend on the individual case and dosage; they are influ-
enced by coexistent diseases (e.g. diabetes) or psychic disposition.
(201) There have been reports of numerous and different side
effects. • When they occur, a dose reduction is necessary in 3�25%
of cases (depending on the dose); IFN treatment has to be discon-
tinued in 3�5%. (s. tab. 34.9)

1. Early side effects
• Fever, flu-like symptoms
• Local inflammatory reaction

2. Late side effects
• General

� exhaustion, fatigue, sleep disturbances, loss of appetite,
diarrhoea, loss of weight, hair loss, myalgia, arthralgia,
tinnitus, anosmia, cough, headaches

• Haematological
� leucopenia, thrombopenia

• Psychiatric
� irritability, affective lability, epileptic seizures,

depression, suicidal tendency, loss of libido, changes in
the EEG, schizoid psychoses, stroke syndrome

• Infectious
� infection (e.g. urinary tract, respiratory tract)

• Endocrinological
� impaired thyroid function, hypocalcaemia, insulin

resistance
• Cardiovascular

� hypertension, hypotension, arrhythmia, cardiac
insufficiency

• Urogenital
� proteinuria, impotence, nephritis

• Immunological
� IFN autoantibodies, autoimmunopathies, vasculitis,

pleural effusion, pericarditis, sarcoidosis
• Ophthalmological

� retinal haemorrhagia, disturbed vision, conjunctivitis
• Cutaneous

� cutaneous necrosis, exanthema, pruritus, urticaria
• Intestinal

� eosinophilic enteritis, coeliac disease, pancreatitis

Tab. 34.9: Possible side effects of interferon therapy

Relapse: Reactivation is often associated with the pres-
ence of wildtype HBV (80�85%) or the occurrence of
precore mutants (15�20%). This event (increase of
transaminases, evidence of replication markers such as
HBeAg and HBV DNA, positive IgM anti-HBC, pro-
nounced interface hepatitis) develops in 15�20% of
cases 1�3 years after IFNα therapy has been stopped.
In such cases the question then arises of whether to
apply lamivudine. This antiviral agent is administered
in cases with an unfavourable constellation or contra-
indication regarding IFNα, or if the patient refuses IFN.
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7.2.3 Lamivudine

� Lamivudine is a nucleoside analogue, which acts as a reverse
transcriptase inhibitor of HBV-DNA polymerase and causes a
break in the molecular chain through its competitive integration
in the DNA. Lamivudine is administered orally and well resorbed.
The half-life is 5�7 hours; it is eliminated unchanged via the kid-
neys. Therefore, the dose must be adjusted to the patient’s creati-
nine clearance.

The daily dose amounts to 100 mg. Tolerance is good;
no side effects have been observed up to now. HIV infec-
tion must be ruled out prior to therapy (danger of HIV
resistance); a combination with ribavirin should be
avoided (danger of lactat acidosis) or with trimethoprim
(reduction in renal clearance of lamivudine); in HBeAg
positivity, abrupt discontinuation is not allowed (danger
of exacerbation or ALF). • The recommended duration
of therapy is > 1 year to long-term. If HBeAg serocon-
version occurs at any time, therapy should be extended
by approx. 6 months in order to improve the overall
effect. The most reliable predictor of a good response is
a transaminase value which is at least five times higher
than normal. (154, 161�163, 168, 169, 171, 172, 175, 177, 178,
182, 184, 187, 189, 190, 196, 199, 204, 207)

HBeAg-positive patients: Some 90% of cases reach HBV-
DNA elimination after about 1 year of treatment, but
only 15�20% of cases achieve sustained HBV-DNA
negativity. At the same time, a normalization of the
transaminases (up to 70%) and inhibition of fibrosis
may be observed. (171) Subsequent to seroconversion
after 12 months of therapy, administration of lamivu-
dine should be continued for a further 6 months due to
the risk of relapse.

HBeAg-negative patients: These cases show no sign of
seroconversion; therefore therapy should be continued
for a further 2 years before being stopped. Generally, it
seems reasonable to carry out long-term therapy until
viral resistance (� mutants) develops.

Viral mutants: As the duration of lamivudine therapy
increases, the number of mutants rises, especially those
resulting from YMDD-polymerase mutation. Viral
mutants are found in about 20% of cases after 1 year,
in 35�40% after 2 years and in 60�70% after 4 years.
(159) Clinically, lamivudine resistance is recognizable due
to an increase of transaminases and a recurrence of vir-
aemia. Risk factors include high GPT (ALT) values, an
elevated HBV-DNA level and a pathological body mass
index. In the case of resistance, the use of adefovir is
recommended, since this nucleoside is also efficacious
against HBV mutants.

7.2.4 Adefovir dipivoxil

� Adefovir (ADV) is a nucleoside analogue, which causes a break
in the molecular chain through its competitive integration in the
newly synthesized HBV DNA. ADV dipivoxil is a prodrug, which
is converted into active ADV in the intestinal tract. Its half-life is
7�8 hours. Elimination is via the kidneys. Therefore, the dose must
be adjusted in the case of renal insufficiency! It should be noted
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that the risk of damage to the kidneys is increased by simultaneous
administration of aminoglycosides, vancomycin and antirheu-
matic agents.

Dosage is 10 mg/day orally; duration of treatment is 48
weeks. The effect of ADV is not impaired by a high viral
load. In HBeAg-positive patients, it results in elimin-
ation of HBV DNA in 20�25%, seroconversion in
15�20% and normalization of transaminases in
45�50% of cases. • In HBeAg-negative patients, ADV
shows a loss of HBV DNA in approx. 50% and normal-
ization of GPT (ALT) in 70�75% of cases. In addition,
a considerable improvement in histology was achieved.
Viral resistance (due to mutants) was observed in < 3%
of cases after 3 years. ADV can also be applied in
decompensated cirrhosis. Tolerance is good. As with
lamivudine, abrupt discontinuation may lead to acute
exacerbation (in about 25%). (167, 181, 193, 205, 206)

7.2.5 Treatment failure

Treatment failure or reactivation leads to progressive
fibrosis or development of cirrhosis/HCC; the patient’s
quality of life is also impaired. Responsibility towards
the patient forces the physician to use any therapeutic
approach available which is (1.) biomolecularly and
pharmacologically plausible, (2.) free of or low in side
effects and also suitable in a long-term regimen (the sig-
nificance of a long-term follow-up should not be
underrated), and (3.) justifiable in terms of cost.

Combination therapy: The combination of IFN� � lami-
vudine is superior to the corresponding monotherapy
and it yielded considerably better results in patients who
were resistent to IFN. (164, 166, 186, 195, 196) Likewise
Peg-IFN� � lamivudine were applied with success. (182)
A combination of lamivudine � ADV led to a virological
and biochemical improvement during treatment up to
52 weeks (191, 192). In another study, however, therapy
with IFN� � lobucavir (2 x 200 mg/day) had only little
success. A combination of lamivudine � famciclovir
sometimes produced a certain positive effect. (198) In the
same way, IFN� � famciclovir improved initial values in
some cases. (183) A combination of famciclovir � thy-
mosin activates T-cell response in the immunotolerance
phase. (174) The possibility that IFN� � acyclovir are
synergistic in HBV infection has been suggested (S.W.
Schalm et al., 1985); acyclovir as monotherapy (45 mg/kg
BW/day, i.v. infusion for 28 days) showed no benefit in
chronic HBV carriers with stable disease. (152)

7.2.6 Nucleoside analogues

Because of their structural resemblance to natural nu-
cleosides, these substances are integrated into the newly
synthesized DNA strand by the enzymes of DNA syn-
thesis (e. g. DNA polymerase, reverse transcriptase) in
place of the natural nucleosides. The outcome is chain
break. Virus mutation, however, may reduce the effect-
iveness of nucleoside analogue. • The clinical import-
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ance of these new antiviral substances, either as mono-
therapy or in combination, has not been clarified. They
have not yet been introduced in the treatment of chronic
hepatitis B. (155, 165)

Famciclovir is a prodrug of penciclovir. It is administered orally;
the daily dose amounts to 1,500 mg. Its effectiveness is low. (153,
179, 197, 202)

Tenofovir is the active agent of the prodrug tenofovir disoproxil
fumarat. Up to now, tenofovir (300 mg/day) has been used with
HIV/HBV coinfected patients. In such cases, it proved effective
regarding HBV DNA and the normalization of transaminases.

Emtricitabine is a cytosine nucleoside with antiviral potency
towards HBV and HIV. It is only slightly different from lamivu-
dine. After 48 weeks of treatment (200 mg/day), it was possible to
achieve HBV-DNA negativity in 60% and HBeAg negativity in
50% of cases. Tolerance is good (N. Leung et al., 2001).

Entecavir is a guanosine nucleoside with strong antiviral activity.
It is also effective in lamivudine-resistant patients. After 48 weeks
of treatment comprising a daily dose of 0.5 or 1.0 mg, there was
elimination of HBV DNA in 25�30% and normalization of the
transaminases in 60�70% of lamivudine-resistant patients. Toler-
ance is good. Entecavir-induced mutants were not detected. (173)

L-deoxythymidine: LdT proved to be effective and well tolerated
in a dosage of 200�400 mg/day orally (C.L. Lai et al., 2001).

Clevudine is a pyrimidine-nucleoside analogue. It was effective in
a dosage of 200 mg/day (P. Marcellin et al., 2003).

7.2.7 Immunostimulants

Immunostimulants activate the immune system � espe-
cially in cases of reduced immune defence. They can be
(1.) endogenous substances, (2.) extracts of microorgan-
isms, or (3.) substances of plant and chemical origin. •
The use of thymosin-� has also proved promising (G.M.
Mutchnick et al., 1991). It effects an improvement in the
T-cell function. Promising biochemical, serological and
histological results were obtained in chronic HBV infec-
tion. (156) Good tolerance was recorded for this drug. •
Interleukins are mediators of the induction and course
of the T-cell-mediated cytotoxic immune reaction and
of B-cell activation (antibody production). Interleukin 2
induces the proliferation and differentiation of T lym-
phocytes; the simultaneous induction of IFNγ triggers
the activation of macrophages. A mixture of interleukins
2 and 6 as well as anti-D3 may be considered as a further
option in the future. • Good results have also been
achieved with the phyllanthus amarus extract. Further
studies are necessary to clarify the biological modes of
action of this interesting plant. The same applies to the
bupleurum extract as well as extracts from glycyrrhiza
(used in chronic hepatitis C) (247), schizandra, kurori-
none (157), etc. (s. pp 867, 868)

7.2.8 Adjuvant substances

Arguments: The following arguments justify the search
for and use of adjuvant substances: (1.) the high number
of patients with chronic viral hepatitis worldwide, (2.)
the high morbidity and mortality associated with this
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disease, (3.) the high cost of treatment with interferon,
ribavirin, lamivudine, etc., (4.) the occasionally severe
side effects, and (5.) the still unsatisfactory therapeutic
results and low success rate.

Criteria: The therapeutic agents should meet the
following criteria: (1.) as far as possible, they should
have no side effects or interactions, (2.) the adjuvant
effects should be proven or at least deemed plausible by
biochemical and/or pharmacological studies, and (3.)
the additional cost should be justifiable and within cer-
tain limits. • Because of their merely adjuvant modes of
action, such substances must be used long-term (> 2
years) to obtain positive effects in chronic hepatitis �
as is also necessary with other chronic diseases.

1. Colchicin 5. Silymarin
2. Essential phospholipids 6. Tenoxicam
3. Iron removal 7. Ursodeoxycholic acid
4. N-acetylcystein 8. Vitamin E

Iron removal: Increased iron and ferritin levels are found
in approx. 30% of patients with chronic hepatitis B or
C. Several studies have shown that the success rate of
interferon therapy is reduced in the presence of elevated
liver iron values. This is attributed to the fact that iron
overload inhibits not only lymphocyte proliferation, but
also the function of killer cells and B cells as well as
the production of antibodies. Iron plays a role in the
formation of free radicals and the occurrence of danger-
ous lipid peroxidations. (s. pp 68, 401) Furthermore,
iron, like oxygen radicals, promotes fibrogenesis. Iron
removal leads to an improvement in laboratory param-
eters and better response to interferon-α therapy. (217,
243) On the other hand, the iron level is reduced as a
result of successful IFN therapy. • In the case of a higher
serum iron status before the initiation of interferon ther-
apy, venesections at one week intervals should be con-
sidered, if necessary until normal laboratory values
(iron, ferritin, transferrin saturation) have been restored.
During interferon therapy, a low-iron diet is advisable,
as is the consumption of 2 x 1 cup of black tea (in the
morning and at noon) to reduce iron absorption
through chelate formation (“cheap, free of side effects
and useful”). (s. p. 625) • Silymarin also leads to iron
mobilization due to chelate formation.

Silymarin: The hepatoprotective and hepatoregenerative effects of
silymarin have been demonstrated in numerous in-vitro and in-
vivo studies. Its antioxidant properties have also been confirmed
in recent years (C. Dehmlow et al., 1996), especially in rats with iron
overload (A. Pietrangelo et al., 1995). The antiperoxidative efficacy
of silymarin was found to be ten times greater than that of an
equimolar concentration of α-tocopherol. This effect is attributed
to biochemical interaction (chelate formation of silymarin with
Fe2�). Clinical studies also testified to the antifibrogenetic effect of
silymarin in patients with chronic hepatitis (G. Buzzelli et al., 1993).
(see E. Kuntz: footnote*, p. 867)

Ursodeoxycholic acid (UDCA): As early as 1961, F. Ichida et al.
reported on the successful treatment of chronic hepatitis with
UDCA. Similar reports were published by T. Nakahara et al. in
1975 and two further Japanese groups in 1976. Furthermore, U.



Chapter 34

Leuschner et al. (1985) noticed surprising improvements regarding
biochemical parameters in chronic hepatitis. These effects were
attributed to the immunomodulatory efficacy of UDCA. In prin-
ciple, UDCA satisfies all the criteria for its combined use with
interferon in chronic viral hepatitis. (s. p. 857)

EPL: In a multicentre study, it could be demonstrated that essen-
tial phospholipids not only significantly increased the proportion
of IFN responders in patients with chronic hepatitis B and C, but
also reduced the relapse rate. (188) (see E. Kuntz: footnote*, p. 865)

7.2.9 Molecular biological methods

In experimental studies, the short sequences of the viral genome
can be blocked using antisense oligodeoxynucleotides. Blocking of
the 5’region of the pre-S gene causes inhibition of virus replication
and gene expression. These “code blockers” might be of signifi-
cance in the future for both chronic HBV and HCV infection.

7.3 Therapy of chronic hepatitis C

In acute HCV infection, which mostly develops asymp-
tomatically, but sometimes with uncharacteristic com-
plaints, HCV RNA is present within the first week after
infection. Antibodies against HCV are detectable after
6�8 weeks in > 90% of cases. (see chapter 22.5)

Chronic hepatitis C manifests in 60�80% of infected
patients and becomes active in 70�80% of cases. Of the
latter, 20�30% gradually develop cirrhosis and 4�5%
ultimately suffer from HCC. A higher risk of cirrhosis
is given in patients with a high HCV-RNA concentra-
tion, with portal or bridging fibrosis accompanied by
necroinflammatory activity and with permanently in-
creased transaminases.

Patients with chronic hepatitis C but without anti-
bodies against HAV and/or HBV should be vaccin-
ated immediately against the respective seronegative
hepatitis form!

7.3.1 Indication for therapy

The indication for antiviral treatment of chronic hepati-
tis C is principally based on the following criteria: (1.)
a symptomatic course (subjective complaints, elevated
transaminases, extrahepatic manifestations), (2.) inflam-
matory activity and progressive fibrosis or cirrhosis, and
(3.) an infection risk regarding contact persons.

Even in the case of cirrhosis (Child A, possibly also B),
antiviral therapy should be used to achieve histological
improvement of the findings and to reduce the fre-
quency of HCC.

Half the patients with normal transaminases sometimes
show both increased values and histological activity
scores. Therefore, it is necessary to recheck the indica-
tions for these patients, especially because their sus-
tained viral response (SVR) is comparable to that of
patients with elevated transaminases. (225)
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7.3.2 Selection criteria for therapy

Before commencing treatment of chronic hepatitis C,
the genotype and HCV-RNA titre should be deter-
mined.

Reliable diagnosis: A definitive determination of the
respective disease stage of HCV infection is often diffi-
cult regarding serological diagnostics; there are uncer-
tain histological findings and only moderate correlation
between histology and laboratory parameters. • The
situation is further complicated by occasional difficult-
ies in making a differential diagnosis based on the sero-
logical and autoimmune overlap findings. Erroneously
indicated treatment with immunosuppressives or inter-
feron may result in serious complications. • The most
important selection criterion is a reliable diagnosis!

Liver biopsy: In this context, the actual nomenclature of
chronic hepatitis promises better designation and classi-
fication. (s. tabs. 34.2, 34.3) Therefore, in patients with
genotype 1 (and 4), liver biopsy is recommended before
planning therapy, whereby in genotypes 2 and 3, liver
biopsy is less important due to the good success of the
therapy. • The fundamental importance of the histo-
logical findings is based on (1.) determination of necro-
inflammatory activity and progressive fibrosis, (2.)
assessment of the prognosis and the necessity of treat-
ment, (3.) prediction for therapy success, (4.) compari-
son of initial findings with follow-ups, (5.) evaluation of
the therapy results, and (6.) exclusion of a coexisting
liver disease. • The problems and the disadvantages
mainly include (1.) sample error, (2.) extraction of
biopsy specimen from a limited puncture area of the
right lobe (s. fig. 7.8), and (3.) interobserver and intra-
observer variability. (5, 6, 11, 70, 71, 73, 95, 127, 137) • A
reliable morphological diagnosis as well as the all-
important assessment of the liver surface regarding
fibrosis progression or perhaps even the existence of cir-
rhosis are best achieved with the help of laparoscopy
(210) and 1 (�2) biopsies from both the right and left
liver lobe. (s. pp 157, 160, 695) • Chronic hepatitis is not
evenly spread in the liver in every case. (s. p. 181, 699)

HCV genotype: The response rate to interferon therapy
depends on the prevalent genotype. Genotypes 1 and 4
(but also 5, 6) show a poorer response to IFN than
genotypes 2 and 3. The genotype reveals no relationship
to the RNA titre or to histology. A change of type 1 to
type 3 was also noted. (s. tab. 34.10)

Cofactors: Coinfections with HAV and HBV as well as
with other viruses worsen the prognosis. By contrast,
coinfections with HGV, GBV-C, SENV and TTV had
no influence on the course of chronic hepatitis C. (115,
146) Alcohol influences the cellular immune response
unfavourably and leads to an aggravation of patholog-
ical liver morphology. (85, 120, 128, 129, 144) • Age and
gender play a special role. Generally, older patients are
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subject to a more severe course of disease. Women
below the age of 40 benefitted significantly more from
IFN therapy than women over 40 (75% vs. 15.6%).
HCV clearance in women is better than in men (G. Inoue

et al., 2000). There is also exacerbation of chronic hepa-
titis C due to pregnancy (H. Fontane et al., 2000). • HCV-
RNA titres of < 2 million copies/ml (or 0.8 million I U/
ml) are considered more favourable, whereas an initial
high viral load shows a worse response. • In comparison
(low-titre) antibodies (e. g. ANA, AMA, LKM), are
found more frequently in women than in men, but they
had no influence on the response to IFNα therapy.

7.3.3 Combination therapy

The standard therapy for chronic hepatitis C is a combin-
ation of pegylated IFN� with ribavirin. (252) (s. tab. 34.11)

Interferon was used in the treatment of chronic hepatitis
NANB as early as 1986 by J.A. Hoofnagel et al., i. e. three
years before HCV was identified. The efficacy of IFNα
for chronic hepatitis C could be proven in many studies.
(213, 216, 219, 227, 229, 234, 241, 242, 245, 248, 251) • The pegy-
lation of IFNα (� coupling to polyethyleneglykol) leads
to reduced enzymatic degradation, diminished antigen-
icity and delayed renal clearance; thus its half-life is
prolonged. As a result, a constant efficient level is
achieved with only 1 (�2) injection(s) per week. This
newly developed Peg IFNα led to a further improve-
ment in the sustained viral response. (214, 229, 231, 232)

� Peg IFN�2a (40 kDa) has a branched structure and is avail-
able in a ready-to-use solution. The dosage amounts to 180 µg,
s.c., 1 x/week. Its efficient level lasts for 160 hours; half-life is
approx. 75 hours. It can also be administered in cases of renal
insufficiency due to its hepatic clearance.

� Peg IFN�2b (12 kDa) has a linear structure. The solution
comes in a two-chambered syringe and is prepared by mixing
the contents of both compartments directly prior to injection.
The dosage amounts to 1.0�1.5 µg/kg BW, s.c. 1 x/week. Half-
life is approx. 30 hours. This substance should not be applied
if creatinine clearance is < 50 ml/min.

Ribavirin: This guanosine analogue was first used experi-
mentally by O. Reichard et al. (1991) and in chronic hepa-
titis C by J. Andersson et al. (1991). Ribavirin is well
resorbed. Half-life in patients with chronic hepatitis C
is approx. 44 hours; once a steady state has been
reached, the half-life is extended by up to 12 days. Elim-
ination is predominantly via the kidneys. Ribavirin is
contraindicated in cases where creatinine clearance is
< 50 ml/min. As monotherapy, it only effects a decrease
in transaminases and a slight improvement in histolog-
ical activity during the treatment course. It inhibits the
replication of RNA and DNA viruses. Dosage is
400�600 mg, 2 x/day; it depends on body weight, renal
function and HCV genotype. Due to its potentially tera-
togenetic effect, pregnancy must be avoided before, dur-
ing and for at least 6 months after therapy. This also
applies to sexual partners of men treated with ribavirin.
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Ribavirin is also contraindicated during the lactation
period. (254)

Using a combination of IFN� � ribavirin, it was pos-
sible to achieve a considerable improvement in compari-
son to former therapy results. (208, 210, 212, 216, 218, 221,
222, 225, 231, 237) • A combination of Peg INF� � ribavi-
rin led to a further enhancement of the sustained
response including normalization of the transaminases
and reduction of the inflammatory activity (70�75%
after 1 year). Thus, the combination of Peg INFα �
ribavirin is considered to be standard therapy today.

� Side effects of ribavirin can appear in the form of nausea, pruri-
tus, insomnia, irritability, haemolysis (224) and aggravation of
IFNα-induced thrombopenia or leucopenia. In combination with
other nucleoside analogues, there is a risk of lactate acidosis. • Side
effects of Peg INFα are similar to those of IFNα. (229, 233) The
latter usually necessitates a reduction in dosage in about 20% and
termination of therapy in 5�10% of cases. • Side effects of com-
bined IFNα � ribavirin include pancreatitis (215), pulmonary tox-
icity (226), manifestation of sarcoidosis (220, 240) and mental dis-
orders (235). It should be noted that even in combination with
ribavirin IFNα may show its own customary side effects.

7.3.4 Therapy scheme

In summary, the “ideal patient” with good prognosis
shows the following criteria (s. tab. 34.10):

1. Exact diagnosis
2. No contraindications

3. Good response (“ideal patient”)
� genotype 2 or 3
� HCV RNA <2 million copies/ml
� slight fibrosis and inflammation
� normal hepatic iron level
� age <50 years (women <40 years)
� increase in GPT of >6 months
� exclusion of cirrhosis
� sporadic HCV infection
� no coinfection, no alcohol, no noxae
� no diabetes mellitus, no overweight
� short duration of infection (<10 years)

Tab. 34.10: Criteria of a prognostically good response

With the help of the current therapy scheme, SVR can
be achieved in up to 55% of infected patients with geno-
type 1 or 4 and up to 80% of those with genotype 2 or
3. Even in patients with an initial high virus load, SVR
is about 40% for genotype 1 and 4 and about 75% for
genotype 2 and 3. If the virus load has not fallen by
factor 100 (> 2 log, i. e. < 30,000 IU/ml), or has not gone
below the absolute limit of verification after 6 months,
the therapy should be stopped. Early viral response
(EVR) is a decisive factor regarding the success, failure
or duration of therapy. If there is no EVR, it will prob-
ably not be possible to achieve SVR, even if therapy is
continued for 12 months (or longer). • With genotype 2
and 3, therapy is stopped after 24 weeks, in genotype 1
(as well as 4, 5 and 6) after 48 weeks. Finally, the HCV-
RNA titre should be measured anew. • The 5-year sur-
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vival rate of patients with SVR corresponds to that of
the general population. After SVR has been achieved,
subsequent reactivation is rare. (s. tab. 34.11)

Peg IFNα2a 180 µg, s.c. 1 x/week genotype 1, 4 � 48 weeks
genotype 2, 3 � 24 weeks

Ribavirin > 75 kg � 2 x 600 mg/day
< 75 kg � 2 x 500 mg/day

Peg IFNα2b 1.0�1.5 mg/kg BW, genotype 1, 4 � 48 weeks
s.c., 1 x/week genotype 2, 3 � 24 weeks

Ribavirin > 85 kg � 2 x 600 mg/day
65�85 kg � 2 x 500 mg/day
< 65 kg � 2 x 400 mg/day

Tab. 34.11: Scheme of combination therapy for chronic hepatitis
C with Peg IFNα and ribavirin

Iron removal: In the case of increased iron storage in
the liver or in hypersiderinaemia, iron removal has been
reported to give better therapeutic results. (217, 243)

The follow-ups take place at first weekly, later at 4-week
intervals; they include leucocytes, thrombocytes, haemo-
globin and transaminases, occasionally also calcium and
TSH. At 3-month intervals, HCV-RNA, TSH, TAB,
creatinine and calcium are determined.

The aims of treatment are primarily the negativity of
HCV RNA and secondarily the normalization of trans-
aminases, reduction of inflammatory activity and fibro-
sis (219, 231, 241, 245) as well as prevention of cirrhosis.

7.3.5 Treatment failure

Relapse: In the case of relapse following successful treat-
ment, it is advisable to wait for a certain time, since the
relapse can be spontaneously limited in some patients.
Some 80% of patients with genotype 2 or 3 and about
40% with genotype 1 or 4 show a stable remission in the
long term (up to 3 years). Long-term follow-ups
revealed that the risk of late relapse is relatively low
after successful treatment. (209, 216, 218)

Non-responders: As in the case of patients with relapse it
is advisable to weigh the slow progression of the disease
against the side effects and costs of repeated combin-
ation therapy (particularly regarding higher dosage).
The question also arises as to whether an improvement
in the quality of life can be achieved. (208, 217, 237)

Repeat treatment: After a repeat treatment had been
decided on, increased dosage and prolonged duration of
IFNα (237) or consensus IFN (160) were used. • Other
possible combinations were applied, such as IFN� �
thymosin (236), IFN� � cyclosporin (223, 228), IFN� �
UDCA (230) or IFN� � amantadine (250). In all these
studies, positive results and an improvement in quality
of life quality were described for some patients. • Even
iron removal can be used as an additional measure. (217,
243) Likewise, good results in some patients have also
been achieved with immunostimulants or adjuvant sub-
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stances (as in chronic hepatitis B), such as thymosin
(156), kurorinone (157), essential phospholipids (188) or
glycyrrhizin (247). Above all, adjuvant therapy using
silymarin as a fibrosis inhibitor is worth mentioning.

Amantadine: The antiviral efficacy of amantadine was
first reported by W. Davies et al. in 1964. The mode of
action consists in preventing uncoating and viral matur-
ation (inhibition of the release of the nucleic acids that
have already penetrated the host cell). The active sub-
stance is almost completely absorbed following oral
intake. It is eliminated unchanged via the kidneys. Half-
life is about 16 hours. So far, it has been used to combat
influenza virus type A. Tolerance is good. Amantadine
on its own is only minimally effective against HCV; it is
therefore not suitable for initial monotherapy.

� Amantadine was administered for the first time in 31 patients
with OLT due to chronic hepatitis C, who were suffering from
severe reinfection of the transplant. Initial therapeutic success was
already seen after 3 months: a significant fall in transaminases,
bilirubin, AP and HCV-RNA titres, with improvement in liver his-
tology (J.A. Goss et al., 1997). • In a further study, 22 patients with
chronic hepatitis C who had failed to respond to IFN therapy were
treated with amantadine (2 x 100 mg). After 6 months of treat-
ment, GPT values showed a reduction in 64% and a normalization
in 27% of cases; HCV RNA was no longer detectable. This situ-
ation was verifiable by PCR even 6 months after therapy in 18%
of patients. (238) • Amantadine seems to be a well-tolerated and
effective virostatic for HCV infection in combination with IFN. (239)

Triple combination: In non-responders, the triple ther-
apy of IFN � ribavirin � amantadine may be effective.
Sustained response can be achieved in 15�20% of cases.
The additional costs for amantadine are relatively low;
the number of side effects relating to IFNα � ribavirin
has not proved to be higher than normal; the rate of
SVR in initial therapy appears to be slightly better.
Therefore, the question arises whether to use initial
triple therapy in principle. (208, 211, 244, 246, 249, 253)

7.4 Therapy of chronic hepatitis D

Treatment consists of relatively high doses of interferon
(generally 3 x 9�10 million U/week, s.c.) for a period
exceeding 12 months. Even though normalization of
GPT and HDV-RNA negativity as well as substantial
histological improvement were achieved in 50% and
70% of cases and stabilized for over 6 years, HCV-RNA
negativity was only maintained in 0% and 10% (�20%)
of patients, respectively. The relapse rate is higher than
in chronic hepatitis B. (255, 256) • An antiviral combin-
ation of IFN with lamivudine (257) or famciclovir (258)
or aciclovir and ribavirin was not efficacious. • Liver
transplantation should be planned in good time.

7.5 Liver transplantation

Reinfection occurs in about 50% of transplant recipients
following chronic HBV infection; this seems to depend
on presurgical replication activity. Some 83% of patients
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who were HBV RNA-positive prior to transplantation
again showed viraemia and reinfection of the graft. In
patients with preoperative HBeAg, HBsAg and HBV-
DNA negativity, viraemia was found in only 53% of
cases. The 3-year survival rate is 45�50%. However, with
presurgical IFN therapy for improving this problemat-
ical serological situation, the danger of IFN-induced
liver cell necrosis developing in HBV-related cirrhosis
proved to be high. Therapy with lamivudine (occasion-
ally with HBIG) is advisable. (194) In the case of reinfec-
tion of the transplant, HBIG must be discontinued. (28,
55, 74, 90) • In chronic hepatitis D, the situation is gen-
erally comparable to that of chronic HBV infection. •
About 30% of liver transplantations are related to HCV
infection. In these cases, reinfection of the graft is a fre-
quent occurrence (6�28% after 5 years). However, this
does not pose a serious clinical problem, since the
histological finding in most cases was CPH. The diffi-
culties regarding pretransplantation IFNα therapy with
associated liver cell necrosis are of little relevance here.
In individual cases, reinfection of the graft may progress
to cirrhosis. Angiotensin-II receptor antagonist may
help to reduce the development of graft fibrosis in
recurrent hepatitis C. Posttransplantation treatment with
Peg IFN� showed a complete response in 15�20% of
cases; this correlated with a low HCV-RNA concentra-
tion prior to transplantation. (154)

Epilogue
Counselling of chronically ill patients is extremely
important. The use of pharmacologically acceptable
substances with a low frequency of side effects should
always be preferred. Medical efforts must focus on the
individual criteria of the respective patient. • In “treat-
ment failure”, we have always stressed that this treat-
ment, at this dosage and for this period of time was
not successful in this particular case (for whatever
reason) and that further measures would now have to
be initiated. • We can recall several patients with
chronic hepatitis who felt that they had been left to
their own devices and who were therefore trying out
obscure, perhaps dangerous “therapeutic measures”
and even consulting so-called “healers”. • These
(understandable) considerations on the part of both
doctor and patient are an essential component of
every individual treatment plan.
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202. Trépo, C., Jezek, P., Atkinson, G., Boon, R., Young, C.: Famciclovir in
chronic hepatitis B: results of a dose-finding study. J. Hepatol. 2000;
32: 1011�1018

203. Vajro, P., Migliaro, F., Fontanella, A., Orso, G.: Interferon: a metaana-
lysis of published studies in chronic hepatitis B. Acta Gastroenterol.
Belg. 1998; 61: 219�223

204. Villeneuve, J.-P., Condreay, L.D., Willems, B., Pomier-Layrargues, G.,
Fenyves, D., Bilodeau, M., Leduc, R., Peltekian, K., Wong, F., Margu-
lies, M., Heathcote, E.J.: Lamivudine treatment for decompensated
cirrhosis resulting from chronic hepatitis B. Hepatology 2000; 31:
207�210

205. Werle, B., Cinquin, K., Marcellin, P., Pol, S., Maynard, M., Trepo, C.,
Zoulim, F.: Evolution of hepatitis B viral load and viral genome
sequence during adefovir dipivoxil therapy. J. Viral Hepat. 2003; 11:
74�83

206. Westland, C.E., Yang, H.L., Delaney, W.E., Gibbs, C.S., Miller, M.D.,
Wulfsohn, M., Fry, J., Brosgart, C.L., Xiong, S.: Week 48 resistance
surveillance in two phase 3 clinical studies of adefovir dipivoxil for
chronic hepatitis B. Hepatology 2003; 38: 96�103

207. Yokosuka, O.: Events occurring at the time of breakthrough hepatitis
during lamivudine treatment for chronic hepatitis (editorial). J.
Gastroenterol. 2004; 39: 813�814

Therapy of chronic hepatitis C
208. Adinolfi, L.E., Utili, R., Tonziello, A., Ruggiero, G.: Effects of alpha

interferon induction plus ribavirin with or without amantadine in the
treatment of interferon nonresponsive chronic hepatitis C: a random-
ized trial. Gut 2003; 52: 701�705

209. Arase, Y., Ikeda, K., Tsubota, A., Suzuki, Y., Saitoh, S., Kobayashi, M.,
Suzuki, F., Akuta, N., Someya, T., Hosaka, T., Kobayashi, M., Kumada,
H.: Efficacy of interferon retreatment after relapse for chronic hepatitis
C patients with biochemical response after first interferon therapy. J.
Gastroenterol. 2004; 39: 455�460

210. Bajaj, J.S., Molina, E., Regev, A., Schiff, E.R., Jeffers, L.J.: Pretreat-
ment laparoscopic appearance of the liver can predict response to com-
bination therapy with interferon alpha 2b and ribavirin in chronic
hepatitis C. Gastrointest. Endosc. 2003; 58: 380�383

211. Berg, T., Kronenberger, B., Hinrichsen, H., Gerlach, T., Buggisch, P.,
Herrmann, E., Spengler, U., Goeser, T., Nasser, S., Wursthorn, K.,
Pape, G.R., Hopf, U., Zeuzem, S.: Triple therapy with amantadine in
treatment-naive patients with chronic hepatitis C: a placebo-controlled
trial. Hepatology 2003; 37: 1359�1367

212. Buti, M., Medina, M., Casado, M.A., Wong, J.B., Fosbrook, L.,
Esteban, R.: A cost-effectiveness analysis of peginterferon alfa-2b plus
ribavirin for the treatment of naive patients with chronic hepatitis C.
Alim. Pharm. Ther. 2003; 17: 687�694

213. Calleja, J.L., Albillos, A., Moreno-Otero, R., Rossi, I., Cacho, G.,
Domper, F., Yebra, M., Escartin, P.: Sustained response to interferon-
α or to interferon-α plus ribavirin in hepatitis C virus-associated symp-
tomatic mixed cryoglobulinaemia. Aliment. Pharmacol. Ther. 1999;
13: 1179�1186

214. Camma, C., Di Bona, D., Schepis, F., Heathcote, E.J., Zeuzem, S.,
Pockross, P.J., Marcellin, P., Balart, L., Alberti, A., Craxi, A.: Effect
of peginterferon α-2a on liver histology in chronic hepatitis C: a meta-
analysis of individual patient data. Hepatology 2004; 39: 333�342

215. Chaudhari, S., Park, J., Anand, B.S., Pimstone, N.R., Dieterich, D.T.,
Batash, S., Bini, E.J.: Acute pancreatitis associated with interferon and
ribavirin therapy in patients with chronic hepatitis C. Dig. Dis. Sci.
2004; 49: 1000�1006

216. Cheng, P.N., Chow, N.H., Hu, S.C., Young, K.C., Chen, C.Y., Jen,
C.M., Chang, T.T.: Clinical comparison of high-dose interferon-alpha
2b with or without ribavirin for treatment of interferon-relapsed
chronic hepatitis C. Dig. Dis. Sci. 2002; 34: 851�856

217. Di Bisceglie, A.M., Bonkovsky, H.L., Chopra, S., Flamm, S., Reddy,
R.K., Grace, N., Killenberg, P., Hunt, C., Tamburro, C., Tavill, A.S.,
Ferguson, R., Krawitt, E., Banner, B., Bacon, B.R.: Iron reduction as
an adjuvant to interferon therapy in patients with chronic hepatitis C
who have previously not responded to interferon: a multicenter, pro-
spective, randomized, controlled trial. Hepatology 2000; 32: 135�138

218. Di Marco, V., Almasio, P., Vaccaro, A., Ferraro, D., Parisi, P., Cataldo,
M.G., di Stefano, R., Craxi, A.: Combined treatment of relapse of
chronic hepatitis C with high-dose alpha (2) b interferon plus ribavirin
for 6 or 12 months. J. Hepatol. 2000; 33: 456�462

219. Duchatelle, V., Marcellin, P., Giostra, E., Bregeaud, L., Pouteau, M.,
Boyer, N., Auperin, A., Guerret, S., Erlinger, S., Henin, D., Degott, C.:
Changes in liver fibrosis at the end of alpha interferon therapy and 6
to 18 months later in patients with chronic hepatitis C: quantitative
assessment by a morphometric method. J. Hepatol. 1998; 29: 20�28

220. Gitlin, N.: Manifestation of sarcoidosis during interferon and ribavirin
therapy for chronic hepatitis C: a report of two cases. Eur. J.
Gastroenterol. Hepatol. 2002; 14: 883�885

221. Hadziyannis, S.J., Settl, H., Morgan, T.R., Balan, V., Diago, M., Mar-
cellin, P., Ramadori, G., Bodenheimer, H., Bernstein, D., Rizzetto, M.,
Zeuzem, S., Pockros, P.J., Lin, A., Ackrill, A.M.: Peginterferon-alpha



Chapter 34

2a and ribavirin combination therapy in chronic hepatitis C. A ran-
domized study of treatment duration and ribavirin dose. Ann. Intern.
Med. 2004; 140: 346�356

222. Hasan, F., Asker, H., Al-Khaldi, J., Siddique, I., Al-Ajmi, M., Owaid,
S., Varghese, R., Al-Nakib, B.: Peginterferon alfa-2b plus ribavirin for
the treatment of chronic hepatitis C genotype 4. Amer. J. Gastro-
enterol. 2004; 99: 1733�1737

223. Inoue, K., Sekiyama, K., Yamada, M., Watanabe, T., Yasuda, H., Yo-
shiba, M.: Combined interferon alpha 2b and cyclosporin A in the
treatment of chronic hepatitis C: controlled trial. Gastroenterol. 2003;
38: 567�572

224. Itoh, Y., Okanoue, T.: Ribavirin-induced hemolytic anemia in chronic
hepatitis C patients (editorial). J. Gastroenterol. 2004; 39: 704�705

225. Jacobson, I.M., Ahmed, F., Russo, M.W., Lebovics, E., Dieterich, D.I.,
Esposito, S.P., Bach, N., Klion, F., Tobias, H., Antignano, L., Brown,
R.S., Gabbaizadeh, D., Geders, J., Levendoglu, H.: Interferon alpha-2b
and ribavirin for patients with chronic hepatitis C and normal ALT.
Amer. J. Gastroenterol. 2004; 99: 1700�1705

226. Kumar, K.S., Russo, M.W., Borczuk, A.C., Brown, M., Esposito, S.P.,
Lobritto, S.J., Jacobson, I.M., Brown, R.S.: Significant pulmonary
toxicity associated with interferon and ribavirin therapy for hepatitis
C. Amer. J. Gastroenterol. 2002; 97: 2432�2440

227. Myers, R.P., Thibault, V., Poynard, T.: The impact of prior hepatitis B
virus infection on liver histology and the response to interferon ther-
apy in chronic hepatitis C. J. Viral Hepat. 2003; 10: 103�110

228. Nakagawa, M., Sakamoto, N., Enomoto, N., Tanabe, Y., Kanazawa, N.,
Koyama, T., Kurosaki, M., Maekawa, S., Yamashiro, T., Chen, C.H.,
Itsui, Y., Kakinuma, S., Watanabe, M.: Specific inhibition of hepatitis
C virus replication by cyclosporin A. Biochem. Biophys. Res. Com.
2004; 313: 42�47

229. Pockros, P.J., Carithers, R., Desmond, P., Dhumeaux, D., Fried, M.W.,
Marcellin, P., Shiffman, M.L., Minuk, G., Reddy, K.R., Reindollar,
R.W., Lin, A., Brunda, M.J.: Efficacy and safety of two-dose regimens
of peginterferon alpha-2a compared with interferon controlled trial.
Amer. J. Gastroenterol. 2004; 99: 1298�1305

230. Poupon, R.E., Bonnand, A.M., Queneau, P.E., Trépo, C., Zarski, J.P.,
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35 Liver cirrhosis

� Aretaeus (2nd century AD) coined the term “skirros”,
because he thought that inflammation of the liver led to its
hardening (� skirros). • In 1543 A. Vesal described the granula-
tion of the liver surface as being responsible for the compres-
sion of the small hepatic vessels. Even at that time, he associ-
ated these changes, which were thought to accompany a
shrinking of the liver, with alcohol consumption. • When J.
Posthius (1590) described ascites, he said that the changed liver
was “all granulated inside”. A drawing by J. Brown (1685)
shows coarse nodular liver cirrhosis. G. B. Morgagni (1761) also
wrote a treatise on cirrhosis, in which he described the small
vessels as being compressed due to a shrinking and hardened
liver. M. Baillie (1818) wrote an excellent description of the
morphology of liver cirrhosis and, like A. Vesal, he also pos-
tulated a causal connection with excessive alcohol consump-
tion. • The first accurate report on atrophic, portal cirrhosis
was given by R. T. H. Laennec (1819) as an incidental inclusion
in his book «Traité d’auscultation». Because of the yellow colour
of the liver (� kirros), he coined the term cirrhosis. • The first
microscopic examinations were carried out by F. Kiernan

(1833), R. Carswell (1838) and E. Hallmann (1839). F. Th. Fre-

richs differentiated between two stages of the cirrhotic course:
the stage of inflammation and the stage of shrinking with for-
mation of nodes. In 1911 F. B. Mallory defined cirrhosis as a
“chronic, destructive, progressive process” with regeneration,
accompanied by scarring and shrinking of the connective tissue.
A. Ghon (1928) recognized the transformational processes in the
liver as being an essential feature of cirrhosis. • In 1930 R.
Rössle provided a morphological definition of cirrhosis by stat-
ing three criteria: (1.) destruction of liver parenchyma, (2.) con-
nective tissue proliferation, and (3.) nodular compensatory
hyperplasia together with regeneration of liver parenchyma. In
the following years, a fourth criterion was added: (4.) distur-
bance of the intrahepatic vascular system with consecutive for-
mation of arteriovenous and portovenous anastomoses (H. Tha-

ler, 1952, 1957, 1968; H. Popper et al., 1958; P. P. Anthony et al., 1977;
A. M. Rappaport, 1980).

1 Definition

Cirrhosis is a gradually developing, chronic disease
of the liver which always involves the organ as a
whole. It is the irreversible consequence and final
stage of various chronic liver diseases of different
aetiology or the result of long-term exposure to vari-
ous noxae. • The extent of the morphological changes
depends on the cause and stage of cirrhosis. Accord-
ingly, there is a wide spectrum of morphological find-
ings and clinical symptoms. The variations of this dis-
ease range from symptom-free conditions, non-
characteristic complaints and different laboratory
findings through to life-threatening complications.
Since, in most cases, no clear dividing line can be
drawn between cirrhosis and the preceding liver dis-
ease, it is very difficult to determine the point where
the cirrhotic stage begins; as a rule, the transition is
fluent.
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� Localized transformation processes such as those
observed in scarred liver (s. p. 405) are not considered
to be cirrhosis. The loss of parenchyma in scarred liver
is generally the result of reduced blood supply in the
respective area. Deep-set scars create the picture of a
funnel-shaped liver (s. p. 406). Similarly, pronounced
liver fibrosis (s. p. 405) does not fulfil the criteria of cir-
rhosis, since the lobular architecture as well as the intra-
hepatic and intra-acinar vascular supply are uncompro-
mised. While fibrosis constitutes a precirrhotic stage, it
does not necessarily progress to cirrhosis itself. Fibrosis
can regress! • Thus, liver cirrhosis is characterized by the
following five criteria:

1. Pronounced, insufficiently repaired necroses of the
parenchyma (with or without inflammatory pro-
cesses)

2. Diffuse connective tissue proliferation
3. Varying degrees of nodular parenchymal regener-

ation

4. Loss and transformation of the lobular structure
within the liver as a whole

5. Impaired intrahepatic and intra-acinar vascular
supply

2 Classification

Definitive classification of cirrhosis is difficult. It can be
categorized according to its (1.) aetiology, (2.) morph-
ology, (3.) pathogenetic development, and (4.) clinical
features.

2.1 Aetiological classification

Classification of cirrhosis according to its aetiology
would be desirable, as this approach may help determine
prophylactic and therapeutic measures as well as prog-
nosis. If all diagnostic options are employed and the
patient cooperates optimally, an aetiological identifica-
tion of cirrhosis is possible in almost all cases today. •
Due to improved detailed diagnostics, the group of
so-called cryptogenic cirrhoses has been consistently
reduced (< 10% of cases). (s. tab. 35.2)

However, classification of cirrhosis based on aetiology
is limited for several reasons: (1.) the cause of cirrhosis
cannot be determined in many cases, (2.) a certain
cause gives rise to different morphological forms in
individual patients, (3.) there may be several causes
for the same form of cirrhosis, and (4.) various causes
may frequently coincide in diverse combinations.
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2.2 Morphological classification

Cirrhosis is an alteration which affects the whole
liver. It is characterized by septa-forming fibrosis and
the transformation of the lobular/acinar architecture
into insular or nodular parenchyma.

Up to now, the classification of cirrhosis according to
its morphology has met with the most approval. (10)
Classification is based on: (1.) liver size, (2.) size of the
regeneration nodes, (3.) fine-tissue structure, (4.) pro-
gression, and (5.) completion of cirrhosis. (s. tab. 35.1)
(10, 179) (see chapter 21.5.2)

I. Size of liver
1. Normotrophic cirrhosis
2. Hypertrophic cirrhosis
3. Atrophic cirrhosis (s. fig. 35.1)

II. Size of regeneration
1. Fine-nodular (granular) cirrhosis (s. fig. 28.13)
2. Coarse-nodular (nodular) cirrhosis (s. fig. 35.2)
3. Coarse-bulbous (lobular) cirrhosis (s. fig. 35.3)
4. Mixed-nodular cirrhosis (s. fig. 35.6)
5. “Smooth” cirrhosis (s. fig. 14.3)

III. Structure of the fine tissue
1. Multilobular (multiacinar) cirrhosis
2. Monolobular (monoacinar) cirrhosis
3. Mixed forms

IV. Progression of cirrhosis
1. Active (� progressive) form
2. Inactive (� stationary) form

V. Completion of cirrhosis
1. Complete form
2. Incomplete form
3. Incomplete septal cirrhosis

Tab. 35.1: Criteria for the morphological classification of cirrhosis
(see chapter 21.5.2)

2.2.1 Liver size

Liver size is determined by sonography (or CT). In cir-
rhosis, it varies from case to case and presents as hepato-
megaly, normal-sized liver or atrophy. There may even be
deviations due to a disproportion between the two lobes
resulting in asymmetric enlargement or reduction in
size. Usually, there is more functional parenchyma pre-
sent in hypertrophic or normotrophic cirrhosis than in
atrophic cirrhosis. The majority of cirrhoses are assigned
to the atrophic group. A progressive reduction in liver size
tending towards atrophy is to be interpreted as a prognos-
tically unfavourable sign, particularly when the trans-
aminase values decrease to a subnormal level. Deter-
mination of the liver size enables the course of disease
to be evaluated in terms of the remaining parenchymal
mass or its potential for regeneration.
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Atrophic cirrhosis as described by R.T.H. Laennec

(1819) was compared with hypertrophic cirrhosis as
described by A. Gubler (1853) and P. Olivier (1871); the
latter condition was identified as biliary cirrhosis by
V. Hanot (1875).

2.2.2 Regeneration nodes

While the formation of nodes is a typical finding on the
liver surface (s. figs. 28.13; 35.2�35.4), in sectional prep-
arations (s. fig. 35.5) and under the microscope (s. fig.
35.4), it is not an obligate criterion. It is hardly recog-
nizable in many cases, such as in haemochromatotic, bil-
iary and alcoholic cirrhosis. • Smooth cirrhosis, showing
a smooth liver surface despite complete transformation,
is likewise found; it is micronodular and poor in fibres.
(s. fig. 14.3)

� Proliferation is characterized by enlarged cells with great
variability in the size of the nuclei (� anisonucleosis), occur-
rence of hepatocytes with 2�3 nuclei and cell plates of varying
thickness. The parenchyma which has remained undamaged is
capable of regenerative proliferation. The vulnerability of the
acinus structure is the prerequisite for the criterion “transforma-
tion”, and the tendency to proliferate is the criterion for
“nodes”. • The blood vessels are also involved in this process:
(1.) reduction in the distance between presinusoidal and post-
sinusoidal vessels, (2.) development of shunts, and (3.) forma-
tion of a perinodular plexus (E. Gaudio et al., 1993). This plexus
consisting of arterioles guarantees the arterial blood supply
within the nodes. Due to the displacement effect of the nodes,
arterial vessels also become compressed. This is particularly
critical since the cirrhotic liver is almost exclusively supplied by
arterial blood, so that some areas become increasingly hypoxic
and are thus more prone to coagulation necrosis. This happens
mainly under conditions of circulatory collapse caused, for
instance, by haemorrhage or toxicosis. • In contrast, a very
favourable local arterial blood supply may lead to the forma-
tion of gigantic regeneration nodes similar to “proliferations”.
(s. fig. 35.1)

Fig. 35.1: Atrophic liver cirrhosis with pronounced, thick capsule
callosity. Gigantic regeneration node “proliferating” from the
underside of the right liver lobe, displacing the (duplicated!) gall
bladder
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The following forms of cirrhosis are differentiated
according to the size of the regeneration nodes: (1.)
micronodular (granular), (2.) coarse-nodular (nodular),
(3.) coarse-bulbous (lobular), and (4.) mixed-nodular.
The classification into granular, nodular and lobular
forms was proposed by A. H. Baggenstoss et al. (1952).
Despite complete transformation processes, cirrhosis
with a smooth surface, completely or largely without
intrahepatic nodes, is occasionally found. Various syno-
nyms have been used for this kind of classification
according to the type and size of the nodes. (quot. 88, 90)

Macronodular cirrhosis: In multilobular cirrhosis, the
nodes develop from parts of several lobules or from
larger parenchymal areas with intact lobular architec-
ture. This group with nodes of > 0.3 cm up to the size
of a walnut is also called postnecrotic cirrhosis or
Nagayo type A (M. Nagayo, 1914). The liver is predom-
inantly atrophic. The pseudolobules contain parts
derived from several acini (� multiacinar or multilobu-
lar cirrhosis). Portal fields and central venules are pre-
sent, however, in an abnormal topography. (s. fig. 35.2)

Fig. 35.2: Complete, coarse-nodular liver cirrhosis due to chronic
viral hepatitis B

A special form is incomplete septal cirrhosis; it is found
especially as a result of chronic hepatitis B or in Wege-
ner’s granulomatosis. (201) The thin septa, which invade
the parenchyma from the portal fields, contain no or
only very few inflammatory infiltrates (� passive septa).
(s. p. 407) • Lobular coarse-bulbous cirrhosis can likewise
be assigned to this group, which, as posthepatitic cirrho-
sis, is also called Nagayo type B or may be referred to
as Marchand’s hyperplasia (F. Marchand, 1895) or potato
liver (H. Kalk, 1957) in the literature. Lobular nodes can
reach such a size that they are mistaken for a normal
hepatic lobe. (s. fig. 35.1) Macronodular forms may fol-
low chronic viral hepatitis, chronic autoimmune hepati-
tis, metabolic diseases and toxic-necrotizing processes as
well as alcohol abuse. (s. fig. 35.3)
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Fig. 35.3 Complete, coarse-bulbous cirrhosis after years of alcohol
abuse and superimposed acute viral hepatitis B, showing a chronic
course. Mild tendency towards cholestasis; pronounced subcapsu-
lar vascularization and vascular stasis. Occasional funnel-shaped
parenchymal depressions

Micronodular cirrhosis: Monolobular (monoacinar) cir-
rhosis consists of individual hepatic lobules separated
by connective tissue, with the central vein maintained in
the interior. In pseudolobular cirrhosis, no elements of
the lobular architecture and no central vein can be
detected; the nodules in this type of cirrhosis are small.
The monolobular and pseudolobular forms are classi-
fied as micronodular cirrhosis, or Nagayo type C (with
node size < 0.3 cm). A striking feature is the uniformity
of the nodules. (s. figs. 35.4, 35.5)

Fig. 35.4: Complete, micronodular, progressive liver cirrhosis with
formation of pseudoacini (Sirius red)

The micronodular form can develop into a macronodu-
lar form, but not vice versa. Generally, micronodular
cirrhosis contains more fibrosis than parenchyma;
therefore it is firmer than macronodular cirrhosis. The
development of micronodular cirrhosis, e. g. in alcohol
abuse, may be caused by the fact that continuous alco-
hol intake blocks the protein synthesis, and thus the
parenchyma has no time or chance for cellular prolifera-
tion. This form of cirrhosis mainly results from alcohol
abuse, but may also be found in haemochromatosis,
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congestive liver, biliary cirrhosis, toxic liver damage due
to pharmacons, metabolic diseases and chronic viral
hepatitis. The liver is generally enlarged.

Fig. 35.5: Complete, micronodular to medium-nodular liver cir-
rhosis after chronic viral hepatitis B (section, native preparation)

Mixed-nodular cirrhosis is considered to be a transi-
tional form between micronodular and macronodular
cirrhosis (V.J. Desmet et al., 1990). Due to variations in the
regenerative capacity of the cirrhotic liver, 50% of

Fig. 35.6: Complete, mixed-nodular (toxin-induced) liver cirrhosis
due to years of alcohol abuse and long-term oxyphenisatin abuse
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micronodular forms with a diameter of 1.5 mm develop
into macronodular forms after 2�4 years, whereas after
10 years, the rate is as high as 90%. • Atrophic cirrhosis
is the most common form with regard to size, whereas
mixed-nodular cirrhosis is the most common form with
regard to nodes. (s. tab. 35.1) (s. figs. 35.2�35.7)

2.2.3 Progression

The question as to the progression of cirrhosis is of cru-
cial importance clinically and can only be answered by
means of histology. Progressive cirrhosis shows dense,
chronic inflammatory infiltration of the connective tis-
sue; the boundary between connective tissue and paren-
chyma is blurred. Groups of damaged hepatocytes, liver
cell necroses as well as nodules formed from the prolif-
eration of Kupffer cells and round cells are found within
the parenchyma. In places, piecemeal necroses infiltrate
the parenchymal islands. A great number of cirrhoses
only take a progressive course because of circulatory
disturbances. • Stationary cirrhosis is predominantly
found in macronodular forms. It frequently exhibits
round, clearly defined, nodular parenchymal areas
within scar tissue. The boundary between the paren-
chyma and connective tissue is (relatively) clear-cut. (s.
fig. 35.2) The scar tissue contains a small number of
chronic inflammatory infiltrates of moderate and
slightly varying density. The hepatocytes are conspicu-
ously enlarged. Fully developed stationary cirrhosis may
result, which is defined morphologically as defective
healing. • Remission of the cirrhosis is possible, provided
the cause of the disease is eliminated (e. g. abstention
from alcohol, iron depletion in haemochromatotic
cirrhosis, removal of biliary obstruction). However, nod-
ular transformation processes cannot be reversed �
restoration of normal lobular architecture is no longer
possible. • The morphological dynamics of progression
or full-scale stationary cirrhosis has to be strictly dif-
ferentiated from the respective clinical course. Clinical
progression frequently, but by no means always, corres-
ponds to morphological progression.

Fig. 35.7: Scheme of possibilities for hepatic transformation after
parenchymal necroses: (1) formation of pseudolobuli, (2) nodes
with enclosed portal field, (3) formation of parenchymal garlands,
(4) development of a coarse node from several hepatic lobules
which are, in part, completely intact, (5) scar formation after total
lobular necrosis (H. Thaler, 1975) (179)
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2.2.4 Completion

Another important criterion is to determine whether the
nodular transformation in the liver is complete or
incomplete. This morphological characteristic can be
found both in progressive and stationary cirrhoses. • In
complete cirrhosis, the parenchyma is completely parti-
tioned by connective tissue septa. The collapse of fibres
(due to portocentral bridging necroses) results in the
development of portocentral septa (� passive septa).
Due to the spreading of the inflammation to the peri-
portal parenchyma, septa develop and branch out from
the portal fields (� active septa). Generally, they lead to
capillarization of the sinusoidal walls as well. (s. fig.
35.7) Incomplete cirrhosis only displays the formation
of short septa (� subsepta), so that there are areas of
incomplete (partial) subdivision of the parenchyma.

2.2.5 Pathogenetic development

The development of cirrhosis can easily be understood
by analysing the morphological findings. Differentiation
is made between: (1.) regular cirrhosis (where the cause
has a constant, long-term and strong effect, e. g. in alco-
hol abuse, haemochromatosis, Wilson’s disease), (2.)
irregular cirrhosis (where the cause has an intermittent
effect interposed by inaction), (3.) mixed forms, (4.) bili-
ary forms, and (5.) vascular forms.

2.2.6 Postdystrophic cirrhosis

In the course of massive subacute liver necrosis (or
hepatic dystrophy), large parts of the hepatic paren-
chyma can be destroyed within a few months. Extensive
regenerative nodes form from the remaining epithelium.
Within these regenerations, the lobular architecture is
either still maintained or has been partially restored.
Areas of parenchymal loss are converted into fibre-
dense scar tissue with embedded pseudoductuli and
duct proliferations as well as irregularly located residual
hepatocytes. This course is extremely rare. In the litera-
ture, it is also called incomplete postnecrotic cirrhosis.

2.2.7 Necrosis, fibrogenesis, regeneration

The mechanisms leading to cell degeneration and cell
death have been described in detail. (see chapter 21.3.4)
The processes of regeneration (see chapter 21.3.5) and
fibrogenesis (see chapter 21.3.6) have also been dis-
cussed in depth. These three important events � cell
death, regeneration and fibrogenesis � are involved in
the development of cirrhosis.

Fibrogenesis commences with the activation of Ito cells by cyto-
kines such as TGFβ1, PDGF, TNFα, IGF1. This induction of Ito
cells leads to quantitatively increased (up to 10 times the norm)
and qualitatively altered synthesis of the extracellular matrix,
which consists of collagens, glycoproteins, proteoglycans and glu-
cosaminoglycans. • At the same time, degeneration of the matrix
is reduced by a decrease in matrix metalloproteinases (MMP) with
simultaneous increase in the tissue inhibitors of metalloproteinases
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(TIMP). Both factors reduce further degradation of connective tis-
sue. • The hepatocytes are now multilayered instead of normal
single-layered cell plates and lose their microvilli. Fenestration of
the sinusoids disappears, whereas the sinusoidal extracellular mat-
rix increases, leading to capillarization of the sinusoids. (s. pp 406,
526) In this way, the distance between the hepatocytes and the
blood becomes greater, and the clearance of macromolecular sub-
stances is reduced. Stronger flow resistance in the liver leads to
portal hypertension. • Portoportal and portocentral bands of con-
nective tissue form, in which portosystemic intrahepatic shunts
develop.

Regeneration after liver resection follows a coordinated and limited
course. This is not the case in cirrhosis: isolated and excessive
regenerations of hepatocytes and bile ducts are formed, from
which adenomas and carcinomas may develop.

2.2.8 Morphological diagnostics

In order to evaluate cirrhosis in terms of morphology,
certain requirements have to be fulfilled. Occasional
diagnostic uncertainty or divergent classification may
arise from the fact that the biopsy material is insuffi-
cient and therefore not representative. This, in turn,
is probably due to the fact that the techniques used
in obtaining these inadequate samples were faulty or
unsuitable. (s. pp 160, 161, 408, 726)

3 Epidemiology

Cirrhosis of the liver is a disease found all over the
world, affecting all races, age groups and both sexes. •
However, there are geographical differences regarding
the most important causative factors: (1.) rate of alcohol
consumption and (2.) frequency of viral hepatitis. Few
reliable figures concerning its incidence and prevalence
are available, since cirrhosis is often symptom-free.
Autopsy examinations suggest a prevalence of 4�10%.
The incidence is about 240/million inhabitants/year. •
The number of people suffering from cirrhosis in Ger-
many is estimated at 600,000�700,000; some 25,000
patients die of cirrhosis every year, with mortality being
twice as high in men as in women. Thus cirrhosis ranks
ninth as a cause of death, and even fifth for the age
group 45�65 years. • Generally, the increasing mortality
rate runs parallel to regional alcohol consumption. This
correlation between alcohol consumption and mortality
as well as morbidity due to cirrhosis applies equally to
men and women. • The slight decrease in mortality in
some countries observed during the past 10�15 years
may be due to more effective prophylaxis and improved
treatment options for complications. (61, 157)

4 Aetiology

The causes of “liver cirrhosis” are numerous; some of
them are rare, appearing even in childhood (e. g. drink-
ing water from copper pipes). Cirrhosis can be acquired
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or genetically based. Aetiological clarification, particu-
larly with early diagnosis, should always be a priority,
since it may aid treatment and thus prognosis. Cirrhosis
comes in many different forms! • There is still no
unequivocal answer to the question as to why these
causal factors are responsible for the development of
cirrhosis over such a widely varying period or why they
may not cause cirrhosis at all in some individuals. There
are even cases where cirrhosis develops despite effective
elimination of the causes � probably as a result of self-
perpetuation due to induced immunological mecha-
nisms. • Although there are numerous causes with vary-
ing pathogenesis, it is possible to differentiate between
three forms of cirrhosis from an aetiological viewpoint:
(1.) parenchyma-related cirrhosis, including the so-
called “common” cirrhosis (H. W. Altmann et al., 1986) as
well as metabolic cirrhosis, (2.) bile duct-related cirrho-
sis (� biliary cirrhosis), and (3.) vessel-related cirrhosis
(� vascular cirrhosis). (s. tab. 35.2)

Biliary cirrhosis: Biliary cirrhosis can be detected in
5�15% of cases. (s. pp 641, 646, 655) (s. figs. 32.5;
35.8, 35.9)

Fig. 35.8: Biliary liver cirrhosis after long-term chronic-recurrent
cholangitis

Fig. 35.9: Liver cirrhosis due to chronic-recurrent, ascending
cholangitis
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Alcohol abuse: Alcohol abuse is the most common cause of cirrho-
sis. Nevertheless, no more than 40�60% of alcoholics contract the
disease. Thus genetic factors must also be involved in the devel-
opment of alcoholic cirrhosis. Alcohol itself can be a facilitative
factor or cofactor. Moreover, so-called “additives” contained in
various alcoholic beverages in widely different quantities may also
be of greater importance than has hitherto been assumed. (100,
171, 186) (s. pp 528, 532) (s. fig. 28.13, 28.14)

Chronic autoimmune hepatitis: If untreated, AIH (especially type
2) develops almost inevitably into cirrhosis; the condition is further
aggravated by the presence of multilobular necrosis and bridging
necrosis. In bridging necrosis, development of cirrhosis is more
rapid between the portal fields and the central vein than between
the portal fields themselves. (s. p. 683) (s. fig. 33.4)

Chronic viral hepatitis: Within a period of 5�6 years, cirrhosis is
caused by chronic viral hepatitis B in 15�30%, chronic viral hepa-
titis C in 20�50% and chronic viral hepatitis B/D in up to 60% of
cases. The risk of cirrhosis is 4.2 times higher in HBsAg carriers
and 2.3 times higher in carriers of anti-HCV than in people with-
out these serum markers. (68, 78, 114, 144)

Haemochromatotic cirrhosis: Untreated idiopathic haemochro-
matosis has an insidious course and, as a rule, leads to (micronod-
ular) cirrhosis. Spontaneous remission has not been observed. The
survival rate in haemochromatotic cirrhosis is 60�65% after 10
years. (s. pp 620, 623) (s. figs. 31.24�31.26)

� We do not consider the terminological demarca-
tion of “primary” cirrhosis or the differentiation into
“primary” and “secondary” cirrhosis to be accept-
able because any kind of biliary cirrhosis constitutes
the final stage of a preceding chronic biliary disease.
(s. p. 646!)

Cryptogenic cirrhosis: Cirrhoses which cannot (yet) be
clarified by means of current investigation techniques
are subsumed under the term cryptogenic cirrhosis. (30)
Earlier data regarding the frequency no longer apply.
As a result of the methods of detailed diagnosis used
nowadays, only a small number of cirrhoses remain
truly “cryptogenic”. (15) Modern hepatological detailed
diagnostics yield an aetiological clarification rate of
nearly 95% of all patients! (s. tab. 35.2) • In most of
the remaining cases, chemical substances, which are still
unknown or which have not yet been identified as hepa-
totoxins, are probably involved, so that the patient con-
cerned remains unaware of them; furthermore, they
might occur in combination with other noxae that can-
not be identified. (see chapter 30) Medication may like-
wise cause chronic hepatitis as well as cirrhosis. This
also applies to herbal remedies, e. g. wild germander.
(see chapter 29) Knowledge in this field has been
greatly improved by cooperation between clinicians,
toxicologists and specialists in industrial and environ-
mental medicine. AIH was the cause of cryptogenic cir-
rhosis in 20�25% of cases. • Non-alcoholic steatohepa-
titis is of particular aetiological importance in crypto-
genic cirrhosis, especially in cases where obesity and dia-
betes coexist (30�35%). (15, 138, 143) (see chapter 31.3.6)
• Owing to modern diagnostic options (and assuming the
patient co-operates!), cryptogenic cirrhoses today consti-
tute no more than 5�10% of cases.
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1. Alcohol (see chapter 28)

2. Infections
Congenital syphilis (see chapter 24)
Schistosomiasis (see chapter 25)
Toxoplasmosis (see chapter 25)
Viral hepatitis B, C, D (see chapter 22)

3. Autoimmune diseases
Autoimmune hepatitis (see chapter 33)
Autoimmune cholangitis (see chapter 32)
Primary biliary cholangitis (see chapter 32)
Primary sclerosing cholangitis (see chapter 32)
Wegener’s granulomatosis

4. Pharmaceuticals (see chapter 29)
Amiodarone Methotrexate
Dantrolene Methyldopa
Halothane Nitrofurantoin
Isoniazid Perhexiline
MAO inhibitors Propylthiouracil

5. Chemical agents (see chapter 30)
Arsenic Phosphorus
Carbon tetrachloride Phytotoxins
Copper Trichloroethylene
Mycotoxins

6. Cholestatic diseases (see chapters 13, 32)
Aagenaes syndrome Byler’s syndrome
Arteriohepatic dysplasia Caroli’s syndrome
Bile-duct atresia Choledochal cyst
Bile-duct stenoses Chronic cholangitis

7. Venous congestion (see chapters 14, 39)
Budd-Chiari syndrome
Constrictive pericarditis
Right-sided heart failure
Veno-occlusive disease

8. Metabolic diseases (see chapter 31)
α1-antitrypsin deficiency
Abetalipoproteinaemia
Acute intermittent porphyria
Atransferrinaemia syndrome
Cystinosis
Erythrohepatic protoporphyria
Fructose intolerance
Galactosaemia
Gaucher’s disease
Glycogenosis (types I, III, IV)
Haemochromatosis
Hurler’s disease
Hypermethioninaemia
Mucoviscidosis
Neonatal adrenoleucodystrophia
Nieman-Pick disease
Non-alcoholic steatohepatitis
Porphyria cutanea tarda
Seip-Lawrence syndrome
Thalassaemia
Tyrosinosis (type I)
Wilson’s disease
Wolman’s disease
Zellweger syndrome

9. Intestinal bypass

10. Rendu-Osler-Weber disease

11. Indian childhood cirrhosis

12. Cryptogenic cirrhosis (<10%)

Tab. 35.2: Possible causes of liver cirrhosis
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5 Clinical classification

The following stages or courses of cirrhosis can be dif-
ferentiated according to clinical criteria:

1. Latent cirrhosis
2. Manifest cirrhosis

� active form
� inactive form

Latent cirrhosis: There are no subjective complaints or
clinical symptoms. This stage is identified by laboratory
parameters, imaging procedures or histological examin-
ation of the liver. Frequency is between 10 and 20%.

Manifest cirrhosis: Manifest cirrhosis is characterized by
subjective complaints and clinical findings. Hepatic
haemodynamics are significantly altered, and other
organs and organ systems as well as hormonal and
humoral functions are affected. Liver cirrhosis orches-
trates a complex array of altered biochemical and
physiological processes. • Manifest cirrhosis can present
in two forms:

1. Stage of compensation
2. Stage of decompensation

� portal decompensation
� metabolic decompensation

Apart from histological activity (� progressive) or in-
activity (� stationary), biochemical activity must also be
defined. The latter is determined by (1.) enzymatic activ-
ity, (2.) mesenchymal activity, and (3.) immunological
activity. (s. p. 121) • Compensated cirrhosis may be
either active or inactive. Even decompensated cirrhosis
can sometimes be kept in an inactive (stationary) stage
for a limited period of time. Jaundice (> 3 mg/dl) is a
typical sign of decompensation.

� Portal hypertension derives from microcirculatory disorders, with
increasing flow resistance in the sinusoids and postsinusoids. This
condition is a consequence of the narrowing, rarefaction and com-
pression of the sinusoids or central veins due to collagen deposi-
tion, fibrosis and nodulation as well as the presence of intrahepatic
arterio-portovenous shunts. Elevated endothelin levels are involved
in these processes. (13) Portal hypertension is also evoked or
increased by (relatively common) portal vein thrombosis. (7, 20,
127, 194) Nitric oxide (4, 12, 19), endotoxins (33, 35), platelet-
activating factor, prostacyclin, histamine, adenosine, serotonin,
bile acids, secretin, glucagons, etc. are all considered to be media-
tors of hyperdynamic splanchnic circulation. (s. p. 738) The resulting
portal hypertension with splenomegaly and collateral varicosis
become detectable with progressive cirrhosis of the liver. An
important factor is that in alcohol-induced liver diseases, portal
hypertension may be present before cirrhosis develops. (see chap-
ter 14)

Portal decompensation: The various forms manifest as
(1.) hypersplenism, (2.) increasing collateral varicosis
with a simultaneous rise in the splanchnic flow due to
hyperdynamic circulation and vasodilatation in the area
of the splanchnic vessels, (3.) hepatic encephalopathy,
and (4.) oedema and ascites. (see chapters 14, 15 and 16)
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Portal decompensation

� Hypersplenism
� Collateral varicosis
� Portal hypertensive gastropathy
� Hepatic encephalopathy
� Oedema and ascites

� By fulfilling a multitude of metabolic functions, the liver guaran-
tees the survival of the organism. Some 70 metabolic partial func-
tions grouped into 12 main metabolic areas need to be constantly
maintained with the help of some 500 biochemical processes carried
out separately within the hepatocytes. (s. p. 32)

Metabolic decompensation: Pronounced functional
decrease or dysfunction in several metabolic areas result
in partial metabolic insufficiency. With the failure of
additional metabolic functions, there is a risk of global
metabolic insufficiency. Development of metabolic insuf-
ficiency (also known as cellular decompensation) is due
to a significant loss of hepatocytes (e. g. mass necroses)
and/or a loss of function of the hepatocytes (e. g. insuffi-
cient numbers of hepatocytes and accumulation of
waste products in cirrhotic transformation with the
development of shunts).

Metabolic decompensation

Disturbance of some or almost all biochemical func-
tions, also with a negative energy balance (� partial
or global insufficiency) (see chapter 20) :
• Jaundice (see chapter 12)
• Encephalopathy (see chapter 15)
• Oedema, ascites (see chapter 16)
• Disturbed coagulation (see chapter 19)
• Impaired protein metabolism
• Impaired carbohydrate metabolism
• Disturbed biotransformation
• Hormonal dysbalances
• Altered pharmacokinetics
• Bacterial and viral infections
• States of deficiency (vitamins, trace elements,

electrolytes, energy carrier substances)

1. HE and hepatic coma (see chapter 15)
2. Ascites (see chapter 16)
3. Spontaneous bacterial peritonitis (see chapter 16)
4. Hepatorenal syndrome (see chapter 17)
5. Hepatopulmonary syndrome (see chapter 18)
6. Coagulopathy (DIC) (see chapter 19)
7. Acute varix bleeding (see chapter 19)
8. Hepatocellular carcinoma (see chapter 37)
9. Hepatic osteopathy

10. Cholelithiasis
11. Impaired protein, carbohydrate, lipid,

vitamin and hormonal metabolism
12. Portosystemic myelopathy and neuropathy

Tab. 35.3: Possible complications in liver cirrhosis
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Complications: Generally, complications can occur dur-
ing the stages of compensation and decompensation.
Some complications predominantly arise from a decom-
pensated situation, whereas others do not necessarily
occur at all in the natural course of cirrhosis. However,
in view of the cirrhosis-induced lability of the metabolic
functions, they may easily be provoked by the patient’s
inappropriate behaviour or by iatrogenic measures.
Viruses, such as CMV or influenza A (50), may cause
deterioration of the liver function or decompensation.
(59, 157) (s. tab. 35.3)

6 Diagnosis

� Liver cirrhosis is the final stage of a hepatic disease
which has generally run a chronic course for several years.
• Some 60�65% of cirrhoses are alcohol-induced (long-
standing alcohol abuse does not go unnoticed!). Some
25�30% of cirrhoses are thought to be posthepatitic
events. Although a very small number of anicteric HBV
and particularly HCV infections remain unrecognized
(the exact figure is impossible to estimate), most acute
and icteric courses are diagnosed. • With today’s diag-
nostic possibilities, chronic liver disease is generally
detected at an early stage, either due to general com-
plaints by the patient or during medical examinations.
Its course is then carefully monitored. • The point at
which a chronic liver disease, particularly cirrhosis, is
first detected depends on the patient’s general attitude
and the diagnostic interview, which nowadays is far more
effective than the standard 20�30 years ago!

� Thus (subjectively and clinically symptom-free) latent
cirrhosis, the frequency of which is 10�20% of cases,
need not remain undetected. Looking back on almost
40 years of experience, we can state that cirrhosis itself
constituted the first diagnosis in no more than 10% of
cases. The first diagnosis of cirrhosis at such a complica-
tive stage as oesophageal varix bleeding or decompensa-
tion has fortunately become a rare event. • The course
of cirrhosis (progressing, stationary, or regressing) is
monitored by clinical findings, liver function tests and
sonography.

6.1 Anamnesis

Targeted anamnesis can yield valuable diagnostic infor-
mation as soon as liver disease is suspected. This may
require insistent and intense questioning, involving
additional consultations. Such an approach is especially
helpful in determining risk factors concerning viral hepa-
titis infection and toxic effects. (s. p. 76) (s. fig. 4.21)

6.2 Complaints

The subjective complaints of cirrhosis are non-charac-
teristic and ambiguous. Even determination of the
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severity of cirrhosis is only possible to a limited extent.
Most often, fatigue (“pain of the liver”) (60�80%),
sleep disturbance (possibly due to an impaired melato-
nin rhythm) (40, 173) and gastrointestinal complaints
(50�60%) as well as mental disorders are mentioned by
the patient. The most important subjective complaints
can be noted quickly by using a check list. • Frequently,
however, the patient does not mention any subjective
complaints. (s. p. 77) (s. fig. 4.21)

6.3 Clinical findings

As a rule, all of the cirrhosis-typical findings occur in
the late course of the disease. Occasionally, patients
report striking findings such as changes in the consis-
tency, colour or smell of faeces, cutaneous or mucous
bleeding and unexplained febrile episodes. The senses of
taste and smell are both impaired. (25) Eyelid retraction
and eyelid lag are often increased. • The liver becomes
harder; hepatomegaly is present in about 60% of
patients, while in about 20% of cases, the liver is
atrophic and therefore usually no longer palpable. Sin-
gle nodes are sometimes detectable. • Splenomegaly is
present in 50�75% of cases. Splenic infarction may
occasionally be detected (e. g. laparoscopically). (s. fig.
35.10) Generally, there is development of hypersplenism
(� reticuloendothelial hyperplasia with increased fibro-
sis and hyperaemia). • Muscle cramps (F. Konikoff et al.,
1985) sometimes occur. Zinc deficiency or the admin-
istration of diuretics are not considered to be possible
causes. These painful cramps occur mostly at night and
mainly affect the gastrocnemius muscle and small
muscles of the foot. They are often accompanied by
increased activity of the renin system with a decrease in
the effective blood volume. As a rule, they respond to
BCAA supplements in the late evening (152), quinine
sulphate (oral application) or i.v. albumin infusion (1 x
per week). (9) Hepatic myelopathy with spastic parapare-
sis is a rare event, especially in the advanced stage of
cirrhosis. Pathogenesis is not yet clarified. Liver trans-
plantation leads to complete recovery. • Symptoms of
peripheral neuropathy have also been observed. (16, 83,
172) There is often meteorism (“first the wind ...”) and
in many cases ascites develops (“... and then the rain”).
Tachycardia, hypotension and systolic murmur point to
hyperdynamic circulation. Evidence of pronounced spi-
der naevi is generally a sign of a significant disturbance
of the systemic and pulmonary circulation. (19, 113, 115)
Occasional murmurs may be perceptible in the umbilical
area (Cruveilhier-Baumgarten syndrome). Men often
display symptoms of feminization, while women display
symptoms of hypogonadism. • Numerous skin stigmata
of liver disease, which may be partially pathognomonic,
are visible in varying intensities and combinations; they
can be rapidly and clearly documented by using a check
list. (s. tab. 4.3) (s. figs. 4.6�4.11, 4.18�4.21) (s. pp
79�86)
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Fig. 35.10: Splenic infarction in splenomegaly due to complete
liver cirrhosis. (Postpartum blood transfusion into the umbilical
vein, with subsequent severe viral hepatitis B and rapid transition
into early infantile cirrhosis)

6.4 Laboratory findings

Enzymatic activity: The enzymatic activity depends
upon the extent of (1.) inflammatory or necrobiotic
damage to the hepatocytes and (2.) residual parenchy-
mal mass. Accordingly, subnormal, normal or dif-
ferently increased values of GPT and GOT, and in some
cases also of GDH, are found. Enzyme quotients may
be used for establishing the diagnosis. (s. tabs. 5.6, 5.7)
Cholestasis parameters are moderately elevated; in bili-
ary diseases, however, the rise is significant. A pro-
gressive increase in γ-GT and AP suggests hepatocellu-
lar carcinoma and requires determination of �1-
foetoprotein. Disproportionally elevated γ-GT values
generally indicate alcoholic or chemical-toxic aetiology
or even HCV infection � but sometimes also regener-
ation of the hepatocytes. (88, 90, 140, 169) With the pro-
gressive loss of liver parenchyma, the transaminase
values fall to the normal range, and occasionally even to
subnormal levels. This prognostically unfavourable sign
correlates with a deterioration of the liver function test.

Mesenchymal activity: Mesenchymal activity is accom-
panied by an increase in γ-globulins and immunoglobu-
lins. There is a broad-based, often dromedary-like
humped γ-globulin peak (typically 22�35 rel.%). Albu-
mins can be reliably determined by means of immuno-
nephelometry. Generally, IgA is elevated in alcoholic
cirrhosis, IgG in autoimmune cirrhosis and IgM in pri-
mary biliary cholangitis or CDNC-related cirrhosis. The
rise in γ-globulins is due to reduced clearance of bacter-
ial antigens in the RES, with increased antibody forma-
tion against intestinal bacteria, mainly E. coli. At the
same time, elevated γ-globulins have a depressor effect
on albumin synthesis and are indicators of the degree
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Coagulation factors Coagulation inhibitors Fibrinolytic system

Fibrinogen (I) � Antithrombin III � Plasminogen �
Factors II, IX, X � Protein C � α2-antiplasmin �
Factor VII �� Protein C inhibitor � Prekallikrein �

Protein S �Factors V, IX, XII, XIII � HRGP �
Heparin cofactor �Factor VIII � t-PA �

TPT � D dimer �
Quick’s value �
PTT �

Tab. 35.4: Abnormal coagulation factors, coagulation inhibitors and fibrinolytic system values in hepatic cirrhosis (TPT � thromboplastin
time; PTT � partial thromboplastin time; HRGP � histidine-rich glycoprotein; t-PA � tissue plasminogen activator)

of portacaval anastomoses. The serum value of copper
may be increased. In correlation with the dynamics of
fibrogenesis, there is often a rise in P-III-P and hyaluro-
nan. (87) • Increased γ-globulins and decreased cholines-
terase may point to cirrhosis. (88, 90)

Liver function parameters: The most common endogen-
ous liver function parameters, such as lowered cholin-
esterase, albumin (17) and Quick’s value, are helpful for
diagnosis. Since 1982, we have included the determin-
ation of bile acids as a relatively sensitive and specific
follow-up procedure. Abnormal coagulation factors and
fibrinolysis values are of particular diagnostic and prog-
nostic importance. Factor 5 has a short half-life. (s. tab.
35.4) • These endogenous parameters can provide add-
itional help in evaluating the remaining liver function,
especially when used in combination, and may thus
facilitate prognostic evaluation. An increase in bilirubin
and subsequent permanent jaundice are unfavourable
prognostic signs. (140) Urobilinogenuria is mostly pre-
sent. • Galactose elimination capacity (150, 153) and the
indocyanine green test are reliable exogenous liver func-
tion tests. (68, 167) Good results have also been obtained
using the caffeine test, aminopyrine breath test (43) (s. pp
108�109) and MEGX test. (124, 162) The formation of
portosystemic collaterals can sometimes be assessed
with the help of the ammonium tolerance test. (s. p. 107)
• In a more advanced cirrhosis, there is a decrease in
BCAA (valine, leucine, isoleucine) and an increase in
AAA (phenylalanine, tyrosine, methionine).

Additional parameters: Decreased serum values of zinc
(105, 196) and selenium (27, 181), thrombopenia or throm-
bopathy (128) as well as increased values of endotoxins
(33, 35) and homocysteine are also considered to be
important laboratory parameters. Increased values of
anticardiolipin antibodies are a hint of existing portal
vein thrombosis. • Determination of �1-foetoprotein (s.
pp 106, 778) or des-gamma-carboxy prothrombin (s. p.
779) should be carried out to obtain a basic value, then
checked at longer intervals; if values increase, they must
be monitored at shorter intervals. This also applies if
there is a progressive rise in AP and γ-GT.

6.5 Imaging procedures

Imaging techniques have significantly improved the
diagnosis of cirrhotic diseases. They supply detailed

725

information on (1.) structural changes in the liver, (2.)
development of portal hypertension and formation of
collaterals, (3.) occurrence of ascites at a very early
stage, (4.) haemodynamics, and (5.) vascular changes. (s.
tab. 35.5)

6.5.1 Sonography

Portal hypertension can be reliably detected and evalu-
ated by way of sonographic criteria. (s. pp 129, 251) The
sensitivity of sonography is limited by the extent of the
cirrhosis-induced changes and reaches 85�90% in pro-
nounced stages of cirrhosis. Specificity is high. The nod-
ularity of the liver surface is, in general, easily visible,
especially using a 7.5 MHz annular-array transducer.
(120) Occasionally, however, the surface is so finely
undulant that it appears smooth in sonography. The
reflex pattern is inhomogeneous, irregular and coarse;
the vessels are rarefied and tortuous. Splenomegaly as
well as dilated portal vessels with collaterals are in evi-
dence. Any reduction in size of the quadrate lobe (seg-
ment IV) (<3 cm in diameter) is an important indicator.
The caudate lobe is enlarged (especially in alcoholic cir-
rhosis) in relation to the right lobe. Regeneration nodes
can appear as focal lesions; they may be misinterpreted
as malignant foci. (s. figs. 6.6; 35.11)

Fig. 35.11: Liver cirrhosis with ascites (�). Re-opened umbilical
vein (��), hepatic bifurcation and hilum of the liver with ramifi-
cation of the portal vein (���)

Sonography is also considered to be a routine technique
for evaluating the course of cirrhosis. It does not, how-
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Diagnosis of portal hypertensionDiagnosis Diagnosis
of cirrhosis Portal vein Splenomegaly Collaterals of HCC

1. Sonography �� � ��� �� �
2. Colour-encoded duplex sonography �� �� � �� �
3. CT �� �� �� �� ���
4. MRI �� ��� �� ��� ��
5. Angiography (�) ��� ��� ��� ���

Tab. 35.5: Diagnostic reliability of imaging techniques in liver cirrhosis

ever, provide any information about the activity of dis-
ease, degree of fibrosis or initial stage of a malignant
process. (14, 38, 48, 80, 92, 93, 101, 120, 168, 174, 191) • EUS
has proved successful in evaluating varices in the distal
oesophagus and cardia area. (23) (s. pp 137, 354)

6.5.2 Colour-encoded duplex sonography

Colour-encoded duplex sonography facilitates charac-
terization of the portal and hepatovenous haemodynam-
ics and differentiation between the hepatofugal and
hepatopetal direction of flow. (56) There is a flattening
of the flow wave in hepatic veins. CEDS can show a
shortened liver transit time (using sonographic contrast
medium), collaterals, thrombosis or the reopening of
vessels, spontaneous portosystemic shunts (60, 147) and
arterioportal fistulas (22) as well as determining the por-
tacaval pressure gradient. (22, 60, 96, 113, 147, 169) (s. figs.
14.13; 35.12) (s. p. 137) • Colour-encoded duplex sono-
graphy is indispensable for establishing indications and
excluding contraindications regarding TIPS; it is also
used for monitoring a TIPS placement.

Fig. 35.12: Colour-encoded duplex sonography: retrograde portal
flow (flow inversion) in both branches and in the trunk of the
portal vein due to arterioportal shunts

6.5.3 Computer tomography

CT scanning basically provides the same information as
sonography, but the surface tubers or inhomogeneous
internal structure are usually represented more clearly.
Generally, regeneration nodes cannot be differentiated.
The portal system and hepatic veins as well as collateral
vessels are discernible. Even small collections of ascitic
fluid and some increases in density are recognizable. The
caudate lobe is more enlarged in compensated than in
decompensated cirrhosis. (80, 195) CT is particularly
valuable in detecting small hepatocellular carcinomas.
(79, 103)
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Fig. 35.13: Cirrhosis with regenerative node (���), recanalized
umbilical vein (� caput Medusae) (�) and ascites (�•••) in CT

6.5.4 Magnetic resonance imaging

No further diagnostic information is gained by MRI, even though
histological results can be improved to a certain extent by applying
special techniques. By measuring the signal intensity of the liver,
it is generally possible to quantify the extent of liver cirrhosis. Even
the uptake of contrast medium as an expression of the still func-
tioning proportion of the parenchyma can facilitate quantification.
As a rule, liver perfusion is reduced in relation to the increase in
arterial blood flow. The relative reduction in the volume of the
right lobe of liver compared to the caudate lobe correlates closely
with the extent of the cirrhosis. However, this has no relevance in
the context of cirrhosis. (75, 76, 79, 80, 103, 106, 108, 172, 192)

6.5.5 Radioisotope scanning

This technique reveals decreased uptake of the radioisotope with
an irregular pattern. Regeneration nodes cannot be visualized.
There is enhanced storage in the spleen and bone marrow. (s. fig.
9.1)

6.6 Liver biopsy and laparoscopy

Laparoscopy: The direct visualization of the nodular
liver by laparoscopy is the procedure with the greatest
value for primary morphological diagnosis. The diag-
nostic margin of error regarding percutaneous biopsy in
cirrhosis is so high that there can be no indication for
biopsy using a Menghini needle! Only a compact biopsy
sample turns histology into a diagnostic gold standard;
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furthermore, such a sample allows all other specific eval-
uation techniques to be carried out, if necessary. • It is
particularly important to obtain photolaparoscopic doc-
umentation of the liver surface, regeneration and scar
areas, portal hypertension, spleen (or splenic infarction)
(s. fig. 35.10) and other relevant, individual, abdominal
findings. (89, 91, 129, 137) Although percutaneous biopsy
using a Vim-Silverman needle usually produces a com-
pact biopsy punch, it entails a higher and less control-
lable bleeding risk. Only an adequate biopsy sample
yields the necessary results: (1.) confirmation of diagno-
sis, (2.) assessment of the degree of activity (� grading),
(3.) evaluation of the extent of fibrosis (� staging), and
(4.) specific histochemical examinations if a certain aeti-
ology of cirrhosis is given.

Connective tissue collagen in biopsy specimens can be shown, for
example, by the following staining:

elastic fibres (e. g. sinusoids) � elastin
reticulum fibres � silver
portal and central zones � van Gieson
basal membrane � PAS

Both the risks and the possibility of obtaining uncertain
results are far greater with percutaneous biopsy than with
laparoscopically directed biopsy. The latter produces a
detailed diagnosis in 97�100% of cases, a result also
confirmed by our own observations. (46, 90, 123, 129) •
Insufficient training in laparoscopy or the non-availabil-
ity of this examination technique do not constitute an
indication for percutaneous biopsy in liver cirrhosis, at
least for initial diagnosis. (s. figs. 7.8, 7.15; 16.5; 28.13;
35.2�35.4) (s. pp 160, 161, 408)

6.7 Endoscopy

Gastroscopy (s. figs. 14.10, 14.14; 19.7, 19.9), rectocol-
oscopy (s. fig. 19.13) and, in certain cases, rectal endoso-
nography are required for evaluating oesophageal vari-
ces, portal hypertensive gastroenteropathy (41, 55, 64, 130,
133, 141, 190), gastric antral vascular ectasia (133), peptic
ulcer (55, 134, 170, 205), intestinal (21, 158) and anorectal
(70) varices, etc.

Child-Turcotte stage and Pugh modification A B C
1 point 2 points 3 points

1. Bilirubin (mg/dl, µmol / l) � 2.0 < 35 2�3.0 35�51 � 3.0 > 51
2. Albumin (g/dl) � 3.5 2.8�3.5 � 2.8
3. Ascites none easy to treat difficult to treat
4. Encephalopathy none stages I, II stages III, IV
5. Quick’s value (%)*) (or INR) � 70 (< 1.7) 40�70 (1.8�2.3) � 40 (> 2.3)

Points score (used by Pugh) 5�6 7�9 10�15

Survival rate: 1 and 2 year(s) 100%; 85% 80%; 60% 45%; 35%

Tab. 35.6: Classification of hepatic cirrhosis according to Child-Turcotte (1964) and Pugh (1973) (stage A � good compensation, stage B �
significant functional loss, stage C � decompensation) *) Quick’s value is additionally used by Pugh (INR � international normalized ratio)

727

7 Prognostic classification

The clinical picture of liver cirrhosis displays a great
variety of forms. This makes it very difficult to judge
the prognosis and to establish an appropriate treatment
plan, particularly with regard to surgical intervention.
It was indeed surgeons who proposed a classification
suitable for improved evaluation of the risks involved in
surgery (C.G. Child, J.G. Turcotte, 1964). By means of
simple parameters, it is possible to assess the functional
reserves of the liver with sufficient reliability. Some
parameters show the severity of portal hypertension
(e. g. ascites, encephalopathy), while others yield infor-
mation about the metabolic functions of the liver (e. g.
jaundice, albumin value, hyaluronan) (17, 87, 140); these
criteria were extended by the addition of Quick’s value
(R.N.H. Pugh et al., 1973). Clinicians hope to improve the
value of this classification by multiplying the criteria of
class A by 1, of class B by 2 and of class C by 3, so
that an overall score ranging from 5 (� most favourable
prognosis) to 15 (� worst prognosis) is achieved. A
close correlation between the deterioration of the Child-
Pugh grade and the increasing size of the oesophageal
varices could be shown. (2, 35, 46, 59, 78, 107, 139, 140, 144,
157, 176, 203) (s. tab. 35.6)

Criteria: Criteria such as ascites, encephalopathy and nutri-
tional status are obviously blurred and, to a certain extent, may
be interpreted subjectively. For example, the degree of ascites
(depending on the examination method chosen) as well as the
determination of patient response to treatment (depending on
the medication used) are criteria that are hard to standardize.
By contrast, encephalopathy can be easily classified according
to its stages. (s. tab. 15.5) • Liver function tests may provide
information about the severity of the functional disorder at an
early stage of cirrhosis. We have always preferred to use the two
liver function tests GEC and ICG as additional methods of
evaluation, whereby ascites was determined sonographically
and subjected to largely standardized treatment. Reproducible
functional values make it much easier to distinguish between
class A and B as well as between the scores 5�7 and 8�10.
They are no substitute for classification (s. tab. 35.6), but may
provide valuable information in individual cases. These two
function tests are reliable in quantifying the liver cell mass (e. g.
by means of GEC) as well as the effective liver blood supply
(e. g. by means of ICG) as prognostically useful parameters.
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8 Differential diagnosis

Differential diagnosis of liver cirrhosis is concerned with
two questions: (1.) confirmation of the diagnosis and (2.)
clarification of the aetiology. (59, 68, 90, 107, 114)

� A diagnosis with an accuracy of almost 100% is guar-
anteed by using laparoscopy and biopsy, whereby in the
latter technique, samples are taken from both liver
lobes, if necessary. It is important to obtain a compact
biopsy sample � albeit in larger fragments. Crumbly
material is of no use! If such tissue crumbs have been
obtained by using a Menghini needle, the Vim-Sil-
verman needle has to be used for a second biopsy (and
should have been used in the first place in targeted
biopsy in liver cirrhosis!). A reticulin preparation, which
reveals the extent and distribution of connective tissue
more clearly, is diagnostically valuable. • Differentiation
has to be made between: (1.) focal nodular hyperplasia,
which does not show any lobular areas cut off by con-
nective tissue, (2.) liver fibrosis (s. figs. 7.16; 21.14; 22.15;
28.6, 28.7), and (3.) scar tissue within cirrhosis, e. g. in a
scarred liver. (s. p. 405) (s. fig. 35.14)

Fig. 35.14: Postnecrotic scarred liver after severe viral hepatitis B.
Atrophy of the left liver lobe with regenerations, broad cicatricial
areas and scarred furrows (s. figs. 21.13; 22.16; 35.1!)

Clarification of the aetiology of cirrhosis is usually no
problem as long as the potential causes are investigated
carefully. In this context, an overview of the numerous
causes of cirrhosis as a check list in chart form is very
useful. (s. tab. 35.2) The necessary diagnostic param-
eters can then be applied efficiently. Specific histochem-
ical investigations (e. g. in storage diseases) are carried
out accordingly. It is important to categorize cirrhosis
based on its aetiology as some forms can then be treated
more effectively. • Certain sequelae or complications
which impede a differential diagnosis are prevalent in
some forms of cirrhosis; they are often the primary
reason why the patient consults a physician. (s. tab. 35.2)
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9 Consequences and complications

During the course of cirrhosis, it is almost impossible
to differentiate between metabolic consequences and
complications due to the fact that transitions are fluid
both in terms of terminology and clinical features.
Metabolic consequences may be complications in
themselves, or play a special role in the occurrence of
acute sequelae, or even turn a complicative event into
a deleterious situation. The initial cause of such
developments often remains unknown. Usually, a
vicious circle of impaired mechanisms precedes rele-
vant metabolic insufficiency or other complications. •
The development of such events can be triggered by
the course of disease itself or by the patient’s behavi-
our, or even by therapeutic interventions.

The clinical picture of cirrhosis is overlapped by the
symptomatology of the respective metabolic sequelae,
or in some cases the complicative event predominates.
Occasionally, a wide spectrum of symptoms and find-
ings may be observed. This calls for detailed diagnos-
tic clarification and varied medical treatment by an
internal specialist as well as intensive care or some-
times invasive measures.

In cirrhosis, both the overall hepatic intermediary
metabolism (s. p. 32 and footnote *); s. tab. 3.1) and
the microcirculation are severely impaired.

9.1 Negative energy balance

Cirrhotic patients often suffer from a negative energy
balance even at an early stage, predominantly due to
protein deficiency, so-called protein-energy malnutrition
(PEM). This pathological metabolic situation found in
70�80% of cases can be recognized by reduced oxygen
consumption. The administration of β-blockers in
patients with cirrhosis causes a favourable metabolic
effect, whereby energy expenditure and catecholamine
levels are decreased.

The energy required for hepatocellular metabolism is mainly pro-
vided by oxidation of short-chain fatty acids and amino acids via
the citric acid cycle, usually in the mitochondria. Fructose and
ethanol are also available for oxidation. In this process, O2 partial
pressure falls from 13% in the periportal area to 6% in the peri-
central area, which means that the latter region is the most prone
to hypoxic cellular damage.

The energy supply required by cirrhotic patients is achieved by
mobilizing fats: the patient’s fatty tissue is reduced and body
weight decreases; the continuing energy requirement is met by the
breakdown of muscle proteins with the result that amino acids are
formed, which in turn are used for gluconeogenesis in the liver.
Catabolism increases and leads to muscular atrophy, which is
known as wasting syndrome. (29, 32, 62, 86, 104, 116, 117, 126)

9.2 Carbohydrate metabolism disorders
� The central role of the liver in carbohydrate metabolism is
underlined by the term glucostate (K. Jungermann, 1986). The
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ingestion of carbohydrates leads to the production and storage of
glycogen; it is produced mainly in the pericentral area. A large
amount of the glucose absorbed passes directly through the liver
to the peripheral organs, where it is primarily utilized. The remain-
ing C3 bodies (alanine, lactate) are returned to the liver, where
glycogen synthesis takes place predominantly in the periportal
zone. Gluconeogenesis, i. e. hormone-regulated neoformation of
glucose from lactate and glucoplastic amino acids, and glycolysis
occur simultaneously and continuously in the same hepatocyte.
Usually, about 80% of the glucose released comes from glucogeno-
lysis and some 20% from gluconeogenesis. The energy yield from
oxidative breakdown of fructose and glucose, for instance, is 34
and 38 ATP, respectively; the energy from the β-oxidation of fatty
acids, such as hexaonate or palmitate, is 44 and 129 ATP, respect-
ively. (s. p. 40) (s. figs. 3.6, 3.7) • In liver cirrhosis, three forms of
carbohydrate metabolic disorders may be expected: (1.) hypoglyc-
aemia, (2.) hepatogenic diabetes mellitus, and (3.) impaired glyco-
genolysis and gluconeogenesis (T. Yoshida et al., 1998).

9.2.1 Hypoglycaemia

Hypoglycaemia is a rare event. It is nearly always due
to reduced gluconeogenesis, particularly following loss
of parenchyma (usually >80%). Chronic alcohol abuse
or acute alcohol intoxication can lead to hypoglycaemia.
(s. p. 522)

9.2.2 Hepatogenic diabetes mellitus

Glucose intolerance is found in 50�80% and manifest
diabetes in 10�15% of cirrhotic patients. Depending on
the severity, glucose intolerance or manifest diabetes
may also be observed in fatty liver in 40�70% and
10�40% of patients, respectively; in haemochromatotic
cirrhosis, the frequency of diabetes is 60�70%. The cor-
responding liver disease is generally the cause of the dis-
turbed carbohydrate metabolism, which it precedes. • At
the same time, increased insulin and glucagon values (2
or 3 times above normal) can be detected (163); admin-
istration of insulin only causes a minor decrease in the
glucose serum values. Thus there is no insulin defi-
ciency, but insulin resistance (W. Creutzfeldt et al., 1970);
this may be caused by a TNF-induced disturbance in
the tyrosine phosphorylation of the insulin receptor.
Insulin resistance in cirrhosis is a multifactorial process.
Hyperinsulinaemia is due to a reduced breakdown of
insulin in the liver and may, among other things, be
caused by increased insulin secretion stimulated by
hyperglycaemia. In this process, however, hyperinsulin-
aemia is not sufficient to overcome peripheral insulin
resistance; there is a reduction in insulin-dependent glu-
cose absorption and its turnover in the skeletal muscula-
ture and fatty tissue. • Treatment of hepatogenic dia-
betes is by dietary measures or, depending on the case,
by sulphonylurea (G. Marchesini et al., 1998) or (prefer-
ably) benzoic acid derivatives, e. g. repaglinide. Zinc
leads to an improvement in glucose metabolism. Bigu-
anides are contraindicated. (105, 138, 166, 177)

9.2.3 Glycogenolysis disorders

The glycogen content of the liver and glycogenolysis are
reduced to 20�30% of the normal level. The clearly
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decreased glycogenolysis is compensated by increased
gluconeogenesis (3 or 4 times above normal). This
requires amino acids from the breakdown of muscle
protein. Absorption of glucose in the liver is reduced,
particularly in portacaval anastomoses, while the release
of glucose is unaffected.

9.3 Protein metabolism disorders
� The protein and amino-acid metabolism of the liver is charac-
terized by three essential functions: (1.) production and breakdown
of proteins, (2.) production and breakdown of amino acids as well
as regulation of their concentrations in the blood, and (3.) detoxifi-
cation of ammonium via the synthesis of urea (� excretory form)
and glutamine (� non-toxic transport or storage form) with simul-
taneous regulation of the acid-base balance. The breakdown of
branched-chain amino acids occurs only in the musculature by way
of deamination. (s. pp 38, 43)

9.3.1 Catabolism

In cirrhotic patients, a reduced synthesis rate of most
proteins is found at an early stage, with albumin synthe-
sis being the least compromised factor at first. Fat stor-
age, muscle mass and protein turnover are reduced. This
ultimately leads to catabolism (so-called stress metabol-
ism) and increasing muscular atrophy (so-called wasting
syndrome). The latter condition can also result from
sympathicotonia with elevated catecholamine values;
similarly, decreased values of IGF1 inhibit the forma-
tion of muscle tissue.

9.3.2 Amino-acid imbalance

The regulation of the amino-acid values in the blood
plasma is increasingly disturbed, so that significant
changes in their distribution pattern ultimately occur.
There is a decrease in branched-chain amino acids, prob-
ably due to greater absorption in the muscles and
increased metabolic degradation (possibly as a conse-
quence of hyperinsulinism). This decrease can be pre-
vented by the administration of β-blockers. • The rise in
aromatic amino acids is thought to be caused by their
reduced breakdown in the liver. They are the initial
products for the formation of neurotransmitters and
mediators; this explains the increase in serum values,
e. g. of serotonin and noradrenaline, in liver cirrhosis.
The plasma value of methionine is also elevated due to
S-adenosylmethionine synthase deficiency, with simul-
taneously reduced methionine clearance. As a result,
there is insufficient formation of glutathione; the phos-
pholipid synthesis required for the biomembranes is
reduced, and decreased polyamine synthesis compro-
mises regeneration. (34) • A reduction in urea synthesis
(by some 30%) results in hyperammonaemia and meta-
bolic alkalosis. The turnover and concentration of ala-
nine remain unchanged in cirrhosis; glutamine values
are increased. In addition to that, hyperinsulinism leads
to a decrease in urea synthesis, as does zinc deficiency.
(116, 117, 163) (s. p 266)
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9.4 Lipid metabolism disorders
� The role of the liver in lipid metabolism is characterized by five
important functions: (1.) β-oxidation and ketogenesis, (2.) lipogen-
esis, (3.) lipoprotein metabolism, (4.) cholesterol metabolism, and
(5.) bile acid metabolism. • Short-chain fatty acids from the food
are released in the intestine by lipolysis and transported to the
liver. Beta-oxidation takes place in the mitochondria. In this pro-
cess, acetyl coenzyme A is produced, which is oxidized to form
CO2 via the citric acid cycle or used to form ketone bodies in carbo-
hydrate deficiency. After being resorbed in the enterocytes, long-
chain fatty acids from the food are again incorporated into the
triglycerides; they are passed on via the lymph to the periphery in
the form of chylomicrons or transported to the liver as chylo-
micron remnants. They may also be β-oxidized in the mito-
chondria. • In lipogenesis, carbohydrates are converted via acetyl-
coenzyme A, mainly on the cytoplasmic side of the endoplasmic
reticulum. Lipogenesis is predominantly controlled by the insulin-
glucagon quotient. • Lipoproteins are required in order to trans-
port water-insoluble lipids from the site of their synthesis to the
site where they are used or broken down. (s. p. 42)

In liver cirrhosis, there are several changes: reduction in
LCAT (with “cholesterol ester fall”), HDL and LDL as
well as in VLDL, with a corresponding change in their
distribution pattern; occurrence of hypertriglycerid-
aemia and atypical lipoproteins; reduction in phospho-
lipid synthesis (28), possibly with greatly impaired struc-
ture and function of the biomembranes. Hepatic
extraction of bile acids is reduced with the result that
they reach the peripheral circulation � even in the early
stages of cirrhosis! � and give rise to increased serum
values. Bile acids have cholestatic and cytotoxic effects.
When bile acid metabolism is markedly compromised,
enteral absorption of fat-soluble vitamins is impeded, so
that A, D, E and K hypovitaminoses may be observed.

9.5 Hypovitaminoses

The manifold relationships between the metabolic func-
tions of the liver and the vitamins fulfil vital tasks in
helping the organism to stay healthy. Nutrition low in
vitamins or age-related reduction in intestinal vitamin
resorption as well as chronic alcoholism may be respon-
sible for the development of hypovitaminosis. Standard
values of vitamins (including fat-soluble vitamins) in the
serum do not exclude a deficit. Deficiency is often rec-
ognized for the first time owing to the manifestation of
clinical symptoms, and now requires substitution. Sub-
stitution therapy may be recommended, even if no vita-
min deficiencies have become manifest at this stage. (s.
p. 47) (s. tab. 28.2!)

Deficiency of water-soluble vitamins is far less precarious
than a deficit of fat-soluble vitamins. While the first con-
dition is generally rare, it can nevertheless often be
observed in severe alcoholism. In liver cirrhosis, it was
possible to detect a reduced amount of vitamins B2, B6,
B12, C and niacin or pantothenic acid in the liver as well
as hypofunction of vitamins B1, B2, B6, C and folic acid.
Hypovitaminosis may develop due to the reduced forma-
tion of specific transport proteins or the decreased acti-
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vation or secretion of vitamins despite the sufficient
supply of water-soluble vitamins through food intake.

The fat-soluble vitamins D and K are activated in the
liver, and vitamin A is stored there. Their cellular effect
is displayed in the cytosol (vitamin K, and also E) or in
the nucleus (vitamins A, D). Transport to the target
organs is facilitated by specific carrier proteins (A, D)
or by VLDL (E, K). (s. p. 47)

Hypovitaminosis A

The vitamin A content of the liver and plasma as well as of the
retinol-binding protein (RBP) is reduced in cirrhosis. The de-
creased plasma value of zinc, particularly in existing portacaval
anastomoses, correlates with these findings. The symptoms
observed in hypovitaminosis A and zinc deficiency are largely the
same: night blindness, labyrinthine deafness and/or vertigo, dis-
turbed sense of taste and smell (25), skin changes. Such deficiency
symptoms in hypovitaminosis A should be treated primarily by
substituting zinc. Possible causes of vitamin A deficiency are (1.)
disturbed resorption, (2.) reduced formation of RBP in the endo-
plasmic reticulum, (3.) zinc deficiency, and (4.) increased break-
down of retinoids due to the enhanced activity of cytochrome P450.

Hypovitaminosis E

Vitamin E plays an important role in cell metabolism as an anti-
oxidant for the elimination of reactive oxygen intermediates. Sub-
sequent to intestinal resorption, vitamin E is transported in chylo-
microns into the liver, from where it reaches other organs together
with VLDL. • Vitamin E deficiency is observed in chronic liver
diseases caused by alcohol, Wilson’s disease, haemochromatosis
and abetalipoproteinaemia. In vitamin E deficiency, neurologic
disturbances (areflexia, dysbasia, ocular palsy, reduced perception
of vibration) occur; haemolysis can likewise be induced or become
more pronounced due to epoxide formation of unsaturated fatty
acids within the erythrocyte membranes.

Hypovitaminosis K

Vitamin K is necessary for the formation of coagulation factors
II, VII, X and XI as well as of proteins C, S and M; in addition, it
is indispensable for the production of osteocalcin, which stimulates
osteoblast activity. It is transported from the liver to the blood-
stream in the VLDL. • A deficiency is characterized by symptoms
similar to those observed in haemorrhagic diathesis. It can be
caused by intestinal resorption disturbance or loss of hepatocellu-
lar function (reduced carboxyl transfer to specific vitamin K-
dependent proteins).

Hypovitaminosis D

Some 20% of the daily vitamin D requirement are supplied by food
intake, while about 80% are produced via endogenous synthesis
through transformation of 7-dehydrocholesterol under the influ-
ence of ultraviolet light. Within the liver, D3 (� cholecalciferol) is
activated by 25-hydroxylation. It is excreted into the bile to become
part of an enterohepatic circulation. In liver cirrhosis, and particu-
larly in cholestasis, this circulation is impaired, so that vitamin D
metabolites are activated in larger amounts and excreted in the
faeces. The resulting clinical picture is usually a mixture of osteo-
porosis and osteomalacia.

9.6 Endocrine disorders
� Liver metabolism is controlled by hormones, and the plasma
values of numerous hormones are controlled by the liver. The
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essential interactions of steroid, effector and thyroid hormones
with the liver have already been discussed. (see chapter 3.9) (s.
tabs. 3.9�3.12)

Patients with liver cirrhosis often suffer from endocrine
disturbances, such as latent or even manifest diabetes
mellitus; in most cases, the plasma levels of the growth
hormone (STH) are increased; low-T3 syndrome (with
T4 in the normal range) is generally accompanied by
euthyroidism. Substitution therapy is not indicated in a
euthyroid metabolic condition. • Disturbed sexual func-
tion is particularly significant. In the so-called hepato-
testicular syndrome, gynaecomastia (s. fig. 4.10) is found
in about 50% and impotency or infertility in about 80%
of cases. Such disturbances (especially testicular atrophy,
which in some cases is a direct consequence of alcohol
abuse) are more frequent and more severe in cases of
haemochromatotic and alcoholic cirrhosis. Feminiza-
tion takes place. The analogous hepato-ovarian syn-
drome corresponds with an early onset of dysmenor-
rhoea or amenorrhoea and loss of libido. • The last two
syndromes can be subsumed under the term Silvestrini-
Corda syndrome (L. Corda, 1925). Findings include a
reduced breakdown of oestrogens and decreased test-
osterone synthesis or secretion.

9.7 Bacterial and viral infections

Bacterial infections can be detected in 45�50% of
patients with cirrhosis. Some 7% of fatalities in compen-
sated cirrhosis and 20% of fatalities in decompensated
cirrhosis are due to infections. The bacterial transloca-
tion to mesenteric lymph nodes is increased in relation
to the Child stage. • The following organic manifesta-
tions predominate: (1.) spontaneous bacterial peritonitis
in ascites, (2.) infections of the urogenital tract, and (3.)
infections of the bronchopulmonary system. Tuberculo-
sis (lungs, peritoneum, kidneys) as well as bacterial
meningitis (112, 132) must also be taken into account in
differential diagnosis. Diagnostic difficulties are often
due to a lack of fever or leucocytosis. • This weakness
of the endogenous immune system is also involved in
viral infections: in 63% of patients with cirrhosis, for
example, cytomegaly infection was observed prior to
liver transplantation, while the infection rate was only
2.5% in the control group. (31, 52, 102, 122)

Causes: The following causes are seen as being responsible for an
acquired immune deficiency syndrome in liver cirrhosis (B. A.
Runyon, 1995): (1.) hypofunction of the RES (a decrease in the
filter or clearance function and phagocytosis capacity as well as
reduced formation of immune modulators) (s. p. 65), (2.) reduction
in hepatic synthesis of opsonins (s. p. 66), (3.) compromised func-
tion of leucocytes, (4.) impaired proliferation and activation of T
lymphocytes, and (5.) increased mucosa permeability to bacteria.
Both bacteria and bacterial lipopolysaccharides enter the organism
in large numbers. They are responsible for increased serum levels
of the cytokines (e. g. interleukins 1 and 6, TNF, γ-interferon), and
there is increased production of these substances together with
their reduced breakdown in the cirrhotic liver. Cytokines are
formed in the monocytes of blood and in the mononuclear cells
of various organs (above all in ascites).
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9.8 Hepatic osteopathy

9.8.1 Definition

Osteoporosis is generally defined as an imbalance be-
tween the breakdown and neoformation of osseous
substance, resulting in bone loss. Ostalgia is evident,
and in the later stages, fractures of the vertebral
bodies, femoral neck and antebrachial bones are
observed.

In osteomalacia, the bone matrix is quantitatively and
qualitatively normal, while the bones show a reduced
content of minerals. There is ostalgia and muscle
weakness as well as arcuation of the long tubular
bones. X-ray imaging shows band-shaped zones of
decalcification, usually in symmetrical arrangement,
particularly at the ribs, femoral neck and pelvis (so-
called Looser-Milkman’s syndrome).

The term hepatic osteopathy (J.E. Compston, 1986) de-
scribes skeletal changes in chronic liver diseases,
including osteoporosis, which is by far the most
prevalent form, and osteomalacia, which is detected
very rarely, as well as their respective mixed forms.

9.8.2 Frequency

In cirrhosis, reduced bone density of the vertebral bodies
could be observed in 16% and of the antebrachial bones
in 23% of patients (compared to 7% and 5% respectively,
in the control group). Fractures of the vertebral bodies
were detected in 16% and of the antebrachial bones in
21% of cases (compared to 8% and 8% respectively, in the
control group). Hepatic osteopathy usually occurs inde-
pendently of the cause and type of the chronic liver dis-
ease. However, alcoholism, haemochromatosis and Wil-
son’s disease result in osteoblastic hypofunction, so that
osteopathy is more likely to occur in these patients, even
prior to the development of cirrhosis. The occurrence of
osteopathy is closely correlated with the severity of the
liver disease and with hypogonadism. In liver cirrhosis,
the prevalence of osteopenia is about 30%. (49, 73)

9.8.3 Pathogenesis

The pathogenesis of hepatic osteopathy is primarily
characterized by disturbed bone formation due to (1.)
reduced osteoblast surface (with the number of osteo-
blasts being in the normal range) and (2.) reduction in
osteocalcin. The latter substance is a bone-matrix pro-
tein formed by the osteoblasts. Therefore, the serum
value is considered to be a marker of osteogenesis.
There is no increase in osteoclasis. The causes and risk
factors of disturbed bone metabolism are manifold and
not totally understood as yet. (73)

To date, we do not know what kind of changes in vitamin D metab-
olism or in the binding proteins may be (partially) responsible for
these disturbances. Moreover, there are no reliable findings as to
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the role of parathyroid hormone and calcitonin in the development
of hepatic osteopathy; this is also true for gastrocalcin, which (like
calcitonin) makes the serum level of calcium decrease. Reduced
enteral resorption of calcium is only observed in severe cholestasis,
which causes no osteopathy however. While a deficiency of vitamin
D can have pathogenetic effects, it does not in itself lead to osteo-
pathy. An increased value of D3 may be a predictor of a developing
osteopathy. In addition, there is a correlation between the serum
values of gastrin and osteopathy � but nothing else is known
about this. • The intake of antiepileptics over a longer period of
time triggers an induction of the cytochrome P 450 system, so that
vitamin D is increasingly broken down, a loss which can, however,
be substituted. • Glucocorticoids cause a reduction in enteral
calcium resorption and the serum level of oestrogen; they are also
responsible for calciuria and impeded osteoblast activity. These
factors lead to a decrease in bone density and create what is called
the cortisone effect. • By contrast, cyclosporine increases osteo-
blast activity.

9.8.4 Clinical symptoms

Hepatic osteopathy remains latent for a long time. Back-
ache is considered to be the earliest hint of this type of
complicative development in cirrhosis. The further
course is characterized by trabecular osteopenia with
loss of the cancellous bone structure. This causes com-
pression fractures of the vertebral bodies with increasing
kyphosis and a corresponding decrease in body height.
Further sites susceptible to fractures are the femoral
neck and the antebrachial bones. • Osteopathy does not
yield any biochemical findings: the serum values of
calcium, phosphate, parathyroid hormone, 25-hydroxy-
cholecalciferol, osteocalcin and alkaline phosphatase
are within the normal range. • Osteoporosis cannot be
detected by X-ray imaging until the late stages. CT scan-
ning allows density measurement of the skeleton. New
radiological techniques (e. g. dual energy X-ray absorp-
tion) may provide an earlier diagnosis in the future.

Osteomalacia, a very rare manifest form of hepatic
osteopathy, causes pain mainly in the muscles, but less
so in the bones. Biochemically, AP is markedly
increased; there is a deficiency of calcium, phosphate
and 25-hydroxycholecalciferol. Radiologic diagnosis
shows signs of Looser-Milkman’s syndrome: coarsening
of cancellous bone structure, narrowing of the compacta
in the tubular bones, reduced density of the skeletal sys-
tem, and band-shaped zones of decalcification.

9.8.5 Treatment

The most important prophylactic measures for prevent-
ing the development of hepatic osteopathy are (1.)
avoidance of harmful noxae (alcohol, nicotine), (2.)
avoidance of risk factors (e. g. overweight; calcium, phos-
phate or vitamin D deficiency; use of glucocorticoids,
cholestyramine and antacids containing aluminium),
(3.) administration of vitamin K2 (menatetrenone) in
women with risk factors, and (4.) routine physical exer-
cise. (s. p. 650) We have instructed our chronic liver
patients to carry out the following exercises on a regu-
lar basis:
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Two or three times per day, 10�15 slow knee-bending
(� thigh muscles), 10�15 standing on tiptoe (� calf
muscles), 10�15 upper arm flexing (� biceps), and
10�15 bending from the waist (� back muscles).
This guarantees that about 60% of the musculature is
trained under simple conditions at home.

The drug therapy used to date aims to achieve broad
substitution. Therapy should be carried out for up to 24
months. • (1.) The daily calcium requirement is about
1.2�1.6 g. Nutrition usually contains about 0.6 g, so
that 3 x 200 mg to 3 x 300 mg per day should be substi-
tuted (e. g. in the form of calcium carbonate). • (2.) In
order to avoid hypogonadism, we recommend a daily
administration of conjugated oestrogens (e. g. 2 mg,
twice a week, applied dermally to avoid passage through
the liver), possibly combined with gestagens. The daily
requirement of oestrogen is about 0.6 mg. In men, the
administration of testosterone may be indicated. • (3.)
Vitamin D is only indicated when hypovitaminosis has
been detected (e. g. as cholecalciferol, 1α- or 25-hydro-
xylated derivatives, or 1,25 dihydroxylated derivatives).
These substances should only be applied as substitution
therapy when there is a corresponding deficiency. • (4.)
In individual cases, calcitonin (as nasal spray) and
biphosphonates are further options. • In the osteo-
malacic form of osteopathy, treatment with calcium and
vitamin D or its derivatives may be required. However,
the serum value of calcium must not be allowed to
exceed 11.0�11.5 mg/dl.

9.9 Hepatic encephalopathy

Disturbances of personality, consciousness and intellec-
tual functions are often observed in acute or chronic
liver diseases. In 50�80% of cirrhosis patients, such
neuropsychiatric signs of HE are found with varying
intensity and duration (even with variable, symptom-
free intervals) as well as in different combinations. (s.
tab. 10.1) While it is relatively easy to diagnose manifest
HE (stages I�IV) (s. tab. 15.5), other potential causes
of this clinical picture have to be excluded by differential
diagnosis in each individual case (e. g. intracerebral
bleeding, infections, metabolic imbalance, cerebral dis-
eases). There is a close correlation between liver func-
tion and severity of HE � and thus also with life qual-
ity. (11) Diagnosis of latent HE (stages 0, 0�I) can only
be made with the help of psychometric test procedures
(8) or special EEG techniques. Nuclear resonance
imaging and SPECT (172) have been used in scientific
studies. (see chapter 10!)

Numerous biochemical factors may be causal agents in HE. It may
also be attributable to an increase in serum ammonia resulting
from Helicobacter pylori. (s. tab. 15.2) Avoidance of causative
factors is the most important measure for the prevention of HE
and their elimination a prerequisite for successful treatment. (s.
p. 281)
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The pathogenesis is multifactorial. In cirrhotic patients with latent
HE, regional differences in cerebral ammonia uptake are present;
this corresponds to histopathological changes in HE. Although
increased ammonia values have a primary pathogenetic signifi-
cance, other neurotoxins, neurotransmitter disturbances, amino-
acid imbalances, high levels of benzodiazepines, zinc deficiency,
increased manganese concentration, etc. also figure prominently.
With the help of spin-lattice (T1) relaxation time, significant corre-
lation has been demonstrated between HE severity and the puta-
tive deposition of manganese in the globus pallidus, caudate
nucleus and posterior limb of the internal capsule. (165) • Values
of enterocyte phosphate-activated glutaminase are increased in cir-
rhosis and correlate closely with latent HE (stages 0, 0�I). H.
pylori infection is not correlated with HE. (164) • None of these
substances or disturbances on its own has a comagenic effect. It is
probable that the astrocytes are the pathogenetic end point upon
which the cascade of causes has its impact. (s. pp 265�269!)

The clinical picture comprises both acute and chronic
HE. In addition, routine usage of a simple test pro-
gramme used for practical as well as clinical purposes
(s. p. 202) (s. tab. 10.7) has repeatedly shown “acute-on-
chronic” stages during long-term monitoring. Starting
with the normal finding of “no HE”, the stages may be
grouped, depending on their individual variability, as 0,
0�I (� latent HE) and I, I�II, II (� manifest HE).
Furthermore, there is a link between extrapyramidal
signs and the latent HE. Due to the fact that HE can
be detected quite reliably at an early stage during its
latent period, therapeutic measures are also recom-
mended in addition to the elimination of the causal
factors. (s. pp 270�277)

Treatment is based on (1.) elimination of the causal
factor(s) (s. tabs. 15.1, 15.2) and (2.) reduction or nor-
malization of the ammonia level (s. p. 266). The latter
consists of: intestinal detoxification using lactulose (47,
98, 119) paramomycin, neomycin or metronidazole; pro-
tein restriction (0�30 g for the first to third day, grad-
ually increased up to 1 g/kg BW/day) (despite some con-
troversial results); sufficient calorie intake (glucose),
application of urea cycle intermediates (145), administra-
tion of zinc (104, 196) and, if necessary, of branched-chain
amino acids and flumazenil. Elimination of gastric infec-
tion due to Helicobacter pylori has proved to be an
effective treatment measure for normalizing hyperam-
monaemia (caused by this condition). A decrease in
ammonia can also be achieved by acetohydroxamic acid,
which is a powerful inhibitor of bacterial ureases of Hel-
icobacter pylori. (164) Animal experiments have demon-
strated that N-carbamoyl-L-glutamate plus L-arginine
protects rats with cirrhosis from acute ammonia intoxi-
cation. Experience has shown that the very frequent
occurrence of latent HE (stages 0, 0�I) can largely be
avoided by careful prophylactic measures and that early
treatment almost always helps to prevent the latent
phase from developing into a manifest one (stages
I�IV), i. e. there is no necessity for inpatient treatment!
(see chapter 15.9!)
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9.10 Ascites

Impairment of cerebral functions and disturbances of
the water and electrolyte balance are the two most
important and most common manifestations of
decompensated liver cirrhosis. • They may be reliably
detected at an early stage by means of daily body
weight control and simple psychometric tests. A docu-
mentation sheet filled in by the patient has proved to
be worthwhile: latent oedemas or the onset of ascites
as well as latent encephalopathy can be detected in
this way and thus treated at an early stage. Long-
term standing leads to a reduction of natriuresis with
subsequent water retention and a deterioration of
renal blood flow (like a vicious circle). This is caused
by activation of the RAAS and the sympathetic ner-
vous system. Such a dangerous situation (which can
arise for example after two hours of standing at a
sports event with excessive emotional participation) is
often underrated, as we ourselves observed in several
patients! (s. p. 292) (s. fig. 15.3) (see chapter 16!)

About 50% of patients with cirrhosis develop ascites
within ten years. In the case of a “simple” ascites (s. tab.
16.8), a therapy with diuretics is generally successful �
in contrast to a “problematic” or refractory ascites.

The development of ascites causes numerous complications which
worsen the prognosis of cirrhosis considerably. (s. tab. 16.9) • Every
day, 40�80% of the ascitic fluid and 4% of the ascitic albumin are
exchanged between the plasma and the ascites. In the absence of
oedema, 400�500 ml (max. 750 ml) ascitic fluid can be removed
from the abdominal cavity by means of diet and medication. (s. p.
306) • Side effects caused by diuretic agents (hypovolaemia, hypo-
natraemia, hypokalaemia, disturbances of the acid-base balance)
must be avoided. (s. p. 308) • The occurrence of spontaneous bac-
terial peritonitis is life-threatening. The prognosis could be mark-
edly improved by early diagnosis, elimination of risk factors and
efficient antibiotic treatment (e.g. amoxicillin-clavulanic acid)
accompanied by simultaneous intestinal decontamination. (s. p.
304)

A step-by-step plan has proved effective for the treat-
ment of ascites, with therapeutic steps 1�4 being
employed successively if the previous stage was unsuc-
cessful. However, progressing from step to step not only
increases the effectiveness of the treatment, but also the
frequency and severity of side effects. Nevertheless, a
single paracentesis, during which an average of 5 litres
of ascitic fluid were evacuated, resulted in normal
cardiac, renal and hormonal parameters within 2 days.
Paracentesis is considered to be a safe and efficient
method. (135) (see chapter 16.8)

1. Basic therapy (s. tab. 16.11) (s. p. 305)
2. Diuretic therapy (s. tab. 16.12) (s. p. 306)
3. Osmotic diuresis (s. p. 308)
4. Paracentesis (s. p. 309)

• Furosemide can cause hypovolaemia due to its rapid effect with
subsequent unfavourable activation of the RAAS, especially after
i.v. injection. Nevertheless, i.v. furosemide may be indicated in
dilutional hyponatriaemia (s. p. 308). Generally, however, spirono-
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lactone on its own has proved more effective than in combination
with (RAAS-activating?) furosemide. (155) We actually prefer a
combination of spironolactone with xipamide, torasemide or cloni-
dine. (s. p. 307)

• Paracentesis should be combined with an i.v. solution of albumin
(our own experience has shown that an i.v. solution of 20�40 ml
plasma expander directly before i.v. albumin administration
increases the oncotic pressure, so that albumin remains efficacious
for a longer time in the blood circulation). • Apparently, 3 mg
terlipressin is as effective as i.v. albumin in preventing a decrease
in effective arterial blood volume. (s. p. 309)

• Hydroxyethyl starch (HES) in repeated administration may be
the cause of increased portal hypertension; liver insufficiency or
sepsis can occur due to lysosomal storage of HES in Kupffer cells
and hepatocytes.

• Losartan is a highly selective angiotensin-2-receptor (type 1)
antagonist; it decreases portal hypertension as well as improving
glomerular filtration and natriuresis with good aquaretic response.
(200) (s. p. 360)

When diuretics are administered at the same time, it is not abso-
lutely necessary to adhere to strict salt restriction. We followed the
recommended 6�8 g/day. Indeed, such a moderate restriction is
usually observed more reliably by the patient. • Reducing water
intake to 1.5�2.0 l/day is also sufficient. Only a hyponatraemic
condition of <130 mmol/l requires a reduction in fluid intake to
<1,000 ml/day. • Determination of fractional sodium elimination
(FENa) may point to potential success even before treatment has
begun: with a value of >0.5%, treatment steps 1 and 2 (see above)
will achieve a probable success rate of about 95%. This favourable
initial situation is supported by a still sufficient spontaneous
sodium excretion of >40 mmol/day. Therapy resistance must be
anticipated when fractional sodium elimination is <0.1% and
sodium excretion is <10 mmol/day. • If treatment steps 1�4 are
unsuccessful or renal function is clearly impaired initially and
FENa is <0.1%, the insertion of a peritovenous shunt (PVS) should
be considered. This procedure is designed to make use of the prin-
ciple of ascites reinfusion for as long as possible. (s. tabs.
16.14�16.18) (s. p. 311) • TIPS may also prove to be an alternative
to PVS, especially when using a polytetrafluoroethylene-covered
stent to prevent occlusion. (111) (s. fig. 16.15) (s. pp 259, 314, 362)

Chronic hepatitis C is occasionally associated with cryo-
globulinaemia and glomerulonephritis. • In all forms of
cirrhosis, the intrarenal circulation is impaired and there
is a redistribution of blood flow away from the cortex.
A thickening of the mesangial stalk and capillary wall
(� cirrhotic glomerular sclerosis) is often evident. These
changes predispose to the hepatorenal syndrome. • The
occurrence of (particularly iatrogenic) hepatorenal syn-
drome with the following findings must be prevented.
(35, 95, 111, 118) (see chapter 17!):

Creatinine clearance < 40 ml/min
Proteinuria < 500 mg/day
Natriuresis < 10 mmol/l
Hyponatraemia < 130 mmol/l
Oliguria < 500 ml/day

9.11 Pleuropulmonary complications

� In the course of primary liver diseases as well as dur-
ing any requisite invasive measures, numerous pleuro-
pulmonary disturbances or diseases may occur due to
functional and/or mechanical conditions. They are
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closely associated with each other. Pleuropulmonary
complications can have considerable adverse effects on
the basic liver disease and thus worsen its prognosis. (3,
5, 71, 72, 159, 160) (s. tab. 35.7)

Pleuropulmonary complications Liver disease

1. Hepatopulmonary syndrome Liver cirrhosis
(HPS) Chronic hepatitis

Acute liver failure

2. Portopulmonary Liver cirrhosis
hypertension (PPH) Chronic hepatitis

Schistosomiasis
Alagille’s syndrome
Hypoplastic portal vein
Multifoc. nod. hyperplasia

3. Pleural effusions Liver cirrhosis
Chronic hepatitis
Acute viral hepatitis
After liver transplantation
Echinococcosis
Liver abscess
After sclerotherapy of
oesophageal varices

4. Pulmonary emphysema α1-antitrypsin deficiency

5. Chronic obstructive α1-antitrypsin deficiency
respiratory disease Mucoviscidosis

Sarcoidosis

6. Interstitial pneumonia Autoimmune hepatitis
Overlap syndrome
PBC
Sarcoidosis

Tab. 35.7: Common associations of pleuropulmonary complica-
tions in the course of certain liver diseases

Primary pulmonary diseases (e. g. primary pulmonary
hypertension, pulmonary fibrosis, chronic obstructive
respiratory diseases) cause chronic hepatic congestion
due to chronic pulmonary heart disease, possibly lead-
ing to insufficiency. • Hypoxaemia as a result of acute
or chronic respiratory insufficiency can impair meta-
bolic liver functions considerably. In 40�70% of
patients with cirrhosis, hypoxaemia can be found; in
about 50% of cases with advanced cirrhosis, a reduced
diffusion capacity for CO is detectable. • Furthermore,
pulmonary tissue contains a high level of glutamine syn-
thetase, so that ammonia detoxification is possible (ulti-
mately by perivenous hepatocytes) before the blood
reaches the systemic circulation. In existing pulmonary
diseases, localized ammonia detoxification is impaired.

9.11.1 Hepatopulmonary syndrome

The hepatopulmonary syndrome (HPS) may occur in
patients with chronic liver disease or in the course of
acute hepatic failure. It is characterized by the following
criteria: (1.) exclusion of an underlying pulmonary or
cardiac disease, (2.) increase in the alveolocapillary oxy-
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gen difference with or without arterial hypoxaemia (<70
mm Hg O2 partial pressure) and with a marked decrease
in the O2 value when the body position is changed from
lying to standing, and (3.) evidence of intrapulmonary
vascular dilatations and arteriovenous shunts, resulting
in ventilation-perfusion disturbance. • The frequency of
this pulmonary gas exchange disturbance is 30�50% in
cirrhosis patients. The most important clinical finding
concerning HPS is hypoxaemia. Hypocapnia is also a
very frequent symptom and is generally associated with
pulmonary vasodilation. (2) • Hypertrophic osteoarthro-
pathy (hour-glass nails, drumstick fingers) (s. fig. 4.18)
likewise belongs to this complex in terms of aetiopatho-
genesis. (see chapter 18!)

9.11.2 Portopulmonary hypertension

Definition

Portopulmonary hypertension (PPH) is characterized
by (1.) elevated pulmonary artery pressure (> 25 mm
Hg), (2.) increased pulmonary vascular resistance
(> 120 dyne/sec/cm5), and (3.) normal pulmonary
capillary wedge pressure (< 15 mm Hg). • The pres-
ence of portal hypertension is considered to be a pre-
requisite for the development of PPH.

Frequency and causes

PPH was detected in 2% of patients with liver cirrhosis,
compared to 0.1% in the control group, i. e. the risk of
PPH is 20 times higher in cirrhosis patients. The preva-
lence of PPH in liver cirrhosis with portal hypertension
was 0.73% in autopsy examinations, compared to 0.13%
in all other autopsies. • PPH has not only been

Fig. 35.15: Potential patho-
genetic mechanisms associated
with the coexistence of portal
and pulmonary hypertension
(based on B.J. Robalino et al., 1991
and M. Wettstein et al., 1995)
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described in portal hypertension due to liver disease
(cirrhosis, chronic hepatitis, fibrosis, etc.), but also (with
or without portal hypertension) in focal nodular hyper-
plasia, schistosomiasis, Alagille’s syndrome and portal
vein thrombosis. Important extrahepatic causes of PPH
include portal hypertension due to hypoplasia of the por-
tal vein and lupus erythematosus. (66, 118, 148) (see chap-
ter 18.7!) (s. tab. 35.7) (s. fig. 35.15)

Morphology and pathogenesis

Morphology: In PPH, there is evidence of medial hyper-
trophy in the area of the pulmonary arteries and arteri-
oles, intima fibrosis (so-called plexogenic arteriopathy)
and fresh or recanalized thrombi. These changes are
unevenly spread throughout the lung; they do not corre-
late with the severity of PPH. Plexiform damage of the
small (50�300 µm) pulmonary arterial vessels is preva-
lent in patients who are also suffering from portal
hypertension (J.R. Ruttner et al., 1980).

Pathogenesis: The mechanism responsible is based on the effect of
vasoactive or toxic substances arriving directly at the pulmonary
vascular system from the portal vein system by circumventing the
liver (e.g. NO). Thus pulmonary hypertension is also detected sur-
prisingly often in patients with shunt surgery. Endothelin-1 is con-
sidered to be a strong vasoconstrictor; this substance has been
detected in high concentrations in the pulmonary vascular endo-
thelia of PPH patients. In addition, microembolisms entering the
pulmonary arterioles may also play a pathogenetic role; such
emboli can reach the lungs via spontaneous or surgical portosys-
temic shunts (R. M. Senior et al., 1968). A similar mechanism may
be responsible for this condition in drug addicts suffering from
PPH who have developed pulmonary microembolisms due to
water-insoluble drug components injected intravenously. (s. fig.
35.15) (see chapter 18.7!)

Complaints: In 80�85% of patients with PPH, there is
stress dyspnoea and occasional syncopes, thoracic pain
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on palpation with a feeling of tightness, marked fatigu-
ability, lack of concentration and vertigo.

Findings: In 80�85% of cases, a loud P2 heart sound
and systolic murmur can be heard on auscultation.
Occasionally, there is haemoptysis or oedema; ascites is
rare. • The ECG shows the signs of right ventricular
overload (e. g. right bundle-branch block, P pulmonale).
Thoracic imaging often displays prominent pulmonary
arteries and cardiac hypertrophy. Echocardiography is of
great diagnostic value. The diagnosis is confirmed by
right cardiac catheterization.

Prognosis for PPH is poor: the mean survival time is
about 15 months with a 6-month mortality of 50%. The
most common causes of death are right heart failure,
dysrhythmia and infections.

Treatment still remains difficult, because few clinical studies are
available. High doses of calcium antagonists are recommended, but
their frequent side effects have to be taken into account, particu-
larly with a cardiac output of <2 l/min. (146) In severe cases, pul-
monary pressure reduction by permanent infusion of epoprostenol
over several weeks or long-term administration of oxygen may be
helpful. Good experience has been made with the endothelin-
receptor antagonist bosentan (2 x 125 mg / day). (36) (s. p. 338!)

On retrospective assessment of a large number of cirrhotic patients,
some of whom we treated for more than 10 years, it is our impres-
sion that long-term administration of spironolactone � molsido-
mine � β-blocker is of therapeutic value for portal hypertension
and, at least as far as this problem is concerned, also for primary
and progressive pulmonary hypertension. Such combination ther-
apy is also pharmacologically plausible. (s. p 743)

9.11.3 Hydrothorax

Hepatic hydrothorax (� absence of a non-hepatic cause)
has been detected in 4�10% of patients suffering from
liver cirrhosis. Two thirds of the pleural effusions were
isolated and localized on the right side, whereas the
remaining one third were found on the left side or on
both sides with equal frequency. Ascites is present in
almost all cases, but is not obligate. (37, 53, 63, 67, 99, 149)
Hydrothorax is usually caused by small diaphragmatic
defects through which ascitic fluid can penetrate into
the pleural cavity (37); diaphragmatic lymphatic vessels
may also play a causal role. An ascites-related pleural
effusion can be confirmed by intraperitoneal injection
of methylene blue or 99mTc-sulphur colloid due to the
subsequent, rapid migration of the substrate into the
hydrothorax. Bacterial infection, similar to spontaneous
bacterial peritonitis, is possible. • Hydrothorax is some-
times observed in acute viral hepatitis. The frequency is
0.16%. We have encountered a total of 6 cases. (s. pp
298, 299) (s. tab. 35.7) (s. fig. 16.8)

Therapy includes paracentesis � thoracocentesis � i.v.
albumin solution, pleural drainage or pleurodesis with
talc. Recently, pleurodesis using argon beam coagula-
tion � minocycline hydrochloride has been recom-
mended. In the case of refractory hepatic hydrothorax,
TIPS or liver transplantation may be indicated. (53)
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� An evaluation of 25,682 clinical data sheets from
1952�1963 (Dept. of Internal Medicine, University
Hospital, Giessen) revealed the existence of a total of
pleural effusions (combination of “banal” effusion
and hydrothorax) in 9.8% of cases (confirmed by X-
ray imaging or autopsies). In 4.3%, pleural effusion
was found to be hepatogenous. • Localization was
bilateral in 69%, left-sided in 18.7%, and right-sided in
12.3% � a controversial result when compared with
some statements made in the literature. (s. p. 298 and
footnote*))

9.12 Gastrointestinal bleeding

Acute upper or lower gastrointestinal bleeding is a com-
mon complication in liver cirrhosis and is often life-
threatening. Several bleeding sources have to be taken
into account, which may occur in combination in the
individual case. (see chapters 19.2�19.4!)

1. Gastric antral vascular ectasia (GAVE)
2. Portal hypertensive gastroenteropathy
3. Oesophageal and/or fundus varices
4. Ectopic varices
5. Anorectal varices

Peptic ulcer is not cirrhosis-related. Duodenal ulcers are more
common than gastric ulcers. Frequency of peptic ulceration in cir-
rhotic patients is about 8�10%, although 60�70% of these cases
are asymptomatic. Gastric ulcers heal more slowly and recur more
frequently than in non-cirrhotic patients. (55) This condition may
be caused by chronic alcohol abuse, portal hypertension or Helico-
bacter pylori infection (40�50%, with elevated gastrin in the
serum). (134, 205) • Mallory-Weiss syndrome is often associated
with cirrhosis, but there is in fact no causal relationship between
the two. • Gastroparesis with delayed gastric emptying is frequently
observed. (190)

9.12.1 Portal hypertensive gastroenteropathy

Altered vascular microarchitecture with dilatation and/
or narrowing of the capillaries and veins develops as
a result of portal hypertension. Gastroscopy reveals a
whitish-reticular, mosaic-like pattern of the gastric
mucosa, containing limited reddish and oedematous
areas. Frequently, there are pink spots and circum-
scribed red marks. In severe cases, dark pink patches are
present. There are lesions of the endothelial cells with
increased permeability of the capillaries, so that pete-
chial or striated bleeding is observed in gastric (175) and/
or intestinal mucosa (as well as in portal colopathy). (21,
158) These frequent changes due to portal hypertensive
gastropathy were previously (but incorrectly) called
“erosive gastritis”. They may cause gastric or intestinal
paraesthesia or pain, but can also (less frequently) lead
to occult bleeding or haematemesis. It is possible to
achieve good results with the help of β-blockers. •
Regarding the differential diagnosis, it is important to
consider angiodysplasia (s. fig. 19.5) and gastric antral
vascular ectasia. The latter resembles a watermelon with
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stripe-like haemorrhages. In the case of bleeding, endo-
scopic coagulation may be required. (s. tab. 19.4) (s. fig.
14.14) (s. pp 351, 352) (41, 64, 130, 133, 141)

9.12.2 Oesophagofundal varices

Acute bleeding must be anticipated in about 30% of
patients with oesophagogastric varicosis and a pressure
rise to >12 mm Hg. Physical overexertion can increase
the portal vein pressure to dangerous levels. (18)
Haemorrhaging mainly occurs in the lower third of the
oesophagus and in the oesophagogastric transition
zone, mostly due to venous anastomoses in the mucosa.
Patients with small varices have a correspondingly lower
bleeding risk. (s. figs. 14.8�14.10!) (see chapter 19.3) •
There is a close association between liver function and
relapse bleeding rate or mortality. Thus, all measures
designed to improve liver function are beneficial, even
though they are polypragmatic and perhaps of limited
success only. • Primary prophylaxis is indicated in
patients with an increased bleeding risk (s. tab. 19.6);
the portal vein pressure should be reduced by means of
long-term pharmacological treatment. (69) In this
context, the following drugs can be recommended: pro-
pranolol (occasionally in combination with nitrate (58)
or octreotide), nadolol (110), carvedilol (183), irbesartan
(42), molsidomine and spironolactone. (s. pp 259, 359)
Primary prophylaxis using ligation (161) or sclerotherapy
(125) ought to be started when small oesophageal varices
are present. Primary shunt surgery is not indicated. •
Mortality due to initial bleeding is 20�50%. The goal
must be rapid and complete haemostasis. In principle,
sclerotherapy and ligature are equally effective; the
results depend upon the site of bleeding and the nature
of the varices as well as upon the clinician’s experience.
(s. pp 355, 358) A balloon tamponade may be a valuable
tool in guaranteeing the patient’s transportability, bridg-
ing massive bleeding or coping with an emergency. (s.
p. 358) A reduction in portal pressure by previous (!)
administration of medicaments (18, 58, 74, 115, 151, 161)
(e. g. terlipressin bolus 1�2 mg and then 1�2 mg every
4�6 hr; octreotide bolus 50 µg, 25�50 µg/hr; proprano-
lol 2 x 10�160 mg/day; molsidomine 2 x 8 mg/day) is
most helpful. (s. pp 360, 863) • About 70% of patients
whose initial bleeding was successfully dealt with suffer
another haemorrhage within the first year. Relapse pro-
phylaxis is effected pharmaceutically in order to reduce
the portal vein pressure (18, 113, 115), by careful monitor-
ing using (long-term) endoscopy and by eradicating any
new varices. The insertion of TIPS reduces the rate of
recurrent bleedings considerably and may help to bridge
the time gap until liver transplantation can be carried
out. (26, 156, 188) (s. pp 362, 665)

9.12.3 Ectopic varices

Ectopic intestinal varices usually occur in combination with oeso-
phagogastric varices. If gastroscopy shows no bleeding source,
(rare) bleeding from ectopic intestinal varices should be suspected.
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Diagnosis is established by scintigraphy (accuracy is 90�95%). For
more exact localization of bleeding detected by scintigraphy, angio-
graphy is subsequently used. In this context, CT angiography also
provides much better diagnostic results. • This is also true of the
(very rare) ectopic peritoneal varices, which can cause intra-abdom-
inal haemorrhage. (s. p. 257)

9.12.4 Anorectal varices

Anorectal varices originate from the superior rectal vein, which is
connected to the portal vein system. This portacaval anastomosis
drains the blood into the iliac vein. Occasionally, massive bleeding
may occur from rectal varices. Endoscopy is required for diagnosis
and sclerotherapy. (70) (s. p. 256)

9.13 Febrile phases of disease

Patients suffering from cirrhosis very often report fever
episodes, similar to those witnessed in inpatients. Such
episodes not only cause additional physical weakness
and increase suffering, they also present a considerable
danger for the cirrhotic patient. Among other things,
fever causes (1.) catabolic metabolism, (2.) increased
sympatheticotonia, (3.) disturbed water and salt balance
(some 500 ml liquid and about 25 mmol salts are lost in
24 hours per degree of temperature rise!), and (4.) hyp-
oxia of the hepatocytes. • This may cause or contribute
to hepatic encephalopathy, portal ascites or hyperdy-
namic circulatory disturbance, with significant negative
effects on renal function and hypoxia-induced metabolic
liver insufficiency. The frequency of “cirrhosis-related
fever” is 20%.

Patients with cirrhosis often suffer from bacterial infections. (s. p.
731) In most cases, the respiratory tract and urogenital system are
affected. Interleukin 6 may often increase in decompensated cir-
rhosis. Directed bacteriological diagnosis is required immediately;
depending on the case, administration of antibiotics is recom-
mended even before any evidence of bacteria has been obtained.
(31)

Viral infection may likewise cause fever in cirrhosis. Even a mild
viral infection can trigger viral hepatitis concomitant with underly-
ing cirrhosis as well as producing a virotoxic effect with the risk
of decompensation � in addition, the “fever” is in itself respon-
sible for typical biochemical reactions in this condition.

Endotoxins are a further cause of fever episodes, particularly from
gram-negative bacteria. The spill-over effect (prehepatically via
portacaval anastomoses, the lymphatic system or mastocytes, as
well as intrahepatically in RES insufficiency) leads to endotoxin-
aemia, which is responsible for numerous, sometimes dangerous,
biochemical reactions, such as hepatic encephalopathy and the
activation of the coagulation cascade. • Long-term administration
of lactulose can suppress a gram-negative intestinal flora and thus
prevent the onset of endotoxaemia.

Protein degradation products may also trigger a febrile episode;
aetiological differentiation of the fever caused by such metabolic
products is usually impossible. There are no effective therapeutic
measures. Differential diagnosis of “fever of unexplained origin”
(R. G. Petersdorf et al., 1961) can be very difficult in cirrhosis, a
situation which presents an additional risk to the patient. • In
unexplained fever, laparoscopy is indicated. (s. tab. 7.10) (s. p. 156)
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The degradation products of androgenous steroids are a further
suspected cause of such febrile episodes, since severe fever could
be induced by i.m. injection of aetiocholanolone (3α-hydroxy-
5β-H-androstane-17-on) (A. Kappas et al., 1957). In 1958 P. K.
Bondy et al. for the first time detected an increase in aetiochola-
nolone in the plasma of patients with unexplained fever epi-
sodes, and thus they coined the term aetiocholanolone fever.
Other steroids of the 5β-H configuration also revealed this
pyrogenic feature. Aetiocholanolone may be the product of dis-
turbed hepatocellular metabolism. Further observations and
examinations have meanwhile been reported. (51, 136)

� We detected markedly increased aetiocholanolone
plasma values in numerous patients with liver cirrhosis
and sudden febrile episodes � however, we could not
show a direct correlation. • In 1966 F. Schilling reported
that aetiocholanolone fever could be cured by admin-
istration of indometacin. We were able to confirm this
result (which had also been reported by M. Vlaho et al. in
1976) in those patients who had received indometacin as a
suppository. Indeed, we made use of this effect as dif-
ferential therapy, but did not seek the underlying causes
of a febrile episode unless the rectal administration of
indometacin had been unsuccessful after 1�3 hours.
Glucocorticoids, even when administered in a higher
dosage, mostly proved ineffective, whereas a subsequent
dose of indometacin caused the fever to subside within
a very short time. While these may be clinical observa-
tions, they are remarkable enough to be reported. We
suggest administering indometacin prior to any treat-
ment with antibiotics. To our knowledge, renal insuffi-
ciency, as is known in cirrhosis (198), has not been
observed following this single dose of indometacin.

9.14 Cholelithiasis

Cholelithiasis is found 4�5 times more often in patients
with liver cirrhosis than in healthy persons. Follow-ups
showed the development of cholelithiasis in 11.5% or
23.3% (�59%) of cases with women being mainly af-
fected (s � 15�20%, t 30�35%). In stages Child B and
C, frequency is 35�45%. In more than 80% of cases,
asymptomatic cholelithiasis is observed. (1, 6, 39, 44, 54)
Predominantly brownish-black bilirubin concrements
(� calcium bilirubinate) are detectable. (s. figs. 35.16,
35.17) The duration and degree of severity of cirrhosis
as well as prior alcohol abuse are thought to be impor-
tant risk factors. Cholelithiasis has no influence on sur-
vival in cirrhosis. Surgical intervention poses a high risk
and is therefore only indicated in life-threatening situa-
tions. • The cause is believed to be reduced contractility
of the gall bladder in cirrhosis with disturbed emptying.
(This can be checked with 99mTc-mebrofenin.) Hyper-
splenism, which is responsible for increased haemolysis
and a reduction in UPD glucuronyltransferase activity
in the liver, is assumed to be a further cause of this close
association between cirrhosis and cholelithiasis. Hepatic
secretion of unconjugated bilirubin is twice as high as

738

Fig. 35.16: Cholelithiasis in liver cirrhosis: pigment calculi

Fig. 35.17: Pigment calculus in liver cirrhosis, grid microscopy dis-
playing characteristic plate-like bilirubin bodies

normal and bile acid concentration is reduced, whereas
the bile itself is oversaturated with cholesterol.*)

9.15 Hepatocardiovascular syndrome

Apart from lung and kidney, heart and circulation are
often involved, either primarily or secondarily, in liver
diseases; this applies especially to cirrhosis.

Hyperdynamic circulation has a close correlation to por-
tal hypertension, which results in (1.) reduction in vas-
cular resistance and (2.) vasodilation of the splanchnic
arteries and arterioles with increased blood volume in
this vascular system. This leads to underfilling of the

*) Kuntz, E.: Erkrankungen der Gallenblase und Gallenwege.
(Diseases of the gall bladder and biliary tract) J.F. Lehmanns
Verlag München, 1974. 344 pages, 126 figures.
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heart and reduction of the arteriovenous oxygen differ-
ence. The consequences of this are adaptive tachycardia
and increased cardiac output as well as arterial hypo-
tension. As a result of such a hyperdynamic circulation,
there is a decrease in the effective blood volume (� cen-
tral and peripheral blood volume in the cardiac cham-
bers, lungs and main arteries). The splanchnic hypervol-
aemia increases the portal hypertension as a vicious
circle. The relative hypervolaemia in the arterial system
and hypotension cause a compensatory activation of the
RAAS and the sympathetic nervous system. This is fol-
lowed by an increase in the intrahepatic vascular resist-
ance with continuous deterioration of the haemodynam-
ics. This vicious circle finally leads to an enlargement of
the collateral vessels with development of varices as well
as to ascites and the hepatorenal syndrome.

Pathogenesis of vasodilation is multifactorial. The sys-
temic or local effective vasodilators include: NO, gluca-
gon, substance P, VIP, TNF, calcium-gene-related pep-
tide, prostacyclin, etc. (12, 19, 33)

Clinical findings comprise: resting tachycardia and
hypotension with large amplitude; dry and warm skin;
flushed extremities, bounding pulses and capillary pul-
sations in the fingers; occasionally, an ejection systolic
murmur is audible; QT time is often prolonged in corre-
lation to the severity of cirrhosis. (182) • These cardiovas-
cular findings are usually not a cause of heart insuf-
ficiency. After liver transplantation, there is complete
regression. • Beta-blockers are recommended as therapy.

Cirrhotic cardiomyopathy: This term is defined as a left
ventricular functional disorder due to stress (e. g. hyper-
dynamic circulation) or as pharmacological stimulation.
But also the possibility of (toxically induced?) subclin-
ical myocardial damage is discussed, especially because
elevated troponin 1 serum values are detectable in every
third patient. (81, 142, 187) (Troponin is connected with
propomyosin in the actin filaments at regular intervals
and, as a “relaxing protein”, has an important function
in muscle metabolism, also in the heart).

Pericardial effusion: In ascites, there is often (50�60%)
a generally small pericardial effusion, which today can
be recognized reliably with the help of echocardiogra-
phy.

9.16 Hepatocellular carcinoma

HCC is the fourth most common tumour worldwide.
In 68�89% of patients with HCC, cirrhosis was also
detected, i. e. about 6 times more often than in patients
without cirrhosis. The incidence of HCC in cirrhosis is
between 4% and 55% (2�5% per year), depending on
(1.) aetiology of cirrhosis, (2.) type of cirrhosis, and (3.)
observation period. Men are affected about 8 times
more often than women. (45, 94, 180) (see chapter 37.3)

Aetiology of cirrhosis: Cirrhosis due to hepatitis B, C
and D as well as haemochromatosis, alcohol, NASH
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and α1-antitrypsin deficiency increases the risk of devel-
oping HCC considerably; there is a less obvious associa-
tion with primary and secondary cholangitis or with
autoimmune hepatitis. (84, 85, 143, 178)

Type of cirrhosis: Macronodular cirrhosis (which is usu-
ally a posthepatitic form of cirrhosis) is the type most
often associated with HCC (about 55% of cases). Com-
pared to micronodular cirrhosis (usually alcohol-in-
duced), development of HCC must be anticipated in
5�10% of patients. In this context, the actual presence
of coarse-nodular cirrhosis seems to pose a greater risk
of HCC than the aetiology of the underlying cirrhosis.
• The adenomatous and hyperplastic transformations
frequently found in cirrhosis tend to develop into HCC.

Observation period: The time lapse between the onset
of cirrhosis and that of HCC is unpredictable. Small
cancerous foci may be observed at a early stage of cir-
rhosis, which to date could only be demonstrated by
SPECT in vivo. Clinically recognizable HCC is reported
to take about 4 years on average to develop into HBV-
induced cirrhosis (H. Obata et al., 1980) and about 8 years
into alcoholic cirrhosis (C.M. Leevy et al., 1964).

Diagnosis: Long-term monitoring of a cirrhotic patient
is achieved by determination of α1-foetoprotein (s. p.
106). As soon as the initial value has been established,
follow-ups are carried out at long intervals (usually
every 6�12 months if the values are normal) and at
short intervals if the values are elevated. However, sensi-
tivity is only about 60%, so that a normal value does
not necessarily exclude HCC. Specificity is 75�90%.
Despite the unsatisfactory sensitivity, AFP determina-
tion is still useful for monitoring the development of
“still normal” or “already moderately elevated” values. •
The simultaneous determination of des-gamma-carboxy
prothrombin (DCP) (sensitivity 50�60%, specificity
80�100%) can improve the diagnostic value or the
assessment of the course. (s. p. 725) • Sonography serves
as a tool in monitoring cirrhosis simultaneously, yet it
should be noted that the sonographic differentiation of
small-sized malignant foci is generally quite difficult in
the cirrhotic liver. Sensitivity is 70�80% and specificity
90�95%. Follow-ups are recommended at 6�9 month
intervals. Regular monitoring at short intervals with the
help of AFP determination and sonography is recom-
mended in macronodular cirrhosis or in the presence of
HCC risk factors. (93) • Suspected development of HCC
is an indication for contrast-medium (� lipiodol) com-
puter tomography (or spiral CT) in order to guarantee a
relatively early diagnosis. (s. fig. 37.6) MRI (or spiral
CT) has also been used to distinguish between adeno-
matous hyperplastic nodes and HCC in cirrhosis. (79,
103, 108, 197) • Cytologic confirmation of HCC can be
substantiated by US/CT-guided fine-needle biopsy; this
is especially true for intrahepatic foci. • In view of the
bleeding risk, we would discourage clinicians from
resorting to percutaneous biopsy and consider laparo-



Chapter 35

scopy to be indicated instead. (s. figs. 37.1, 37.7, 37.8)
The primary use of laparoscopy as a morphological tool
(subsequent to imaging diagnostics) has the following
advantages: (1.) inspection of the total liver surface
facilitates a much more reliable detection of foci, (2.)
practically any superficial focus can be accessed by for-
ceps biopsy, (3.) use of Robber’s forceps is far less dan-
gerous than any needle biopsy of the liver, (4.) explora-
tive laparoscopy provides the required staging result,
and (5.) any kind of “blind” percutaneous biopsy is def-
initely more dangerous than forceps biopsy, which is
carried out under visual control with the possibility of
monitoring potential rebleeding and applying respective
coagulative measures. (see chapter 37.3)

10 Prognosis

The prognosis for cirrhosis patients depends upon the
respective complications in each case. The underlying
morphological processes, such as necrosis, fibrosis and
regeneration, combine to widely differing degrees in the
single cirrhotic patient. There are also individual diver-
gencies in haemodynamic responses and the corres-
ponding effects on the kidneys, lungs and liver, etc. Thus
it is very difficult to give an accurate prognosis in each
case. Furthermore, such a prognosis can only cover a
relatively short period of time (a few months up to a
year). (2, 46, 59, 78, 107, 139, 144, 157, 176, 203, 204)

Various indices have been developed using weighted
parameters to calculate the probability of fatality or sur-
vival in the individual case. Classification of cirrhosis
according to the criteria devised by Child and Turcotte

(1964) and the modification established by Pugh (1973)
has been widely accepted. Our experience shows that
the additional use of the GEC and the ICG test makes
the classification more reliable, particularly in stages A
(� score 5�7) and B (� score 8�10). (s. tab. 35.6)

The prognosis of cirrhosis caused by toxins (alcohol or
medicament abuse, chemical agents, iron storage, etc.) is
usually markedly improved by eliminating the causal
noxa. Recognition and treatment of secondary immuno-
reactions, which may occur concomitantly, are also
important. As a result of such reactions, the prognos-
tically favourable effect of abstention (e. g. alcohol,
pharmacons) may be reduced unless adequate counter-
measures with drugs are possible.

In compensated cirrhosis, the 10-year survival rate is
between 45 and 50%. Long-term compensation (for
many years) can also be maintained in 40�45% of cases.
Of the compensated patients, severe complications
develop in 55�60% and decompensation occurs in
45�50% of cases. The mean survival rate for compen-
sated cirrhosis is 8.9 years, for decompensated cirrhosis
1.6 years only. (139, 144, 176)
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Complications such as variceal bleeding, hepatic
encephalopathy, ascites and infections as well as
reduced renal function also influence the mortality rate
of liver cirrhosis (in Germany some 25,000/year). The
main causes of death are hepatic coma or liver failure
(25�40%), bleeding (20�30%), infections (about 10%)
and HCC (about 5%). Spontaneous bacterial peritonitis
is fatal in 50�70%, and with liver dysfunction even in
90% of cases. Occurrence of the hepatorenal syndrome
is almost invariably fatal.

Prognosis of liver cirrhosis depends upon preventing
complications as far as possible. • At the same time,
all options should be used to stabilize compensation
and improve liver function.

11 Treatment

In principle, six treatment forms can be implemented to
combat the complex pathological events in liver cirrho-
sis, which may be extremely variable due to numerous
complications. These are: (1.) causal treatment, (2.)
treatment of pathogenetic primary reactions, (3.) treat-
ment to prevent progression of cirrhosis, (4.) treatment
of symptoms, (5.) treatment of complications, and (6.)
liver transplantation.

11.1 Causal treatment

Once alcohol-induced cirrhosis has been detected, abso-
lute alcohol abstention is essential. This abstention also
includes the concealed amounts of alcohol in drinks and
foodstuffs or in pharmaceuticals and tonics as well as
the use of after-shave products, which may contain a
high volume percentage of alcohol. Even fruit juices are
allowed to contain a certain amount of alcohol, due to
fermentation in the bottle. And so-called alcohol-free
beer is in fact a beverage with a low alcohol content.
Apart from that, intestinal fermentation caused by cer-
tain fungi may result in the production of considerable
amounts of alcohol. All these factors can come together
to produce “alarming” quantities of alcohol in the body
and can even lead to a situation where a phase of absti-
nence is followed by renewed addiction. Women in gene-
ral and patients with cirrhosis who have undergone gas-
tric resection are predominantly at risk with regard to
this complex problem. All too often, these facts are
underrated or go largely unnoticed as far as their cumu-
lative effect is concerned. Beware of cliché-ridden expres-
sions designed to trivialize the matter such as a “sip of
wine”, a “sip of beer” or a “nip of brandy” � this form
of self-deception is simply not acceptable. (s. pp 59;
522�524)

Likewise, in cirrhosis due to medicaments or toxins,
causal treatment entails elimination of the underlying
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noxa(e) (pharmaceuticals, chemicals, drugs) and a sim-
ultaneous “ban” on alcohol. Alcohol has an additive
and sometimes intensifying effect as a noxa. In a partic-
ular course and stage of cirrhosis due to viral hepatitis
B or C, treatment with interferon may (still) be used as
causal therapy. Hereby, the frequency of decompensa-
tion of HCV cirrhosis or of HCV-induced carcinoma
could be lowered, although not significantly.

11.2 Treatment of pathogenic reactions

Treating pathogenic primary reactions does not cure the
underlying cause of cirrhosis, but is an effective inter-
vention in its pathogenesis. Continuous therapy may
result in reduced inflammatory or immunological activ-
ity and decreased fibrogenesis despite the (regrettable)
development of cirrhosis; thus it can bring about a ten-
dency towards stabilization or inactivation of the overall
process: e. g. iron depletion in haemochromatosis,
removal of copper in Wilson’s disease, protection against
ultraviolet light in certain forms of porphyria cirrhosis,
immunosuppression in autoimmune cirrhosis, and reduc-
tion in portal hypertension by medication.

11.3 Treatment of progression

The above-mentioned measures do not combat the
cause(s) or eliminate the primary pathogenetic reactions
(with a few exceptions). The general aim is to prevent
progression of the disease, ideally until the cirrhosis
comes to a halt. When such medication is administered
effectively, complicative developments can also be pre-
vented. Pathogenetic primary reactions often initiate a
cascade of secondary mechanisms, in particular of a
biochemical nature. This is true, for example, of the
inhibition of concomitant cholestasis during the course
of cirrhosis by ursodeoxycholic acid (97), the reduction
in lipid peroxidation by silymarin, the inhibition of
fibrogenesis by colchicine (82) or silymarin (sometimes
with improved quality of life), and the elimination of
hyperammonaemia by ornithine aspartate. (145) (s. p.
279)

Fundamentally, “treatment” of cirrhosis should begin
during its chronic precursory stages, i. e. chronic hepa-
titis or chronic cholangitis. A chronic disease con-
firmed by detailed diagnostics usually still responds
to effective treatment measures, which are, however,
of no help once the cirrhotic stage has been reached.

11.4 Symptomatic treatment

� From the subjective point of view concerning the
pathological events, it is usually those symptoms which
considerably impair the state of health and lifestyle that
are the most obvious. The patients “feel” tired, worn
out, lack concentration, are unenthusiastic and unmo-
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tivated; they are inappetent and show muscular weak-
ness; occasionally they suffer from pruritus � they “feel
ill”, or even “chronically poisoned” (as we were often
told by such patients who used these words). First and
foremost, the patient seeks advice and help, even poly-
pragmatic help in view of the often widely varying
symptomatology.

� When liver cirrhosis has already been confirmed by
detailed diagnosis and its (possible) secondary reactions
or complicative developments have been determined
(this is the primary prerequisite “of the physician”), it is
possible to apply symptomatic treatment measures in a
more effective and more targeted and thus also more
efficient way (which is what “the patient” principally
expects). • In most cases, this forms a basis of mutual
trust as it generally guarantees the patient’s readiness to
cooperate with regard to strict directions, certain treat-
ment and follow-up measures as well as invasive therapy.

11.4.1 Nutrition

The question “What can I eat?” is nearly always of
prime importance and it implicitly includes the basic
idea of what the cirrhotic patient should avoid or what
diet to give preference to. First of all, it should be clear
that there is no such thing as a special liver diet designed
to have instant curative effects on liver disease (despite
the fact that many such diets have been extolled). • The
diet of a cirrhotic patient is based on the principles of
nutritional physiology, the aetiology of the cirrhosis, the
patient’s body weight and age as well as on any complica-
tions. (117) (s. pp 536, 850)

The calorie content of the diet should be adapted to
the current body weight. As a rule, the percentage ratio
between calories derived from carbohydrates, protein
and lipids is considered well-balanced at 40:20:40 or
50:20:30, with a minimum of 2,000 calories per day. The
recommended protein intake is about 0.8�1.2 (�1.5) g/
kg BW; when there is a tendency towards encephalo-
pathy, the protein content needs to be reduced accord-
ingly, with an intake of mainly lactovegetative proteins.
(s. p. 278) In catabolism or muscular atrophy, the pro-
tein intake must be increased to more than 100 g/day
and/or branched-chain amino acids (34, 65, 77, 104, 109, 121,
152, 177, 199) or formula diets are recommended. The
nitrogen balance must be in equilibrium. (86, 116) The
daily intake of food should always be spread over 5
meals (i. e. 3 main meals and 2 snacks, as with diabetic
patients): this makes digestion easier, and the catabolic
phases become shorter. With regard to energy, a cirrho-
sis patient is in a condition of fasting. Salt intake should
not exceed 7 (�8) g/day; as soon as signs of water reten-
tion in the tissue appear (s. fig. 16.2), salt consumption
should be reduced further. (s. p. 305) • In addition, dis-
ease-induced maldigestion/ malabsorption (e. g. defi-
ciency of pancreatic enzymes or bile salts, portal hyper-
tensive enteropathy) is responsible for a lack of essential



Chapter 35

nutritional components (often latent for a long time). In
older people, reduced absorption of fat-soluble vitamins
(184, 185) and arachidonic acid (131) (among other
things) is also to be expected. However, one should not
wait for a vitamin deficiency to arise; besides, biochem-
ical evidence of reduced vitamin values is costly and
unreliable. Daily intake of multivitamin tablets (as a
dietary supplement) should thus be considered for obvi-
ous reasons. This is also true of a complementary supply
of electrolytes, zinc (105, 196) and selenium. (27, 181) • If
steatorrhoea is observed, MCT (about 3 x 15 ml/day,
equivalent to some 400 kcal) are given, possibly coupled
with the administration of “essential” phospholipids to
achieve the best results. (28)

I have been told that raw goat’s milk (2 x 0.25 l/day, stored in
the refrigerator) is used “successfully” to treat liver cirrhosis in
some regions. Ubiquinone (?) is thought to be the active sub-
stance � this agent is also said to have prevented the occurrence
of cirrhosis in animal experiments.

� Malnutrition, which is observed in 60�80% of cirrhotic
patients, may be so severe that parenteral nutrition is called for.
(29, 117) Glucose infusions as a main source of energy (6�10 g/kg
BW/day), amino-acid solutions (1.0�1.5 g/kg BW/day) and lipid
infusions (0.3 g/kg BW/day) can be used for this purpose to guar-
antee a supply of about 2,270�3,000 kcal. • Parenteral nutrition
should guarantee an adequate supply of vitamins, electrolytes, zinc
and choline as well as albumin. (24) In encephalopathy, preference
is usually given to branched-chain amino acids instead of total
amino-acid solutions. Administration of insulin may be necessary
in impaired glucose tolerance. • In pronounced catabolism, the
nitrogen balance can be considerably improved by administering
recombinant growth hormones. • Laevulose, xylitol or sorbitol
should not be administered as they are not sufficiently transformed
into glucose in the cirrhotic liver, with the result that lactate acidosis
and hypoglycaemia occur due to the increased formation of lactate.
In addition, these substances also lead to a further reduction in
energy-rich phosphates, which are generally already decreased.

11.4.2 Physical activity

Appropriate physical activity (with anabolic effects) is
generally recommended for cirrhotic patients in order
to prevent muscular atrophy and hepatic osteopathy. We
had positive experience with a muscle-training pro-
gramme carried out 2 (or even 3) times a day. Almost
60% of the musculature is activated in this way � irre-
spective of age or weather conditions and without the
need for particular clothing or equipment. (s. pp 650,
732) • Swimming or water gymnastics are recommended
activities, if possible. Physical overexertion must be
avoided. (18, 57, 154) This also applies to the use of home-
training equipment. An unfavourable rise in HVPG due
to increased physical exercise can be prevented by pro-
pranolol. (18) • We recommend a horizontal position for
about an hour after each of the 3 main meals. The posi-
tive effects of a recumbent position on numerous bio-
chemical parameters, particularly in disturbed water
and salt balance, remain undisputed � and are just as
obvious as the negative effects of a long-term upright
posture. (154) The latter may even trigger complicative
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developments when there is simultaneous emotional
(sympatheticotonic) excitement (e. g. when watching
sports events!). • Vocational rehabilitation is the ultimate
aim and the patient ought to be given tasks based on
physical aptitude. If the physician agrees, patients
should continue in their current profession. The diagno-
sis “liver cirrhosis” does not automatically mean incapac-
ity for work or vocational disability! • Utmost care
should be taken by the patient in keeping personal
records (documentation sheet) in order to detect latent
HE or latent water retention, which points to a com-
mencement of decompensation. (s. fig. 15.3) (s. pp 275,
305)

11.4.3 Psychological guidance

� Detailed and confirmed diagnosis enables the phys-
ician to offer reliable guidance, which gives the patient
the necessary confidence in the former’s proficiency and
experience. This is the first important prerequisite
regarding active medical care. • The patients, who have
various subjective complaints and are usually weakened
by malnutrition, besides being severely restricted in their
everyday lives, are first and foremost seeking tangible
help to ease their own subjective suffering. The patient
has more trust and readiness to cooperate if the phys-
ician shows understanding for these subjective com-
plaints, takes them seriously and treats them (even if the
treatment measures are gradual or polypragmatic). This
is the second important prerequisite regarding active
medical care. • Usually, it is the patient’s desire to be
informed as fully as possible in a comprehensible man-
ner about the respective disease. The physician’s
patience and readiness with respect to elucidation as well
as in explaining the disease itself and the cirrhosis-
related circumstances in an understandable manner, or
even suggesting that a second opinion should be
obtained from another hepatologist, reassure the
patients that they are in the hands of a competent spe-
cialist. This is the third important prerequisite regarding
active medical care.

Understandably, there are always questions concerning
prognosis. Cirrhoses come in many different shapes and
sizes! The individual aetiology of cirrhosis (more than
thirty different causes are known; s. tab. 35.2) initially
determines the prognosis � this is all the more essential
since certain forms respond well to treatment. In add-
ition, prognosis is influenced by maintaining compensa-
tion, which, in turn, is supported by an appropriate life-
style. The patient is fully aware of the fact that any kind
of active participation is really worthwhile, that even
phases of decompensation can be overcome and that
early detection of such phases as well as of complicative
developments offers the best chance of stabilization,
provided that treatment commences as early as possible.
The patient experiences how the aetiology of the cirrho-
sis, personal cooperation and the early detection of com-
plications form an important triad, and that conse-
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quently the prognosis of liver cirrhosis need not be as
poor as is generally assumed. • We treated numerous cir-
rhotic patients over a long period, a large number of
whom we accompanied for 10�15 years despite some
interspersed “acute-on-chronic” events.

Even an infaust prognosis should not be withheld from
the patient, particularly in those cases where specific
questions are asked about the true situation. In these
conversations, the physician, who is naturally deeply
involved, should explain the situation step by step,
revealing one unfavourable fact after the other. In this
way, all medical and nursing measures can be discussed
frankly. The patients also need time to settle their per-
sonal and family affairs and to have a chance for con-
templation as well as for finding spiritual support.

Such a joint approach and communal experience con-
cerning cirrhosis requires the physician to show
empathy and persuasion, but also to discern the
degree to which the patient is able to grasp and
understand the medical facts and findings intellectu-
ally and emotionally. Time and again, the three pre-
requisites described above have proved to be main-
stays in the relationship between physician and
patient.

11.4.4 Drug therapy

� A review of the past 50 years (since 1955), during
which time we have experienced numerous develop-
ments in hepatology, shows that a fascinating spectrum
of treatment options has been established, which
nobody could ever have dreamed of. • This is true first
and foremost of the treatment of pathogenetic primary
reactions, some examples of which have been outlined
in the individual chapters describing the corresponding
diseases. The same applies to the pharmacological treat-
ment of progressive tendencies typical of cirrhosis, such
as cholestasis, fibrosis, hyperammonaemia, electrolyte
imbalance, lipid peroxidation, etc.

Dealing with complications is not what we consider
to be the most important aspect of treating cirrhosis.
A primary objective should be to carry out prophy-
lactic measures for preventing such complications in
the first place, insofar as this is possible.

As we have shown in the case of encephalopathy and
ascites � the two earliest and thus most common decom-
pensation syndromes � successful prophylaxis for about
1 year is less of a financial burden than (just) 1 week
of inpatient treatment after manifestation. Even more
important is the absolute danger to the patient inherent
in a progressive course. • Prevention of complications is
always better and cheaper � for all parties involved!

The use of the following substances has proved suitable
in terms of pharmacological plausibility and clinical
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results, provided there are no particular circumstances,
forms of treatment, intolerance or individual imponder-
ables to contraindicate their application.

Step 1: (1.) lactulose (2�3 stools/day) and (2.) spirono-
lactone (50 mg per day or every second day). This dos-
age is practically free of side effects � even during long-
term administration. (s. pp 278, 306, 858)

Step 2: Additional administration of (3.) ornithine
aspartate (1�3 x 6 g/day). This may be indicated by
the detection of latent HE (stages 0, 0�I). Usually, the
administration of (4.) zinc (15�30 mg/day) is also indi-
cated in this context. (s. pp 279, 857, 862)

Step 3: Reduction in portal pressure (42, 74, 113, 115)
increased at an early stage, and prevention of variceal
bleeding as part of a primary prophylaxis are important
measures. In our experience, the development of pulmo-
nary hypertension can be delayed (or even prevented).
(s. p. 337) This might be achieved, for example, by
administering (5.) molsidomine and (6.) beta blockers (in
combination with spironolactone as in Step 1). The fre-
quent occurrence of portal colopathy (30�40%), even
with colitis-like abnormalities, can be reduced by propa-
nolol. (21, 158) • A combination of isosorbide-5-mononi-
trate with nadolol has been successful in cases where
treatment with beta blockers alone did not prove effec-
tive. (s. pp, 258, 355)

Fat-soluble vitamins: Oral intake of vitamins A, D and E is usually
sufficient � as is the dosage contained in multivitamin prepar-
ations when taken daily. Biochemical evidence of deficiency or the
occurrence of diseases due to deficiency usually require vitamins
A, D, E and K to be supplied parenterally as a compound prepar-
ation. (184, 185) (s. p. 47)

Silymarin: At present, there is no unequivocal confirmation of the
positive effects of silymarin as a cytoprotective agent against vari-
ous noxae; in particular, the scavenger effects attributed to this
substance and its alleged regenerative properties have not been
confirmed in cirrhosis. (s. p. 867)

Phosphatidylcholine: As is the case with silymarin, there is a vast
amount of information in the literature about this substance. Ani-
mal experiments have shown that the development of septal fibro-
ses and the occurrence of cirrhosis could be prevented despite
chronic alcohol consumption. The studies available to date on cir-
rhotic patients provide insufficient information. (s. p. 865)

Colchicine: Inhibition of progressive fibrosis in cirrhotic patients
with a markedly improved survival time was reported (dosage: 1
mg/day, 5 days/week). (82) However, this was not confirmed in a
later study. We have no information about potential side effects,
particularly during long-term treatment (which is usually desirable
in cirrhosis therapy). (s. p. 868) • The use of proline-4-hydroxylase
results in the significant inhibition of collagen synthesis in animal
experiments. No clinical data are available to date.

Coagulation parameters: Detection of pathological laboratory
values is not an indication for substitution. Such measures are un-
necessary before clinical manifestations are observed. Propranolol
ameliorates thrombopenia. (151) (s. pp 346, 347)

Liver cirrhosis is the final stage of disease of the largest
metabolic organ, with diverse functionally, biochemically
and morphologically related complications. Decompensa-
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tion mechanisms should therefore be avoided with the
help of targeted treatment. The aim is to maintain the
stage of compensation for as long as possible and to
recognize complications at their onset. • The costly and
complex treatment strategies for dealing with cirrhotic
complications, often involving intensive care, are de-
scribed in the respective chapters.

11.5 Monitoring

Regular monitoring is essential and should be carried
out in a targeted and economical way. The basic par-
ameters used in the follow-up should be limited to
obtaining really informative results!

� In the course of some 40 years, we have accompanied
cirrhotic patients for considerable periods of their lives,
many for more than 10 years, some even for more than
15 years. This often resulted in experiences that modi-
fied and ultimately standardized our follow-up pro-
gramme. • Basic control parameters, i. e. parameters
important in all forms of cirrhosis, are supplemented by
more informative investigations (such as iron, copper or
phosphatase values) in cases with a particular aetiology.
Such a standard programme, which nevertheless leaves
room for individual concepts, has proved successful over
many years. (s. tab. 35.8)

1. Interim anamnesis:
2. Therapeutic status:
3. Clinical findings:
4. Documentation sheet:

5. Laboratory parameters
GPT: γ-GT: every (2�)4weeks
Na: P: every (2�)4weeks
ChE: Quick: every (4�)8weeks
Electrophoresis: Alb.: every (3�)6months

γ-Glob.: every (3�)6months

6. Particular values:

Doctor’s orders:

Tab. 35.8: Standardized (uniform and easy-to-document) evalu-
ation programme for the long-term follow-up of compensated cir-
rhotics. (Time intervals in accordance with the current situation,
particular values in accordance with the given cirrhosis aetiology)

1. Interim anamnesis: Important events during a certain
period of time are noted in a concise manner � other-
wise the abbreviation n.a. (� no abnormality dis-
covered) is sufficient.
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2. Therapeutic status: The name and dosage of the
pharmacons used in the meantime; the name and date
of any medicine discontinued or newly prescribed; side
effects/intolerances observed, if any; (all relevant details
concerning the remedies are recorded, which facilitates
interim repeat prescriptions).

3. Clinical findings: Relevant changes in findings are
recorded tersely; unchanged status is noted with the
abbreviation n.c. (� no changes).

4. Documentation sheet: Presentation of the documen-
tation sheet by the patient containing details of body
weight and handwriting specimens during the respective
follow-up phase. This form (which can easily be drawn
up by the patient) may contain, on the front and back,
daily entries for 2 follow-up months. This patient-made
documentation is the cheapest and most reliable follow-
up method with regard to early detection of the two
most sensitive signs of decompensation: latent HE and
latent ascites. (s. fig. 15.3) (s. pp 275, 305)

5. Laboratory parameters: These are of secondary
importance in the long-term follow-up of compensated
liver cirrhosis. GPT is sufficient for evaluating enzymatic
activity, while γ-GT is suitable for initial detection of
concomitant cholestasis or toxic components (in some
cases, there are also hints of malignancy or sometimes
regeneration). Depending on the individual situation,
these two values have to be checked at intervals of (2�)4
weeks. In order to monitor liver function, cholinesterase
and Quick’s value are determined at intervals of (4�)8
weeks, while electrophoresis (for evaluating mesenchy-
mal activity and albumin synthesis) is conducted every
(3�)6 months. • Control of sodium (Na) and potassium
(P) is carried out according to the individual situation.
However, these two electrolytes are nearly always within
the normal range if the findings in the above mentioned
documentation sheet referring to latent HE or latent
oedema are also normal � a fact which can be
explained in terms of pathophysiology. • With specific
forms of cirrhosis, one or two additional parameters of
particular significance are applied.

The aim is to maintain the stage of compensation in
an undisturbed state for as long as possible, to use all
possible measures to prevent negative effects, and to
detect and treat the onset of any decompensation
mechanisms as early as possible. This is essential and
decisive both for prognosis and for structuring a
worthwhile daily life. • The requirements of quality
management are also met as far as possible by adher-
ing to a standardized follow-up programme, which can
be documented. • This well-established overall con-
cept has also been successful in reducing the expense
involved. The costs of caring for one cirrhotic patient
have been calculated at approx. 13,000 US dollars per
year (T. Szucs et al., 1997).



Liver cirrhosis

11.6 Liver transplantation

All patients with end-stage cirrhosis should be con-
sidered for liver transplantation in good time. Selection
initially requires a thorough and critical evaluation of
the indication with regard to the patient’s general phys-
ical and mental condition. The risk factors, which have
to be assessed in advance, include: (1.) cardiac, pulmon-
ary and renal function, (2.) coagulation system, (3.)
albumin value, (4.) obesity, (5.) prior complex hepatobi-
liary surgery, (6.) portal vein thrombosis, (7.) autoim-
mune disease, (8.) viral infection, (9.) coexisting dis-
eases, (10.) problems related to addiction, (11.)
unfavourable familial and social environment, and (12.)
individual unwillingness to cooperate. • These twelve
evaluation criteria provide an initial overview of the
extent of the risk factors which can be identified in
advance and which are of significance for the patient’s
registration at a transplantation centre. • For many
patients in a life-threatening situation, liver transplanta-
tion remains the only chance of survival.
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36 Benign hepatic lesions and tumours

1 Definition

The term lesion denotes a circumscribed impairment
of function or tissue structure, while the word tumour
describes a circumscribed swelling or the growth of
body tissue. • Benign hepatic focal lesions are circum-
scribed alterations. They differ markedly from the
surrounding hepatic tissue, which shows a normal or
diffusely changed structure. Differences in tissue type
or chemical composition are revealed by imaging pro-
cedures. Benign hepatic coin lesions can appear either
in solitary or multiple form. They may be only 1�2
mm in size or cover large hepatic areas, and even a
complete lobe.

2 Classification

Benign hepatic focal lesions are usually detected as an
incidental finding in sonography. As a rule, there are
no subjective or characteristic complaints, no identified
neoplastic disease and no objective clinical findings.

2.1 Sonomorphological classification

Sonomorphological differentiation may be helpful in
classifying incidentally detected liver foci: (1.) anechoic,
(2.) hypoechoic, and (3.) echogenic lesions. The cyst as
a typical anechoic focus displays the following charac-
teristics: a delicate margin, dorsal sound reduction and
a completely anechoic lumen. • Focal hepatic lesions or
coin lesions are exceptionally variable with regard to
size, number, internal echo (homogeneous or struc-
tured), demarcation from the surrounding hepatic tissue
and secondary findings (displacement effects, com-
pression). • It is extremely important to rule out malig-
nant hepatic tumours. (s. tab. 36.1)

Anechoic lesions Hypoechoic lesions
Caroli’s syndrome Adenoma
Cysts Echinococcus alveolaris
Echinococcus alveolaris FNH
Fresh haematoma Focal non-fatty changes
Liquefied abscess Fresh abscess
Osler’s disease Hamartoma

LymphomaEchogenic lesions
NRHFibroma
Old haematomaFocal fatty changes
Peliosis hepatisGranuloma
Regenerative nodesHaemangioma

Hamartoma
Lipoma
Regenerative nodes

Tab. 36.1: Sonomorphological classification of benign hepatic fo-
cal lesions according to their (predominant) echogenicity
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2.2 Histological classification

Differential diagnosis of circular hepatic foci helps to
decide whether therapeutic measures are necessary, not
required, or not feasible. • The histological classification
of benign coin-like hepatic lesions differentiates between
(1.) hepatocellular tumours, (2.) cholangiocellular tu-
mours, (3.) mesenchymal tumours, and (4.) tumour-like
lesions. There may also be evidence of (5.) calcareous
foci. (4, 7, 12, 15) (s. tab. 36.2)

1. Hepatocellular tumours
Adenoma
Focal nodular hyperplasia (FNH)
Nodular regenerative hyperplasia (NRH)
Regenerative nodes

2. Cholangiocellular tumours
Bile-duct papillomatosis
Biliary hamartoma
Caroli’s disease/syndrome
Intrahepatic bile-duct adenoma
Intrahepatic bile-duct cystadenoma

3. Mesenchymal tumours
Angiolipoma
Angiomyolipoma
Benign haemangioendothelioma
Cavernous haemangioma
Chondroma
Fibrous tumour
Focal fatty changes
Glomangioma
Leiomyoma
Lipoma
Lymphangioma
Mesenchymal hamartoma
Mesothelioma
Myelolipoma
Myolipoma
Myxoma
Schwannoma

4. Tumour-like lesions
Abscess
Cysts
Granuloma
Haematoma
Inflammatory pseudotumour
Peliosis hepatis

5. Calcareous foci

Tab. 36.2: Histological classification of benign hepatic coin lesions

3 Diagnosis
3.1 Anamnesis

In most cases, benign liver tumours are detected by
chance during sonography. Any information elicited dur-
ing anamnesis about the long-term use of contracep-
tives, androgens or medication as well as any possible
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intake of chemicals, potential infections with parasites
or zoonoses, abdominal trauma or febrile diseases and
previous episodes of jaundice may be important.

3.2 Complaints

There are usually no subjective complaints � except
when there are large space-occupying lesions which
cause anorexia, weight loss, upper abdominal pain upon
pressure, haemorrhaging in the tumour or tumour rup-
ture. Febrile conditions and pain may point to infection,
liver abscess or echinococcosis.

3.3 Findings

Anamnesis and complaints are often of little diagnostic
value. Moreover, clinical examination generally reveals
non-characteristic findings such as hepatomegaly, ab-
dominal pain upon pressure, diaphragmatic elevation,
right-sided pleural effusion or hepatic vascular murmur
(e. g. in large haemangiomas). • Laboratory parameters
are generally normal. Sometimes transaminases and
γGT are elevated; occasionally, there is an increase in
AP and respective values relating to cholestasis. In the
case of an inflammatory process, CRP and BSR are
often elevated; ChE and iron may be decreased.

3.4 Imaging procedures

The following imaging procedures can be used for the
detection and differential diagnosis of benign hepatic
lesions or tumours: (1.) sonography, (2.) computer
tomography, (3.) scintigraphy, and (4.) magnetic reson-
ance imaging. These methods show clear differences in
their ability to detect tumours of minimum size, in their
sensitivity and specificity, and in the costs involved. •
Echogenic and anechoic foci can obviously be detected
by sonography at a much smaller diameter than hypo-
echoic foci. In scintigraphy, hepatic tumours in the por-
tal area and in the centre of the liver must have a larger
diameter in order to be visualized. By combining scin-
tigraphy and CT, it is generally possible to differentiate
FNH from adenoma. In CT and MRI, detection of a
tumour depends on its structure. • Sensitivity, i. e. the
rate of correct positive results, should be as high as pos-
sible, but there are clear differences here. The specificity
of these diagnostic procedures is high at 90 to 95%.

Sonography is the method of choice on the basis of the
following criteria : (1.) it has a high diagnostic yield
(including extrahepatic areas), (2.) it is cost-effective,
(3.) it can be used in various locations, (4.) it is not time-
consuming, and (5.) it does not burden the patient. The
use of new techniques (contrast-enhanced power Dopp-
ler sonography, phase-invasion harmonic imaging) can
help to make the assessment more reliable in individual
cases. US is clearly inferior to CT when it comes to
diagnosing metastases. (3, 6) • It should be noted that the
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respective diagnostic reliability is highly dependent upon
the investigator’s experience. (s. tab. 36.3)

Computer tomography has a greater sensitivity than
sonography; however, there are higher costs involved, it
takes more time, requires more space and entails expos-
ure to radiation. More sophisticated methods such as
helical CT or CT arterioportography allow a more
differentiated application in certain constellations (e. g.
malignant lymphoma, metastases of parvicellular bron-
chial carcinoma, or breast cancer). Permanent-location
CT with administration of bolus contrast medium is
suitable for the differentiation of haemangioma. Sono-
graphy and CT are considered to be useful complemen-
tary techniques in diagnosing hepatic focal lesions, since
in this way foci can be detected which are missed by the
respective other method. (1, 3) (s. tab. 36.3)

Criterion US CT MRI SC FNB Lap

Detectable
size of focus (cm) > 0.5 > 0.8 > 1.0 > 2.0 > 1.5 > 0.1
Sensitivity (%) 50�70 60�90 70�95 40�60 75�90 ca. 100
Specificity (%) 90 > 95 > 95 > 95 ca. 100 ca. 100
Additional
information � � � � � ��

Costs (�) �� ��� �� (�) �

Tab. 36.3: Respective values of the different diagnostic methods
regarding the detection of hepatic focal lesions (US � ultrasound,
CT � computer tomography, MRI � magnetic resonance imaging,
SC � scintigraphy, FNB � fine-needle biopsy, Lap � laparoscopic
findings at the liver surface)

Magnetic resonance imaging may provide additional
differentiation of unclarified findings � particularly in
the diagnosis of haemangioma. Hypovascular lesions
are detected more easily with SPIO-enhanced MRI,
whereas detection and characterization of hypervascular
lesions are improved with gadolinium-enhanced MRI.
(8, 14) (s. tab. 36.3)

Scintigraphy can be indicated for differentiating an
adenoma from FNH (combination of colloid scintigram
and hepatobiliary sequential scintigraphy) and for diag-
nosing haemangioma. (13)

Angiography: Visualization of hepatic veins or arteries is
rarely required. Angiography is indicated for diagnosing
metastases of active endocrine tumours. This technique
may also be necessary in the planning phase of liver
surgery. A further possible indication is its use in carry-
ing out therapeutic measures.

3.5 Biopsy and laparoscopy

Reliable differentiation between a benign and a malig-
nant hepatic tumour is not possible using imaging pro-
cedures; thus, an indication is given for US-guided or
CT-controlled fine-needle biopsy. (s. tab. 36.3) (s. p. 135)
However, FNB is diagnostically inferior to thick-needle
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biopsy (> 1.2 mm) � although the bleeding risk is
clearly much lower. The indication for biopsy should be
viewed critically, particularly when considering the use
of a thick needle. (5) • In all cases where the findings
cannot be substantiated by imaging procedures and where
treatment implications can be expected as a result of
diagnostic clarification, laparoscopy is indicated. The
combination of laparoscopy and biopsy yields the highest
diagnostic sensitivity and specificity. The diagnostic reli-
ability is almost 100% in focal lesions on the liver surface.
(10, 11) Tissue samples for histological examination can
be gained from selected tumour areas by careful,
directed forceps biopsy (also by FNB). Laparoscopy
makes possible the photographic documentation of the
findings as well as of any additional important patho-
logical changes in the abdominal cavity � this may
prove very helpful. (s. tab. 36.3.) (see chapter 7!)

4 Differential diagnosis

4.1 Adenoma

Epidemiology and aetiology: Adenomas have an inci-
dence of 4�10/100,000 inhabitants / year. They are
almost exclusively found in women during their repro-
ductive years. Children are rarely affected. (28) In men,
the risk is higher when they take anabolic agents. In
about 90% of cases, there is a correlation with the intake
of oral contraceptives over many years; this was pointed
out for the first time by J. K. Baum et al. in 1973. (19, 21,
25, 31, 32) There is also an association with the polycystic
ovary syndrome. (33) An adenoma can develop in glyco-
genosis types I and III (with multilocular nodulation)
(29) as well as in type IV. (16) The administration of vari-
ous other drugs (e. g. carbamazepine) has also been
associated with adenomas.

Morphology: Adenomas are mostly solitary (75%) and
located mainly in the right liver lobe (65�70%). The
rare occurrence of multiple adenomas (> 3 lesions) is
termed adenomatosis of the liver. (20) A familial form
has been observed, showing the association with germ-
line hepatocyte nuclear factor alpha. (18) Usually, ade-
nomas develop close to the surface beneath the liver
capsule. They vary greatly in size, reaching a diameter
of 10 cm (2 to > 30 cm); even pediculate nodes have
been observed. Adenomas are hypervascularized and
have a firm, rubber-like consistency. Due to their bright
red to light brown colour, they stand out from the rest
of the hepatic tissue. (s. fig. 29.11!)

� Histology: The parenchyma is formed from pluricellular trabec-
ulae and two (or three) layers of hepatocytes, the width of which
varies from location to location. The hepatocytes are rich in glyco-
gen, often pleomorphic and enlarged, and usually show fine-drop-
let fatty deposits. No evidence of acinar architecture or Kupffer
cells is found; only very few preexisting and incorporated portal
fields, central veins or bile ducts are detectable. There are numer-
ous arteries and ectatic sinusoids; the latter contain no Kupffer
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cells. It is from here that haemorrhages into necroses occur; they
are nearly always found in larger nodes. These haemorrhages may
also penetrate the adjacent liver parenchyma and rupture into the
abdominal cavity. There are no fibroses or inflammatory reactions.
Reticular fibres are delicate or have disappeared completely. Ade-
nomas often possess a capsule made of fibre tissue or compressed
liver parenchyma, so that adenoma nodes are usually easy to enu-
cleate from their hepatic bed. (24)

Diagnosis: Small adenomas do not cause any discom-
fort. Large adenomas may become palpable or cause
pain upon pressure and have displacement effects. La-
boratory parameters are generally normal, although AP
is sometimes increased; the serum value of AFP remains
unchanged. The administration of oestrogen results in a
subnormal γ-GT value. • Sonography, CT and MRI do
not show any abnormalities, since the tissue is hepato-
genic and thus somewhat hypoechoic or hypodense on
a non-enhanced CT scan, but hyperdense in the arterial
phase. In some cases a space-occupying lesion is detect-
able. There may be evidence of circular vascularization,
from which irregular vessels penetrate the adenoma. (17,
27) (s. pp 132, 173, 177) Hypervascularized adenomas
can be seen in colour Doppler sonography (as well as in
coeliacography or MR angiography). Differential diag-
nosis of haemangioma, HCC or metastases may be ren-
dered more difficult by haemorrhages. • Scintigraphy
using 99mTc sulphur colloid shows no activity enhance-
ment. Functional scintigraphy reveals a normal flow
and reduced or no enhancement in the parenchymal and
excretory phases. • Laparoscopy facilitates a “split-
second visual diagnosis”, with histological confirmation
by forceps biopsy, if required. (s. tab. 36.3) (s. fig. 29.11!)

Complications: Intense pain may occur due to haemor-
rhage in the adenoma or haemorrhagic penetration of
the neighbouring liver parenchyma. A rupture causes
haemoperitoneum accompanied by symptoms typical of
acute abdomen and circulatory shock. An association
between menstruation and adenoma rupture has been
reported. The risk of bleeding is relatively high at
30�40%. Malignant degeneration is a potential danger
(approx. 10%). (23, 25, 28, 31, 32) • We are able to add one
observation of our own regarding malignant degeneration.
(s. p. 549) (s. fig. 29.14!)

Prognosis: All in all, prognosis is relatively good. While
some adenomas became smaller or even went into
remission as soon as oral contraceptives were discon-
tinued (18), there were other cases in which the tumour
maintained its size or indeed continued to grow. Even
after regression of the adenoma, there is always a dan-
ger of hepatocellular carcinoma developing. Systemic
AA amyloidosis or paraneoplastic symptoms are rare
complications. (20) Monitoring is effected by US or CT,
as appropriate. Determination of hormone receptors
could provide an additional prognostic criterion in the
future. Alkaline phosphatase, γ-GT and ChE, for ex-
ample, may serve as laboratory parameters.

Treatment: Imaging procedures cannot exclude the pres-
ence of malignant adenoma degeneration. This uncer-
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tainty, together with a high risk of haemorrhage and
rupture, which increases with further growth of the
tumour, provides the basic indication for enucleation or
resection of the adenoma, particularly in the event of
an unexpected trauma of the liver. Embolization prior
to resection leads to a reduction in size of larger adeno-
mas, thus giving better results. Surgery is indicated from
the outset: (1.) when an already large adenoma (> 5 cm)
is present at initial diagnosis, (2.) in pediculate tumours,
(3.) in cases of proven haemorrhage or subcapsular
haematoma, (4.) when there is an increased risk of
abdominal trauma in everyday life, and (5.) prior to a
planned pregnancy. • In general, every resectable ade-
noma should be removed surgically. (20, 22, 26, 30, 36, 38)

4.2 Focal nodular hyperplasia

Epidemiology and aetiology: Focal nodular hyperplasia
(FNH) was first described by M. Simmonds in 1884. It is
about twice as common as adenoma and is the second
most frequent type of benign liver tumour. Its incidence
is 20 (�30)/100,000 inhabitants/year; in autopsy statis-
tics, frequency is 0.3�8.0%. FNH has also been ob-
served in children (52), as has the simultaneous occur-
rence of FNH and adenoma. Cigarette smoking is
deemed to be a risk factor. FNH affects mainly women
(80%); in some 60�70% of women, there is a connection
with the long-term intake of oral contraceptives. (47)
There is also an association with the Klinefelter syn-
drome. (55) When these hormonal preparations are dis-
continued, FNH (like adenoma) often goes into
remission. A hyperplastic reaction to a pre-existing arte-
rial malformation is thought to be one of the pathoge-
netic possibilities. This view is substantiated by evidence
of other concomitant vascular abnormalities (e. g.
haemangioma in 20�25% of cases, aneurysms, telean-
giectasia) and malformations (e. g. brain tumour) or
indeed the occurrence of FNH among family members.
The development of FNH is probably caused by
increased arteriohepatic perfusion and additional local
portovenous thrombosis, resulting in nodular hyperpla-
sia of the hyperperfused parenchyma. (9, 41) Recently,
increased values of the genes angiopoietin 1 and 2 have
been reported. (50)

Morphology: FNH is usually solitary; multiple nodes of
varying sizes (up to 20 cm) are only detected in about
20% of cases. (39, 54) FNH is present predominantly in
the right liver lobe (50�60%), in individual cases also
as a pediculate tumour. There is generally no capsule.
FNH has a firm consistency. In about two thirds of
cases, strikingly large arteries can be seen supplying the
tumour. Tumours located close to the surface are red-
dish-brown to yellowish-brown in colour. (s. fig. 29.12!)
• A progressive type of FNH is a rare variant; however,
this type may recur following partial liver resection. (54)
The teleangiectatic type of FNH displays a molecular
pattern closer to that of adenomas than to FNA; there-
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fore these atypical lesions should be referred to as “tel-
eangiectatic hepatocellular adenomas”. (s. fig. 36.1)

Fig. 36.1: Focal nodular hyperplasia: sharply delineated, ochre-
coloured, non-encapsulated, nodulated lesion with star-shaped
radiating septa

� Histology: Hepatocytes are rich in glycogen. There is no lobular
structure, since portal fields and central veins are absent. However,
there are Kupffer cells as well as sinusoids with varying dilatations.
Numerous bile-duct proliferations are found, particularly within
the connective tissue septa. These findings may lead to misdiagnos-
ing “cholangiocarcinoma in cirrhosis”, since numerous, sometimes
chaotic, blood vessels are present. Connective tissue bands origi-
nating from a central scar and directed towards the periphery con-
tain biliary tract elements, numerous arteries and veins as well as
infiltrates and occasional epithelioid cell granulomas. Thick-walled
blood vessels sometimes show mucoid media degenerations. These
hypervascular septa cut off parenchymal areas of varying sizes and
form pseudoacini. The result is a wheelspoke-like structure and the
clinical picture of pseudocirrhosis. (34, 40, 48) (s. fig. 29.13!)

Diagnosis: When FNH reaches a certain size (7�10 cm
or more), upper abdominal pain upon pressure, dis-
placement effects and hepatomegaly occur, i. e. FNH
remains asymptomatic for a long period of time. La-
boratory parameters are normal. Cholestasis is a rare
finding. • Sonography shows a hypoechoic image corre-
sponding to that of the liver. Occasionally, it is possible
to identify a fibrous “vascular star” together with vessels
in a radial or circular arrangement similar to a “wheel-
spoke pattern”. This is clearly visualized by colour
Doppler sonography. (32, 42, 44, 46, 56) (s. figs. 6.14; 36.2)
CT usually shows a hypodense tumour with smooth
boundaries and short, inhomogeneous, massive en-
hancement during the arterial phase (12�25 sec), with
contrast adaptation to the neighbouring parenchyma
occurring after 45�120 sec. There may also be signs of
the central scar. Spiral CT increases diagnostic accuracy.
(34, 35, 37, 57) (s. fig. 36.3) • Following administration of
Gd-DTPA, MRI yields similar results to CT. The
fibrous vascular star appears hyperdense (T2). (42) • Due
to the phagocytosis capacity of the RES, scintigraphy
shows storage of colloids (in 70% of cases), whereby
enhanced storage is considered to be pathognomonic.
Some 30% remain “cold” due to increasing weakness of
the RES. By means of functional scintigraphy, it is pos-
sible to detect hypervascularization as well as (mild to
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Fig. 36.2: Colour-encoded Doppler sonography of FNH with
wheelspoke structure (s. fig. 6.14!)

Fig. 36.3: CT in the portal venous phase: FNH with star-shaped
scar

normal) enhancement during the parenchymal phase
and retarded excretion (� trapping) as a result of rare-
fied bile ducts, showing that the remaining liver tissue
has long been freed of 99mTc IDA (� afterstorage). Sen-
sitivity is 87%, specificity is 100%. • Angiography dis-
plays early central hypervascularization with rapid
centrifugal filling of the tortuous, wheelspoke-like ar-
rangement of arteries and delayed venous visualization.
• Clear differentiation, for instance from HCC, is often
impossible when using imaging procedures. An unclear
diagnosis calls for laparoscopy (10, 11), possibly with
refined forceps biopsy or fine-needle biopsy. (53) •
Thick-needle biopsy is contraindicated due to the risk
of bleeding (and especially since FNH does not require
histological examination as a rule).
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Complications: In 10% of cases, there is a potential risk
of vein obstruction (51) or bleeding. Occasionally, portal
hypertension develops, in some cases with pulmonary
hypertension. Spontaneous regression has been report-
ed. (49) • Malignant degeneration is extremely rare.

Treatment: Monitoring by imaging procedures suffices
in the first instance. A marked increase in size and par-
ticularly haemorrhage or rupture are indications for
embolization or surgery. (36, 38, 45)

4.3 Nodular regenerative hyperplasia
� The first description was given in 1953 by S. Ranström, who
called this condition “miliary hepatocellular adenomatosis”.
The term “nodular regenerative hyperplasia” (NRH) was intro-
duced by P. E. Steiner in 1959.

In NRH, the liver is interspersed with numerous diffuse
nodes, which are 1�3 mm in size (occasionally up to 3
cm) and yellow to yellowish brown in colour with
blurred boundaries; they consist of hyperplastic hepato-
cytes. No fibroses or perinodal connective tissue septa
are evident. The multilayered, disordered trabeculae do
not have a lobular structure. (66, 69) CD 8� cytotoxic T
cells infiltrate the acinus. The nodes lack central veins
and bile duct proliferations. The internodular paren-
chyma becomes atrophied due to pressure. It is possible
by means of reticulin staining to demonstrate the nodes
with the irregular trabeculae, whereas the altered vessels
are best shown using elastica staining. The liver surface
is smooth. (78) In the course of disease, presinusoidal,
and later sinusoidal, portal hypertension with hepato-
splenomegaly and oesophageal varices are usually
observed. (64, 65, 67) (s. fig. 36.4)

Fig. 36.4: Macroregenerative nodes in liver cirrhosis with Budd-
Chiari syndrome

Men and women are affected with the same frequency
at almost any age. Familial forms have been described.
(63) There is an association with polyarthritis, coeliac
disease (58), PSC, PBC (61), sarcoidosis, Budd-Chiari
syndrome, and collagenoses or myeloproliferative dis-
eases. A connection with thorotrast (59), immunosup-
pressives, cytostatics and contraceptives or androgens as



Benign hepatic lesions and tumours

well as with antirheumatics, arsenic, vinyl chloride and
the so-called “toxic oil syndrome” is also postulated. •
As a pathogenetic factor, disturbance of the microcircu-
lation is discussed: reduced blood perfusion can lead to
atrophy of the ischaemic acini with subsequent stimula-
tion of hyperperfused areas, resulting in nodular hyper-
plasia. (9, 41) • Occasionally, transaminases, AP and γ-
GT are increased. With the help of sonography, it is
possible to find an inhomogeneous reflex pattern in the
case of larger nodules. CT may show hypodense lesions
with peripheral-central enhancement of the contrast me-
dium. Imaging techniques can misjudge the NRH as a
micronodular cirrhosis. (62, 68) Diagnosis is confirmed
by laparoscopy (60) with forceps biopsy or 2 (�3) large
biopsy specimens. (10, 11) • As a rule, NHR progresses
slowly and has at least one stationary stage. However,
ALF has been reported in four patients. • Therapy con-
sists of treating portal hypertension (TIPS or surgical
shunt); liver transplantation may be indicated. (64)

� Partial nodular transformation: This form is charac-
terized by morphological changes similar to those
observed in NRH, but with only partial liver involve-
ment. (67) Formation of nodes is limited to the area
where the larger vessels begin, i. e. perihilar region. The
pale nodes may reach a size of up to 4 cm. Haemor-
rhage and necrosis may occur in larger nodes.

4.4 Haemangioma

Epidemiology and aetiology: F.Th. Frerichs described a
haemangioma for the first time in 1861. • With a fre-
quency of 2�8% and an incidence of 800/100,000 inhab-
itants/year, it is the most common benign tumour of the
liver and is about 40 (�100) times more frequent than
adenoma. It occurs in all ages, but is observed slightly
more often in women than in men. There is no associa-
tion with the intake of oestrogen or progesterone,
although a higher frequency has been recorded in mul-
tiparous women. Puberty, pregnancy and oestrogens
may cause an increase in tumour size. The aetiology is
unknown. Haemangiomas have also been detected in
children (81, 91); this finding suggests that these tumours
are true neoformations. There is no known malignant
degenerative tendency. Haemangiomas may become
thrombosed, fibrosed or calcified.

� Histology: Due to vascular malformation, thin-walled spaces,
which are filled with blood and lined with endothelium, develop;
they are separated by septa. The blood is thrombosed or the
thrombus becomes organized. The surrounding liver parenchyma
is unchanged. (s. fig. 36.5)

Morphology: Haemangiomas appear in solitary or (in
some 20�30% of cases) multiple form. (83) They are
usually located beneath the liver capsule and are clearly
differentiated from the parenchyma by a pseudocapsule.
Their usual size is 1�4 cm and they are found in both
liver lobes, apparently with a higher frequency in the
left lobe. It is worth mentioning that the haemangiomas
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Fig. 36.5: Cavernous haemangioma: thin-walled spaces lined with
endothelium, partially septated, filled with blood. The surrounding
parenchyma appears to be unchanged (HE)

Fig. 36.6: Grape-shaped, multi-chambered, livid bluish haeman-
gioma (right liver lobe)

Fig. 36.7: Giant (larger than a fist) cavernous haemangioma with
a smooth surface in the left liver lobe. Numerous blood vessels
and peliosis-like livid blue foci of up to 0.5 cm in size in the cap-
sule area
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situated in the right lobe are predominantly found in
the usual percutaneous biopsy area (which needs to be
taken into account in prepuncture sonography). Haem-
angiomas continue to grow due to enlargement of the
respective cavernous spaces. Laparoscopically, haeman-
giomas appear as bluish red or crimson red structures,
sometimes tuberous, usually protruding slightly beyond
the liver capsule; a multi-chambered structure is visible
in most cases. (s. fig. 36.6, 36.7) • More rarely (about
7%), voluminous tumours, which may spread over the
whole liver lobe, develop (so-called giant haemangioma:
in excess of > 10 cm). (73, 74, 77, 82, 84, 85, 92) Up to now,
only about 20 cases involving giant pedunculated forms
have been observed.

Diagnosis: Haemangiomas are usually asymptomatic
and, as a rule, discovered incidentally. Having reached a
particular size, however, they may cause upper abdom-
inal pain, nausea and inappetence. Acute pain results
from bleeding in the tumour, thrombosis or rupture.
Palpation may suggest hepatomegaly or an unusual
kind of resistance. • Laboratory values are within the
normal range. Thrombopenia and/or a reduction in
fibrinogen may be present in thrombosis. (75, 80, 87, 94)

Sonography shows a hyperechoic structure (60�70%)
with smooth boundaries, but no hypoechoic margin or
sound shadow (so-called white tumour). There may be
an efferent and an afferent vessel. As the size of the
haemangioma increases, thrombosis develops, while
connective tissue organisation and regressive liquefac-
tion become evident. Inhomogeneous and irregular
internal structures result from this, making diagnostic
classification difficult. Sensitivity is about 80%. (75, 79,
95) (s. fig. 6.15) • Computer tomography shows a hypo-
dense tumour. After intravenous bolus contrast-medium
injection, enhancement increases in a peripheral-central
direction followed by a focal globular contrast and sub-
sequently a rapid reduction of the contrast-rich zone
(“iris diaphragm phenomenon”); this occurs in ca. 60%
of cases. The haemangioma becomes isodense with the
liver parenchyma. The isodense phase may last up to 90
minutes. The sensitivity of this examination is about
90%. (90) (s. figs. 8.5, 8.9) • MRI displays a low-signal T1

time and pronounced hyperintensity in the T2-weighted
picture with well-defined margins, which means that
even haemangiomas smaller than 1.0 cm can be
detected. The “cotton wool sign” is followed by “light
bulb sign”. The heterogeneous structure points to
thrombosis, fibrosis, etc. Both the specificity and sensi-
tivity of MRI are 85�95%. (72, 95) (s. figs. 8.7; 36.8 a�c)

In the blood pool scintigram (Tc99m-marked autologous
erythrocytes), scintigraphy shows the pathognomon-
ically useful filling-in phenomenon. Activity enhance-
ment increases from the periphery towards the centre
and is detectable for several hours. By contrast, the
haemangioma remains negative both in static as well as
in liver-function scintigraphy; this is because the haem-
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Fig. 36.8: a) Adenoma (�), with additional haemangioma (a�c �
the same female patient)

b) Haemangioma ( ��) in MRI: T1-weighted axial (portovenous)
(“cotton wool sign”)

c) Haemangioma ( ��): T2-weighted (“light bulb sign”), with fat sup-
pression
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angioma possesses neither hepatocytes nor RES cells.
(70, 72, 79, 86) • Fine-needle biopsy (78) is occasionally
favoured. We consider any percutaneous biopsy, particu-
larly thick-needle biopsy, to be contraindicated because of
the risk of bleeding (it is also of little help from a diag-
nostic viewpoint, especially since better diagnostic tools
are available); moreover, we feel that there is no justifi-
cation in using exploratory laparotomy for diagnostic
purposes. • In order to obtain a definitive diagnosis,
exploratory laparoscopy is the method of choice, par-
ticularly since haemangiomas are usually situated in the
subcapsular area, which means that a “split-second
visual diagnosis” is possible (“one-second biopsy” is not
indicated!). (10, 11) (s. figs. 36.3, 36.4)

Complications: Blunt abdominal trauma increases the
risk of rupture, which can also occur spontaneously.
The mortality rate is 60�80%. (71) Large shunt volumes
may give rise to the development of cardiac insuffi-
ciency, particularly during childhood. The development
of portal hypertension has also been observed. (92)
Anaemia, thrombopenia and hypofibrinogenaemia may
occur due to the haemangioma-thrombocytopathy syn-
drome (� Kasabach-Merritt syndrome). (82)

Treatment: A ruptured haemangioma requires immedi-
ate surgical intervention; it is often necessary to ligate
the hepatic artery. Enucleation is sometimes possible.
(76, 87) Resection or arterial embolization are recom-
mended for very large and symptomatic haemangiomas.
Inoperable tumours should be reduced in size by exter-
nal irradiation or interferon-α therapy. Liver transplan-
tation is a rare indication. (88, 89, 93) • All in all, progno-
sis is good. (94)

4.5 Infantile haemangioendothelioma

This benign infantile tumour is of embryonic origin and
usually diagnosed within the first months of life,
whereby girls are twice as often affected as boys. In most
cases, capillary haemangiomas of the skin and mucosa
as well as of other organs are also in evidence. Cardiac
and vascular malformations are likewise often found.

� Morphology: Haemangioendotheliomas appear in solitary or
(seldom) multiple form and may reach a size of some 15 cm. The
unencapsulated tumour foci have blurred boundaries. They are
sponge-like and reddish brown in colour, but may become firm
and grey in bigger tumours. Vascular segments of differing width
are connected with each other and embedded in loose, cell-rich
mesenchyma. • Two histological types can be differentiated: type I
is characterized by a layer of cuboid endothelial cells, while type
II shows papillary proliferations and several layers of pleomorphic
cells (which are similar to those found in angiosarcoma). • Malig-
nant degeneration of the haemangioendothelioma is possible. (97)

Diagnosis: Hepatomegaly and an occasional systolic
vascular murmur above the tumour are clinically detect-
able. Patients suffer from anorexia, vomiting, weight
loss and lethargy. Laboratory investigation often reveals
thrombopenia, haemolytic jaundice and anaemia. Dis-

759

seminated intravascular coagulopathy (� Kasabach-
Merrit syndrome) can occur. Signs of cardiac insuffi-
ciency are present at an early stage due to arteriovenous
shunts with cardiac volume overload. Acute pain is a
sign of haemorrhage in the tumour or of a ruptured
tumour. Diagnosis is established by imaging techniques;
angiography has been widely replaced by colour Dopp-
ler sonography or angio-MR. Occasionally, laparoscopy
has also been used. (96, 98�102)

Treatment: If it is possible, elective resection is indi-
cated. (98) However, due to cardiac or (increasing)
hepatic insufficiency, invasive techniques cannot usually
be attempted. External irradiation may be used in an
effort to minimize the tumour. Ligature or embolization
of the afferent hepatic artery is sometimes indicated.
Steroid therapy has proved unsuccessful. The use of
interferon-α is a new therapeutic approach: tumour
regression is accelerated and cardiac insufficiency is
compensated. (103) Liver transplantations have also
been carried out successfully. • This infantile, benign
tumour may regress with increasing age.

4.6 Fat-containing tumours

Focal fatty changes: Circumscribed fatty foci (“yellow
spots”) were seen relatively often during laparoscopy in
the past. (14) We ourselves also observed them on many
occasions. (s. fig. 31.6) • Sonography and CT have
shown these rare benign foci to be more frequent than
previously supposed. They may occur in focal or seg-
mental form. (s. figs. 8.3, 8.4)

Lipoma: Hepatic lipoma is very rare. Research of the
literature shows that S. Young was the first to publish a
documented observation of this tumour in 1951.
Although lipomas grow slowly, they may reach a con-
siderable size. They consist of fatty tissue (adipocytes)
with a lobular structure; according to (rare) observa-
tions made to date, there is no capsule. The lipoma is
hyperechoic, which usually makes it easily identifiable
by sonography and CT. There is no evidence of vascu-
larization and no tendency towards malignant degenera-
tion. Larger lipomas should be removed surgically, par-
ticularly when they have become symptomatic. (104, 105)

Myelolipoma: This rare type of mesenchymal tumour,
which contains adipocytes and blood-forming tissue, can
grow to an enormous size (e. g. 26 x 16 x 12 cm). When
reaching a certain diameter in a specific location, it usu-
ally becomes symptomatic. It has a yellowish colour and
contains fatty tissue as well as myeloid elements. Due to
its echogenicity, the presence of this benign focus can be
demonstrated by sonography and CT. Angiography
shows a tumour that is usually avascular. Large or symp-
tomatic tumours require surgical treatment. • Definitive
diagnosis of these forms of fat-containing tumours is pro-
vided by biopsy, with thick-needle biopsy being the most
reliable technique. (106, 107)
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Angiolipoma: This benign mesenchymal tumour consists
of fatty cells and numerous blood vessels, which have a
tendency to thrombose. In general, angiolipomas occur
singly in both liver lobes.

Angiomyolipoma: The first observation of an angiomyo-
lipoma was reported by K. G. Ishak in 1976. Up to now,
about 100 cases have been published. Owing to its fat
content, this benign tumour also has a yellowish-red
colour. The largest tumour reported to date was 36 cm
in diameter. Women are mainly affected. (116, 118) The
right liver lobe is the preferred location. Fatty cells,
blood vessels and smooth muscle cells can be demon-
strated histologically. The vessels may be thick-walled
and are usually arranged in an island-like configuration.
The tumour appears as a hyperechoic focus in sonog-
raphy and as a hypodense focus in CT and MRI. (108,
117, 120, 122, 123) Hypervascularity is observed in arterio-
graphy. Multiple angiomyolipomas have been reported
(121), occasionally also in kidneys and lungs. (112) The
occurrence of spontaneous rupture (114) or disseminated
intravascular coagulopathy was reported as a rare com-
plication. Due to their vascular richness, diagnostic evi-
dence of angiolipomas and angiomyolipomas should be
obtained by fine-needle biopsy (110, 117), possibly
together with immunohistochemistry. Malignant degen-
eration has not yet been observed. (109, 111�113, 115,
116, 119)

4.7 Chondroma

To date, there has only been one single observation of a
chondroma. (124) This tumour was excessively large (19
x 15 x 9.5 cm); it was hypervascularized, had a multilob-
ular structure and did not possess a capsule. Focal calci-
fications were detectable. Chondrocyte-like cells and a
chondroid matrix were found. Such a tumour can be
visualized by imaging procedures. Laparoscopically, a
hard, nodular surface is detectable. Diagnosis can only
be confirmed histologically.

4.8 Leiomyoma

Up to now, only very few cases have been described.
These tumours also become symptomatic once they have
acquired a certain size and may grow to reach excessive
proportions in the liver (e. g. 19.5 x 12 x 12 cm). (125)

4.9 Schwannoma

Schwannoma (neurinoma) is a benign tumour originat-
ing from Schwann cells. It is very rare. (126) Recently, a
schwannoma of the bile duct causing obstructive jaun-
dice was reported. (127)

4.10 Glomangioma

Glomus organs are small a.v. anastomoses for thermo-
regulation of the extremities. Glomangiomas are there-
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fore most frequently located in the toes and fingers.
However, they are also found in the respiratory and gas-
trointestinal as well as in the genital organs. A gloman-
gioma as a benign solitary tumour in the liver was
recently reported for the first time. This smooth, well-
defined subcapsular lesion could be clarified histolog-
ically with the help of imaging-guided biopsy and later
on confirmed by evaluation of the surgically excised
tumour. (128) • Malignant transformation of glomangi-
oma is possible.

4.11 Mesenchymal hamartoma
� R. Maresch described hamartoma as a cystic tumour struc-
ture in 1903; it was termed mesenchymal hamartoma by H. A.
Edmondson in 1956.

This benign tumour is caused by faulty tissue compos-
ition of certain organs, including the liver. The tumour
is predominantly found in the right liver lobe; it grows
rapidly and progressively. This type of cystic tumour is
mainly observed within the first year of life. Boys are
more often affected than girls. In adults, mesenchymal
hamartoma is very rare. Pre-existing composition disor-
ders of the liver tissue can be stimulated into growth by
steroids. Hamartomas remain asymptomatic until
attainment of a certain size results in compressional or
displacement phenomena. In their interior, they contain
cysts filled with a yellowish, gelatinous substance. The
stroma presumably derives from the connective tissue of
the portal fields, from which the hamartoma may also
originate. Malignant degeneration has been reported.
Due to its tendency to grow, early surgical removal of
the tumour is indicated. (129�131)

4.12 Mesothelioma

Mesotheliomas of the liver are extremely rare. They
consist of parallel bundles of collagenous and reticular
fibres as well as fibroplastic and epithelial cells. (132)
The reported observation of a hepatic mesothelioma
weighing some 2,800 g remains a rarity. (133)

4.13 Fibrous tumour

A solitary fibrous tumour was first described in pleural
tissue by P. Klemperer et al. in 1931. Meanwhile, this rare
entity has been reported in various organs, with the liver
being affected in 26 cases. The tumour shows cellular
areas (consisting of bundles of spindle cells arrayed hap-
hazardly or in a storiform pattern) and relatively acellu-
lar areas (containing abundant collagen bundles). There
is evidence of cellular atypia, mitotic activity and ectatic
vessels. This tumour possesses malignant potential with
the ability to metastazise. (134)

4.14 Cysts

Liver cysts can occur in solitary or in multiple form. They
may be congenital or acquired. The reported frequency
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varies between 1% and 20%. The cysts are lined with a
layer of cuboid cells and mostly filled with fluid. They are
usually detected by chance. When cysts compress bile
ducts or vessels, they become symptomatic. (136) • In
sonography, the cyst appears as an anechoic (black) space
with well-defined margins and distal sound amplifica-
tion. (s. fig. 6.10) Haemorrhage into the cyst cavity and
debris can mimic a cystadenoma or even cystadenocarci-
noma. The presence of septa suggests a neoplastic cyst.
(136) • In computer tomography, their content can gen-
erally be determined at �0 to �15 Houndsfield units. The
i.v. administration of a contrast medium shows no evi-
dence of enhancement. (s. figs. 8.6; 36.9) • Cysts are easily
detected by magnetic resonance imaging (T1 image �
dark; T2 image � light with high signal intensity).
Laparoscopy provides a very impressive view of cysts. (s.
figs. 36.10, 36.11)

Fig. 36.9: CT with contrast medium: solitary liver cyst. (s. figs.
8.6; 36.7)

Fig. 36.10: Multiple cysts with several chambers in the area of the
right liver lobe
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Fig. 36.11: Giant (fist-sized) solitary cyst in the right liver lobe

Four types of cysts can be differentiated: (1.) dysonto-
genetic cysts, (2.) parasitic (or infectious) cysts, (3.) neo-
plastic cysts and (4.) post-traumatic cysts. The cause of
cystic neoplasms is unknown. Traumatic cysts (C.
Whipple, 1898) occur from an injured intrahepatic bile
duct after blunt abdominal trauma. (136)

� Treatment: Asymptomatic cysts do not require treatment; large
cysts which might rupture are an exception. • Symptomatic cysts
(usually > 5 cm) are generally sclerosed. Reliable sclerotherapeutic
agents include aethoxysclerol (1%), alcohol (95%) (146), minocy-
cline hydrochloride (135, 150), tetracycline hydrochloride (1 g),
and sodium chloride solution (10%). The sclerosing procedure is
successful and low in side effects. Percutaneous aspiration of the
cysts has a high relapse rate. Sclerotherapy does not prevent
relapse, since a sclerotherapeutic agent destroys the cells, but not
the cyst walls. Parasitic cysts require specific therapeutic measures.
• Under laparoscopy, cysts which prove to be problematic may be
treated reliably by fenestration (T. Y. Lin et al., 1968). (137) Surgical
procedures (e.g. cyst excision, resection, cystjejunostomy, cystent-
erostomy) are rarely indicated and involve a much higher risk.
(136, 141, 148)

4.14.1 Polycystic liver disease

The incidence is 1 : 500 to 1 : 5,000 births/100,000/per
year. The gene responsible is located on chromosome
16; often another gene located on chromosome 4 is also
involved. This autosomal dominant polycystic disease
of the liver and kidneys can occur in (1.) children and
(2.) adults (s: t � 1 : 5). The intrahepatic bile ducts are
widely dilated and lined with bile-duct epithelium. Each
liver segment may be interspersed by cysts of varying
sizes which are connected with the biliary duct system.
The cysts are surrounded by a fibrous capsule. Both the
number and size of the cysts increase in later life. Usu-
ally, polycystic degeneration of the kidneys also occurs.
(136, 149) (s. fig. 8.6) Pancreatic cysts or colonic divertic-
ulosis are less frequent. Occasionally, the cysts cover the
liver in a balloon-like manner. (s. fig. 36.12) Rupture of
large cysts may give rise to the clinical picture of acute
abdomen. Compression leads to portal hypertension,
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jaundice (139), cholestasis and leg oedema. • Renal insuf-
ficiency is also a dangerous complication.

Fig. 36.12: Polycystic liver with spheroid, balloon-like cysts in the
right liver lobe

� Treatment may be by laparoscopic or surgical fenes-
tration (137, 138, 140, 142�145), injection of alcohol (40%)
(146) or minocycline hydrochloride (135, 150), as well as
surgical management. (141) Liver transplantation is a
rare indication. (147)

4.14.2 Parasitic cysts

The cysts of Echinococcus granulosus (cysticus) (s. figs.
25.16, 25.17, 25.19) and Echinococcus multilocularis
(alveolaris) (s. fig. 25.21) are of particular clinical
importance. (see chapter 25.2.3)

4.15 Cholangiocellular tumours

4.15.1 Caroli’s disease / syndrome

� This congenital clinical picture was first described in the
form of intrahepatic stones by H. R. Vachell et al. in 1906. •
Later on, in 1958 J. Caroli et al. were able to establish the associ-
ation between characteristic congenital bile-duct alterations,
cholangitis, cholangiolithiasis and renal cyst formation. In
1964, J. Caroli et al. differentiated a particular form with simul-
taneous congenital liver fibrosis (which had already been
described by D. V. S. Kerr et al. in 1961). Both forms are autoso-
mal recessive.

Caroli’s disease is characterized by congenital, segmen-
tal dilatation of the intrahepatic bile ducts, causing bile
sludge formation and the development of gallstones.
Clinical findings include hepatomegaly, cholestasis and
subicterus as well as cholangitis with upper abdominal
pain and biochemical signs of inflammation. (152, 154)
(s. tab. 38.2) Diagnosis is by CT (151, 153) (s. pp 174,
662), hepatic arterial Doppler sonography (153) and
ERC. (s. fig. 36.13)
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Fig. 36.13: ERC findings in Caroli’s disease: mainly segmental,
sack-like dilatations of the intrahepatic bile ducts with some small-
diameter connections to the efferent bile ducts

Caroli’s syndrome is characterized by the additional
occurrence of congenital liver fibrosis. Occasionally,
fibroangiomatosis of the bile ducts is observed and
microcysts are present in the kidneys. This condition
may also lead to portal (presinusoidal) hypertension. •
Choledochal cysts, polycystic degeneration of the liver
and kidneys, Laurence-Moon-Biedl syndrome and ecta-
sia of the renal tubules have also been associated with
Caroli’s syndrome. • Apart from cholangitis and hepa-
tolithiasis, potential complications include liver abscess,
pancreatitis, amyloidosis, malignant tumours and liver
failure. • Treatment consists of biliary drainage, anti-
biotics, surgical procedures and liver transplantation.
Ursodeoxycholic acid may be used as an adjuvant.

4.15.2 Hepatobiliary cystadenoma

This rare benign tumour probably develops from con-
genital bile-duct malformations. It is found mostly in
women (> 90%), mainly after the age of 45�50 years.
The tumour grows very slowly, yet can reach a consider-
able size (5�25 cm). Cystadenomas occur as solitary,
but multilobular cystic tumours. The cysts are frequently
separated by septa. The mucous type consists of a
mucous/gelatinous, bile-coloured fluid, often containing
old blood. Occasionally, a serous type of cystadenoma
without mesenchymal stroma is found. There is evidence
of ovary-like stroma together with unilaminar bile epi-
thelium, which is folded in a polyploid or papillary
manner in places. (155) (s. fig. 36.14) The collagenic cap-
sule is rich in vessels. Surrounding the tumour, numer-
ous abnormal bile ducts and arterial vascular clusters
are evident. • Cholestasis or even obstructive jaundice
develops. (156) Diagnosis of this cystic lesion (mainly in
the right lobe) is by imaging techniques. Differential
diagnosis may be extremely difficult (and is often only
possible by means of surgery). • Due to the tendency of
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cystadenoma towards malignant degeneration, resection
should be carried out as soon as possible. (157�160)

Fig. 36.14: Hepatobiliary cystadenoma with ovary-like stroma
(HE)

Bile-duct adenomas are rare. Usually, they are solitary
and < 2 cm in size. This type of adenoma is more often
detected in men than in women (3 :1) and it occurs in
patients mainly over the age of 50. It is nearly always
localized beneath the liver capsule. This adenoma has
the form of a firm, whitish node and consists of bile-
duct proliferations. It contains biliary acini and tubules
which are lined with a layer of cuboid epithelium within
loose fibrous, partially hyaline stroma. There is evidence
of mononuclear inflammatory cells and, occasionally,
lymph follicles. It is discussed that such biliary adeno-
mas are peribiliary gland hamartomas. (162) There are
no clinical or biochemical abnormalities, nor is there
any tendency towards malignant degeneration. (161, 163)

Bile-duct papillomatosis is another very rare finding (up
to now about 50 cases have been reported) which occurs
mainly in elderly women. There are papillomatous pro-
liferations in both intrahepatic and extrahepatic bile
ducts. Clinically, it is characterized by recurrent epi-
sodes of jaundice and cholestasis as well as ascending
cholangitis and haemobilia. The bile ducts can be
dilated; their wall surface is irregular. The course of dis-
ease is progredient; the prognosis is poor. Recently,
encouraging results have been reported following intra-
luminal iridium192 therapy (165) and liver transplanta-
tion (164). Malignant degeneration into cholangiocarci-
noma is possible.

4.15.3 Biliary hamartoma

Benign biliary microhamartomas (� Meyenburg’s com-
plex) were described by H. von Meyenburg in 1918. They
consist of small cysts developing from dilatations of the
small (interlobular) bile ducts and are surrounded by
fibrous stroma. The cysts are remnants of ductal plate
malformations. Occasionally, typical ductal plates can
also be detected. The hamartomas can reach a diameter
of up to 0.5 (�1.0) cm. (s. fig. 32.18) Macroscopically,
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they appear as firm, greyish-white nodules which are
clearly delineated from the liver parenchyma. Subcapsu-
lar nodules may also be detected by laparoscopy. (168)
They are sometimes misinterpreted as small metastases.
Here, MRI is of great diagnostic value. (167) • Micro-
hamartomas are often associated with malformations of
the small branches of the portal veins. They may repre-
sent a transition to the autosomal dominant form of
polycystic degeneration. These tumours have a tendency
to develop into cholangiocarcinoma. (166�169)

4.16 Abscesses

Depending on their cause, liver abscesses are classified as
(1.) pyogenic or (2.) parasitic. This factor largely deter-
mines differential diagnosis, diagnosis and therapy. Fresh
abscesses usually have blurred margins; following consol-
idation, they have a round to elliptical form. Evidence of
gas bubbles is seen as pathognomonic. The abscesses are
generally hypoechoic and hypodense. (see chapter 27!)

4.17 Hepatic lymphangioma

This rare, congenital benign tumour consists of
multiple, small (1�4 mm in diameter) dilations of intra-
hepatic lymph vessels, which communicate with each
other. They contain chylous fluid. Mostly, there are lym-
phangiomas in other organs as well. (170)

4.18 Peliosis hepatis

Peliosis hepatis may be caused by various kinds of medi-
cation (173) or chemical agents and is associated with
numerous diseases (of a viral, bacterial, parasitic or
metabolic nature). Its aetiopathogenesis is unknown. It
has also been detected in small children. (172, 174) Histo-
logically, there are spaces lined with endothelium corres-
ponding to dilated sinusoids and Disse’s spaces. They
are filled with blood (so-called “globoid bleeding”).
Their size varies from 0.5�2.0 mm and can even reach
> 1 cm. The hepatocytes and venules are unchanged. (s.
p. 398!) (s. figs. 21.8; 36.15)

Fig. 36.15: Peliosis hepatis: non-endothelialized cavernous blood-
filled cavities surrounded by hepatocellular trabeculae (s. fig. 21.8)
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Clinical findings include fever, abdominal pain and hep-
atomegaly. Laboratory values reveal occasional sub-
icterus and elevated transaminases. (172) Imaging pro-
cedures often yield no findings or merely uncharacter-
istic changes. (171) Definitive results are obtained by
laparoscopy (175): characteristic foci of a livid-reddish to
dark-blue colour are found, mostly rounded and sub-
capsular, often with net-like confluence. The findings
are so typical and distinctive that histological examina-
tion is no longer necessary; however, biopsy may be jus-
tified under visual control. The most important compli-
cations are haemorrhages and, especially following
trauma, rupture of the liver capsule with bleeding into
the abdominal cavity. (171, 172)

4.19 Granulomas

It is generally not possible to detect granulomas by
means of imaging procedures. When the foci are densely
grouped, it is possible to see an inhomogeneous reflex
pattern during sonography and a variable pattern in the
CT scan. The causes are manifold and vary greatly. (s.
tab. 21.1) • Diagnosis is facilitated by laparoscopy and
forceps biopsy, provided the foci are located on the sur-
face (which is mostly the case). If the surface is free of
foci, multiple biopsies from both liver lobes done under
laparoscopy generally yield reliable results. (s. p. 398) (s.
figs. 21.9, 21.10; 24.14; 29.6; 38.5)

4.19.1 Sarcoidosis

� A cutaneous form of sarcoidosis (“Mortimer’s disease”), first
described by A. Hutchinson in 1877, was observed in further
courses of disease by E. Besnier (“lupus pernio”) and C. P.
Moeller-Boeck (“sarcoidosis”, “miliary lupoid”) in 1899. In
1917 these single findings were synthesized by J. Schaumann.
Various terms, such as Besnier-Boeck-Schaumann disease,
benign lymphogranulomatosis or Boeck’s disease, have been
used in the past to describe this condition. However, the term
sarcoidosis has gained more and more acceptance.

Sarcoidosis is a primary multisystemic, granuloma-
tous disease of (still) unknown aetiology with
enhanced immunity at the site of manifestation. The
lungs and the intrathoracic lymph nodes are nearly
always affected. In many cases, the extrathoracic
organs are involved as well. Sarcoidosis is charac-
terized by the presence of epithelioid cell granulomas,
which do not show caseous changes.

Frequency: Men and women are affected with the same
frequency. Manifestation mainly occurs between the
ages of 20 to 40, predominantly in winter. The incidence
is highest in Scandinavian countries, the USA and Japan
(always with considerable regional variations) at 5�40/
100,000 inhabitants/year.

Localization: Based on X-ray findings, intrathoracic sar-
coidosis can be divided into four stages: 0, I�III. • The
extrathoracic manifestation of sarcoidosis affects the
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lymphatic system and bone marrow as well as the bones,
skin, eyes, lacrimal and salivary glands, urogenital sys-
tem, musculature, nervous system and endocrine glands.
Extrathoracic manifestations without radiologically
demonstrated thoracic findings are rare. At least two
organs must exhibit granulomas to substantiate the
diagnosis of sarcoidosis.

Aetiopathogenesis: For a long time, mycobacteria were
already considered to be the cause of sarcoidosis. Re-
cently, this hypothesis was reinforced when mycobacterial
DNA and RNA were found in sarcoidosis tissue (H.H. Pop-

per et al., 1994) and the presence of acid-fast L forms was
detected in patients’ blood (P.L. Almenoff et al., 1996).

� Since 1964, our study group, consisting of L. Mandi

et al. (Debrecen/Hungary) and E. Kuntz, has been
intensively involved in investigating the striking
regional differences in sarcoidosis. We postulated an
immune reaction � with a genetic disposition �
against a mycobacterial substrate. • Among other
things, we found Ziehl-Neelsen positivity of pollen
obtained from numerous trees and plants. A high cor-
respondence of sarcoidosis frequency with certain ZN-
positive pollen locations became obvious as we cata-
logued our findings. This might also explain familial
aggregation as a result of similar exogenous exposure. •
Injection of ZN-positive pollen, embedded in paraffin,
into the testicles of guinea pigs resulted in the dissemi-
nation of histological findings fully corresponding to
sarcoidosis. By contrast, ZN-negative pollen did not
elicit this reaction in animal experiments.

Liver: The liver is involved in sarcoidosis in 60�80% of
cases. Initially, loosely concentrated epithelioid cells are
found which combine to form small epithelioid granulo-
mas mainly in the portal and periportal area. These
small granulomas may join together and form conglom-
erates up to the size of lentils. Within the epithelioid cell
granulomas, there is evidence of one or more Langhans’
giant cells, which are rich in the angiotensin-converting
enzyme. Epithelioid cells and giant cells release α1-anti-
trypsin and lysozymes as well as other substances; epi-
thelioid cells also release interleukin-I. Within the giant
cells (displaying a rosette-like arrangement of nuclei),
asteroid bodies (5�20 µm) resembling a sea anemone are
often found. Moreover, there is evidence of Schaumann
bodies (25�200 µm) (more frequently in lymph nodes
than in the liver) and small vesicles. • Inflammatory cel-
lulation is low: it consists of eosinophils, T lymphocytes
(CD4�) and plasma cells. Granulomas may increase in
size, but may also heal by way of fibrosis. • Chronic
cholestasis (ductopenia, cholate stasis, copper storage)
as well as the histological picture of PBC (or less fre-
quently of PSC) can be found in 50�60% of cases. (quot:
179) • This would suggest a connection with the mycotoxin
theory of PBC (E. KUNTZ, 1984), whereby molecular
mimicry (M. E. GERSHWIN, 1991) is of potentially pathoge-
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netic significance in sarcoidosis as well. (s. p. 643) • Pro-
nounced fibrosis leads to portal hypertension. Formation
of NRH was evident in 9% and cirrhosis in 6% of cases.

Clinical findings: Usually, there are no subjective com-
plaints. As the lungs become increasingly affected,
fatigue and (exercise-related) dyspnoea may occur.
Extrathoracic manifestations can cause corresponding
symptoms. Hepato(spleno)megaly is observed in 5�10%
of cases. In an acute stage, polyarthralgia, erythema
nodosum and fever are generally found. Kveim’s test is
positive, while the BCG test is clearly reduced or nega-
tive. (176, 177, 180, 181)

Biochemistry: In most cases, eosinophilia and mono-
cytosis are present in leukopenia and lymphopenia.
BSR and CRP are normal or only slightly elevated. The
γ-globulins may be increased. Cholestasis is often
found, whereas jaundice is rare. Hypercalcaemia is a
striking feature; occasionally there is evidence of aug-
mented ACE and lysozymes in the serum.

Histology: The most reliable method of obtaining the
slightly prominent, whitish granulomas on the liver sur-
face, the size of a pin-head up to a lentil (so-called fly
agaric liver), is by laparoscopy and forceps biopsy ; other-
wise, thick-needle biopsies can be performed on suspi-
cious areas of the right and left liver lobe. The diagnos-
tic accuracy of this procedure is more than 98%, while
that of percutaneous liver biopsy is only 30�70%. (s.
figs. 21.9, 21.10) (s. p. 398) • Fibreoptic bronchoscopy
used for taking mucosa samples also facilitates histo-
logical diagnosis.

Imaging procedures: Enlargement of abdominal lymph
nodes can occasionally be detected by sonography, CT
or MRI. (180) The liver may exhibit an inhomogeneous
reflex pattern due to fibrosis.

Treatment: Intrathoracic sarcoidosis has a high rate of
spontaneous remission with possible fibrosis residues.
• Extrathoracic manifestations may cause considerable
symptoms and secondary disorders, depending on the
organs affected. This is also true of the liver. Treatment
consists of monitored waiting and administration of
glucocorticoids (usually as long-term therapy). Liver
transplantation is necessary in some cases.

4.20 Inflammatory pseudotumour

The synonyms used for inflammatory pseudotumour
include myofibroblastic inflammatory tumour, histiocy-
toma, pseudolymphoma, fibroxanthoma and plasma
cell granuloma. This condition was first described by
G.T. Pack et al. in 1953. It is a rare type of tumour (about
100 reports so far) which can occur at any age (but
mainly between 30 and 40), with men being affected
three times more often than women. The tumour mostly
affects the liver (90%), but also numerous other organs
(lung, stomach, parotis, pleura, ovaries, thyroid gland,
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lacrimal glands, etc.). A tumour size of up to 25 cm has
been reported. Its pathogenesis is not clear. Bacterial
and viral infections (e. g. EBV) are discussed as possible
trigger factors. An association with systemic inflamma-
tory diseases, e. g. Crohn’s disease (183), has been
reported.

Histology: There are obvious fusiform cells, foamy his-
tiocytes, plasma cells and lymphocytes, but no irregular
mitosis. Extensive connective tissue may occasionally
form incomplete capsular boundaries. The pseudotu-
mour is vascularized despite the presence of numerous
obliterated vessels. (185) The bile ducts exhibit inflam-
matory alterations. Fatty degeneration and occasional
central necrosis as well as bleeding are evident. This
gives rise to simulated HCC. Malignant degeneration is
rare. (184) • The main symptoms include fever, epigastric
pain, weight loss, elevated transaminases, inflammatory
laboratory parameters, cholestasis and increased
gamma globulins. (182, 185�187) Sonographically, a
hypoechoic space-occupying lesion can be seen. In CT,
the tumour is hypodense with a blurred margin;
following CM application, it shows mild, heterogeneous
and delayed enhancement. MRI displays low signal
intensity in T1 images and significant signal enhance-
ment in T2 images. Occasionally, a thick hyperintensive
periphery is present.

Treatment: Spontaneous retrogression is rare. The
administration of prednisolone and antibiotics has been
used with controversial results. In general, there is an
indication for surgical resection, which is deemed a suc-
cessful method of treatment.

4.21 Calcareous foci

Calcareous foci in the liver are detected incidentally in
X-ray or sonographic examination of the abdomen. It
may be quite difficult to identify their aetiology as calci-
fication can be observed in numerous diseases. Diagnos-
tic clarification often has no prognostic or therapeutic
implications. However, in many cases, the irrelevance of
such a diagnosis can only be determined retrospectively
after numerous examinations (imaging procedures,
laparoscopy with targeted biopsy) have been carried
out. (190, 192) Different calcified foci, such as calcified
vipoma (189), calcified metastasis (s. figs. 37.24, 37.25),
microlithiasis in cystic fibrosis (191) or calcification of
the hepatic artery (193), are rare observations. Calcifica-
tion of an echinococcus cyst is the most common type
of calcareous focus. (s. fig. 25.18) (s. tab. 36.4)

A so-called porcelain liver should be clarified by dif-
ferential diagnosis. (188) This condition is characterized
by focal calcareous deposits in the liver capsule, which
can be detected by X-ray examination as well as by
sonography and CT. It may be caused by phleboliths,
pseudolipoma, histoplasmosis, calcified larvae, small
capsule haematomas, small abscesses, etc.
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Calcification of benign lesions

Aneurysm of the hepatic artery
Arteriovenous fistula
Calcification of the hepatic artery
Cavernous haemangioma
Echinococcus cysts (s. fig. 25.18)
Granulomas: histoplasmosis, brucellosis, tuberculosis
Gumma (hepar lobatum)
Haemangiomatosis
Haematoma
Haemochromatosis
Intrahepatic bile-duct calculus
Intrahepatic dislocated staghorn calculus (s. fig. 36.13)
Liver abscess
Microlithiasis in cystic fibrosis
Portal vein thrombosis
Posttraumatic cysts

Calcification of malignant tumours

• Primary liver tumours
• Metastases

� vipoma
� ovarian cystadenocarcinoma
� gastric or colon carcinoma (s. fig. 37.15!)

Porcelain liver

Tab. 36.4: Calcification of benign and malignant liver foci

� A case involving an unusual calcification of tremen-
dous size in the right liver lobe was the subject of much
speculation. It was not until laparotomy was carried out
that this case was resolved (s. fig. 36.16):

What was discovered was a monstrous gall-bladder stag-
horn calculus which had migrated to and become embed-
ded in the liver parenchyma. In order to be removed, it
had to be cut into four parts (which are well-preserved
and still at our disposal). With a length of 12 cm, a diam-
eter of 4�5 cm and a dry weight (!) of some 120 g, it
may well be the largest gallstone ever reported. • Our
investigations of the literature revealed a previous maxi-
mum weight of 110 g (published in 1917). (s. p. 736, foot-
note*): E. Kuntz)

Fig. 36.16: Giant gall-bladder staghorn calculus, dislocated into
the right liver lobe and embedded in the parenchyma. (Probably
the largest gallstone reported to date: 12 x 5 cm, 120 g dry weight)
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5 Surgical treatment

Most benign tumours are asymptomatic and do not
require surgical intervention. A smaller group of benign
liver foci are treated conservatively or require interven-
tional treatment. • Other tumours are difficult to dif-
ferentiate as either benign or malignant, or they tend
towards malignant degeneration and should be removed
surgically in any case. Surgery is indicated in unresolved
findings, or when the tumour begins to increase in size
with secondary compressional effects, or when there are
any complications. Postoperative morbidity is low with
negligible mortality; life expectancy and quality of life
are not compromised.

1. Ligature or embolization of the hepatic artery
� in acute bleeding
� in angiomatosis with large, functionally effective arterio-

venous shunts

2. Atypical liver resection, enucleation, local tumour excision
(without liver hilus preparation)
� method of choice and relative indication in clearly benign

hepatic tumours showing symptoms and a clear increase
in size of tumour (haemangioma, FNH, lipoma, etc.)

3. Anatomical, segment-oriented liver resection
(including liver hilus preparation in most cases)
� necessary in unresolved or ambiguous hepatic tumours

(e.g. suspected adenoma) as absolute indication due to
risk of malignancy and in complications (e.g. haemor-
rhage, rupture). The aim is radical removal of the tumour
with a sufficient safety margin (as in malignant tumours)

4. Partial/total vascular ligation
� useful additional technique for better intraoperative con-

trol of haemorrhage and haemostasis, particularly sui-
table for well-vascularized tumours or those close to the
inferior vena cava

5. Various modifications of in/ante/ex situ resection
� relatively rare techniques which may, however, be useful

(with additional protection of the liver and possible auto-
transplantation) for improving technical resectability
when the size or location of the tumour presents prob-
lems (e.g. confluence of the hepatic veins)

6. Hepatectomy and allogenic liver transplantation
� exceptional techniques applied in multiple tumours, dif-

fuse changes (e.g. haemangiomatosis) or concomitant
liver diseases often of a metabolic nature (e.g. glycogen-
osis). Radical oncological treatment for eliminating the
risk of malignant tumour development

Tab. 36.5: Surgical treatment options for benign hepatic tumours
(according to B. Ringe et al., 1997) (197)

It is important that the preoperative examination is car-
ried out meticulously and that the tumour can be ade-
quately assessed by imaging techniques regarding its
intrahepatic location, size, extent and segmental affili-
ation. When participation of vascular or biliary struc-
tures or involvement of extrahepatic organs is suspected,
additional investigations are called for. • The hepato-
logical status is determined as follows: enzymatic and
mesenchymal activities, cholestasis and jaundice, func-
tional test values (e. g. cholinesterase, albumin, coagula-
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tion status, indocyanine-green test, galactose elimin-
ation capacity). • The surgical strategy is chosen in
accordance with the tumour type and any additional
individual factors. Atypical resection, enucleation or
excisional separation of the local tumour are considered
to be less invasive and therefore less inconvenient for
the patient. (194�198) (s. tab. 36.5)
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37 Malignant liver tumours

1 Historical review
� C. A. Rokitansky (1849) was probably the first author to refer to
primary liver carcinoma as an independent disease. Until then,
the problem had been to accept the existence of both primary
and secondary (metastatic) liver tumours and to differentiate
between them histologically. • In 1854 E. Noeggerath described
a congenital hepatic carcinoma as being a mechanical obstetric
obstacle. In 1859 T. Billroth reported the presence of hepatic
metastases from a cylindroma. A. Kelsch and B. L. Kliener pre-
sented the first case reports of a primary liver tumour in 1876.
C. Sabourin (1881) made significant histological progress by dif-
ferentiating between hepatocellular and cholangiocellular carci-
nomas. He reported on four more patients suffering from pri-
mary hepatic carcinoma and coined the term “hepatoma”.
J. A. P. Price (1883) described the development of carcinoma from
cirrhosis, which led to the introduction of the term “cirrhosis
hepatis carcinomatosa”. V. C. Hanot et al. (1888) attempted to dif-
ferentiate liver tumours according to macroscopic and micro-
scopic criteria. • H. Eggel (1901) confirmed the association
between cirrhosis and liver carcinoma, actually finding cirrhosis
in 85% of all liver carcinomas. He distinguished carcinomas
according to nodular, massive or diffuse growth, evaluating all
cases that had been published since 1865. (5) Primary cystade-
nocarcinoma of the liver was differentiated for the first time in
1909 (P. Bascho). To our knowledge, the first right-sided lobec-
tomy for hepatic carcinoma was carried out in 1911 (W. Wen-

del). • In 1932 T. Yoshida succeeded in creating a hepatocellular
carcinoma in animal experiments by using o-amidoazotoluol:
this marks the beginning of the search for chemotoxicological
causes. M. M. Steiner (1938) wrote a detailed report on primary
liver carcinoma in children. (239) L. Lisa et al. (1942) observed
that metastases were rarely found in a cirrhotic liver. In 1952
C. Berman presented an overview of about 2,000 cases of pri-
mary liver cell carcinoma which had been reported up to that
time. • In 1950 G. M. Findlay postulated an association with
chronic viral hepatitis, which he had detected in his epidemio-
logic examination of soldiers stationed in regions south of the
Sahara desert, a finding that was also reported by M. Payet et
al. in 1956. This supposition was confirmed when the hepatitis
B virus was discovered (J. B. Smith et al., 1965; S. Sherlock et al.,
1970). (4, 13, 151)

2 Classification

2.1 Systematization

Malignant liver tumours may be grouped as follows: (1.)
primary forms, i. e. originating in the liver (s. figs. 29.14;
30.2; 37.1, 37.7, 37.8), (2.) secondary forms, i. e. arising
from metastases (s. figs. 37.2, 37.16, 37.17, 37.21,
37.28�30), and (3.) extrahepatic tumours infiltrating
the liver from the outside (e. g. gall-bladder carcinoma).
(s. fig. 37.3)

Primary liver tumours originate in principle from all his-
togenetic cell elements found in the liver: hepatocytes,
bile-duct epithelia, periductal biliary glands, neuroendo-
crine cells and mesodermal structures (such as endothe-
lial cells, Ito cells, Kupffer cells) as well as fibroblasts,
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Fig. 37.1: Grey-coloured, medium-coarse tubercular cirrhosis in
haemochromatosis with hepatocellular carcinoma: in the fore-
ground, white, flat tumour granuloma of the right hepatic lobe with
vascularization at the tumour margin and small “cancer umbilicus”;
in the background, two additional tumour granulomas. Carcinomas
infiltrating the peritoneal serosa in the right upper abdomen

Fig. 37.2: Liver metastases in the right hepatic lobe in breast
cancer with pronounced chaotic vascularization. Dissipated light
reflex due to tumourous tubercles on the surface

nerve cells and muscle cells. However, they may also
occur as mixed forms. In rare cases, ectopic tissue in the
liver may be the starting point for malignant tumours.
(s. tab. 37.1)

Primary liver tumours can be categorized according to
macroscopic criteria. The solitary coarse-granulomatous
type is predominantly found in the right lobe, while the
nodular multi-granulomatous type is most common in
cirrhosis. The diffuse infiltrative type is relatively rare
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Fig. 37.3: Gall-bladder carcinoma subsequent to cholelithiasis with
chronic cholecystitis and shrunken gall bladder. Bulbous carci-
noma infiltrating the right lobe of liver

Primary liver tumours

Epithelial tumours
1. Hepatocellular tumour

� spindle-cell HCC
� fibrolamellar carcinoma

2. Cholangiocellular tumour
� mucoepidermoid carcinoma

3. Combined HCC/ CCC
4. Biliary cystadenocarcinoma
5. Hepatoblastoma

Mesenchymal tumours
1. Embryonal sarcoma
2. Malignant epithelioid haemangioendothelioma
3. Angiosarcoma
4. Leiomyosarcoma
5. Rhabdomyosarcoma
6. Fibrosarcoma
7. Fibrous histiocytoma
8. Malignant schwannoma
9. Hepatic liposarcoma

10. Hepatic osteosarcoma

Malignant lymphoma
Neuroendocrine tumours
1. Hepatic gastrinoma
2. Hepatic carcinoid

Mixed tumours
1. Mixed liver tumour
2. Carcinosarcoma

Secondary liver tumours

1. Metastases
2. External infiltration

Tab. 37.1: Systematization of primary and secondary malignant
liver tumours

(5�10% of cases). A combined type is observed on occa-
sions. The right lobe is affected seven times more fre-
quently than the left lobe. Some 3�5% of malignant liver
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tumours are of primary origin. • In contrast, 95�97% of
all malignant liver tumours are assumed to be secondary
liver tumours, so-called liver metastases. (s. tab. 37.1)

2.2 TNM staging system

In medical letters/reports, an identified tumour is (cor-
rectly) classified according to the so-called TNM stag-
ing system. In this process, unclear or even incorrect
interpretations are sometimes given either due to incon-
sistent use of the terminology or lack of sufficient
experience with this kind of classification. Thus it is
appropriate to explain this system with interpretations.
The anatomical spread of malignant liver tumours is
also described according to the TNM staging system. It
is extremely important to assess the histologically verifi-
able invasion of vessels in the preparation as well as to
clarify the question of whether the resected tissue still
contains tumourous foci. (s. tab. 37.2)

�T Primary tumour
Tis Preinvasive carcinoma (carcinoma in situ)
T1�T4 Size and/or local extension of the primary tumour
T1 Solitary node <2 cm, no vascular invasion
T2 Solitary node <2 cm, with vascular invasion

or
Multiple nodes, limited to one lobe, no node >2 cm,
no vascular invasion
or
Solitary node >2 cm, no vascular invasion

T3 Solitary node >2 cm, with vascular invasion
or
Multiple nodes, limited to one lobe, each < 2 cm, with
vascular invasion
or
Multiple nodes, limited to one liver lobe, one node
>2 cm, with or without vascular invasion

T4 Multiple nodes in more than one liver lobe or a
tumour affecting a larger branch of the portal or
hepatic vein

Tx Minimum requirements for determining the locus or
the degree of extension of the primary tumour are
not fulfilled

�N Regional lymph nodes
N0 No regional lymph node metastases
N1 Homolateral lymph nodes affected
N2 Bilateral or contralateral lymph nodes affected, or

regional lymph nodes almost grown together
N3 Lymph nodes grown together and/or extended
Nx No assessment possible

�M Distant metastases
M0 No distant metastases
M1 Distant metastases
Mx No assessment possible

Tab. 37.2: Pretherapeutic/preoperative TNM staging of malignant
tumours (Tumour/Nodules/Metastases). In postoperative morpho-
logic TNM staging, T, N and M are preceded by the letter “p”

This TNM staging system comprises the following
stages with a respective survival time of 3 years after
resection of HCC:
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stage I � T1 No Mo (83%) stage IV A T4 N, Mo (10�25%)
stage II � T2 No Mo (70�75%) stage IV B T, N, M1
stage III A � T3 No Mo (45�50%)
stage III B � T1 N1 Mo (20�40%)

3 Hepatocellular carcinoma

3.1 Definition

Hepatocellular carcinoma (HCC) originates in the
hepatocytes; consequently, HCC resembles liver
parenchyma in morphology. It may present as highly
differentiated, moderately differentiated or undif-
ferentiated (anaplastic). The most common (and
basic) structure is the trabecular localization of
tumour cells around sinusoidal vessels. • Clinically,
HCC is considered to be an extremely malignant,
rapidly progressing form. Therapeutic measures still
remain limited.

3.2 Epidemiology and frequency

HCC is one of the most common malignant primary
liver tumours worldwide. Of all malignant tumours, it
ranks fifth in frequency in men and eighth in women
(s � 6%, t � 3%). Between 500,000 and one million
new cases are reported each year. The annual mortality
rate is virtually the same as its annual incidence. Its geo-
graphical distribution varies greatly and correlates
almost 100 per cent with the regional incidence rates of
HBV and HCV infection. There are areas showing low
incidence with < 5/100,000 inhabitants/year (e. g. Scan-
dinavia, Australia, USA., Central Europe), moderate in-
cidence with 5�20/100,000 inhabitants/year (e. g. East/
South-East Europe, Mediterranean region) and high
incidence with 20�150/100,000 inhabitants/year (e. g.
Asia, Africa).

During the course of the 20th century, the statistical fre-
quency of HCC rose constantly � owing to an increase
in autopsies and improvements in diagnostic pro-
cedures. • In 1910, for example, autopsy records showed
HCC in only 0.04% of cases; in 1930 the figure was
0.13%, in 1960 0.23%, and in 1970 0.6�0.8%. In 1986
the frequency of HCC was given at about 1% of cases
based on autopsy findings. The ratio of HCC to liver
metastases is about 1 : 50.

HCC affects persons of all age groups. In Asian and
African countries, the morbidity peak is reached in ado-
lescence or between the ages of 20 and 40 years, corres-
ponding to predominantly perinatal or postnatal infec-
tion with hepatitis viruses. In countries with a low
incidence, the morbidity peak is between the ages of
50�60 years. • HCC has also been observed in babies
and infants.
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The HCC gender ratio between men and women is
about 3 : 1, but up to 8 : 1 in countries with a high inci-
dence. In a cirrhosis-free liver, however, men and women
are affected by HCC at the same rate, i. e. the gender
ratio of cirrhosis seems to determine the ratio of HCC
as well. Androgens are thought to be of aetiopathogene-
tic significance, since carcinoma cells have been shown
to carry androgen receptors which display qualities
favouring growth, and a carcino-protective effect was
observed in animal experiments when androgen was
withdrawn. Sex hormones appear to be so-called cocar-
cinogens. (24, 44, 48, 83)

3.3 Risk factors and causes
Animal experiments: A considerable number of chemical agents
have proved to be directly carcinogenic in animal experiments. This
is most likely to apply to humans as well (but as yet no supporting
evidence has been presented). Both a linear dosage-effect relation-
ship and a respective time-exposure relationship can be observed:
the higher the dosage and the longer the exposure, the greater is
the likelihood of carcinoma formation. Carcinomatous degenera-
tion occurs predominantly in epithelial or mesenchymal tissues. (s.
tab. 37.3)

Azo-compounds
1. 2,2-azonaphthalin
2. 2,2-diamino-1,1-naphthyl
3. m-methyl-p-dimethylaminoazobenzene
4. o-aminoazotoluene
5. p-aminoazobenzene
6. p-dimethylaminoazobenzene (butter yellow)
7. p-monomethylaminobenzene

Hydrocarbon compounds
1. 2-aminofluorene 7. Acetylaminofluorene
2. 4-aminostilben 8. Carbon tetrachloride
3. 2-anthramine 9. Ethylurethane
4. 1,2-benzanthracene 10. Methylcholanthrene
5. 1,2,5,6-dibenzanthracene 11. Thioacetamide
6. 3,4,5,6-dibenzkarbazole

Tab. 37.3: Chemical substances displaying carcinogenicity, as has
been demonstrated in experiments or is very probable

The figures and observations relating to the epidemi-
ology and frequency of HCC are almost exclusively the
result of individual or combined risk factors. The extent
of risk regarding HCC correlates with (1.) aetiology, (2.)
duration, and (3.) inflammatory activity of the liver dis-
ease. In 10�15% of patients, no risk factor could actu-
ally be determined in the development of HCC. (s. tab.
37.4)

Genetic mechanisms: A genetic disposition is suspected
in HCC, as in other malignant tumours. Some 22% of
patients suffering from HCC had other organ tumours
as well. (135) • Several hereditary metabolic diseases, with
or without cirrhosis, may increase the risk of HCC con-
siderably. These include tyrosinaemia (type I), glycogen-
osis (type I), alpha1-antitrypsin deficiency, galactos-
aemia, porphyria cutanea tarda, acute intermittent
porphyria and idiopathic haemochromatosis. Patients
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1. Hepatitis viruses
HBV, HCV

2. Liver diseases
Chronic hepatitis
Cirrhosis
NASH

3. Mycotoxins or phytotoxins
Aflatoxin (49, 110, 174) Microcystin
Cycasin Ochratoxin
Luteoskyrin Safrol
Maltrozym

4. Nutrition, social drugs
Alcohol (159, 163) Ethionine surplus
Betel quid chewing (168) Tobacco smoke
B6 and choline deficiency

5. Metabolic diseases
alpha1-antitrypsin deficiency (50)
Colon polyposis
Galactosaemia
Glycogenosis (type I) (39, 103)
Haemochromatosis (27)
Neurofibromatosis
Porphyria (54)
Tyrosinaemia (type I) (171)

6. Chemical agents
Alkylating substances Nitrose compounds
Aromatic amines Vinyl chloride (148)
Azo-compounds etc.

7. Inorganic substances
Arsenic, asbestos,
Cadmium, chromium,
Lead, manganese, nickel

8. Medication
Androgens, anabolics Methotrexate
Contraceptives (53, 169) Methyldopa
Cyproterone acetate

9. Ionizing radiation
Thorium (55, 73)
X-rays

Tab. 37.4: Risk factors (carcinogens and cocarcinogens) regarding
hepatocellular carcinoma, which have already been proved (in-
cluding some references) (s. tabs. 29.10; 37.3)

with diabetes mellitus and obesity (29, 65) also have a
higher risk of developing hepatocellular carcinoma. •
HCC has only rarely been associated with Wilson’s dis-
ease; copper seems to have a carcino-protective effect.
(172) (s. tab. 37.4)

Chemicals: A number of chemicals can cause malignant
hepatic tumours, including HCC, both in animal experi-
ments and in the everyday life of humans. These include
vinyl chloride, aromatic amines, nitrogen compounds,
polycyclic aromatic hydrocarbons and alkylating sub-
stances. Similarly, mycotoxins and phytotoxins (afla-
toxin, cycasin, ochratoxin, safrol, etc.), betel quid chew-
ing as well as inorganic substances (arsenic, asbestos,
cadmium, chromium, etc.) can have a carcinogenic
effect. In addition, substances emitting ionizing radia-
tion must be mentioned in this context. (s. tab. 37.4)

Medication: The aetiological relationship between the
intake of certain types of medication and the develop-
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ment of HCC is well known. These include methotrex-
ate, methyldopa, androgens/anabolic steroids, oestrogen
derivatives/oral contraceptives and cyproterone acetate.
(s. tabs. 29.9; 37.4)

Alcohol and tobacco: Alcohol is considered to be a
cocarcinogen, i. e. it requires additional noxae (e. g.
tobacco smoke, aflatoxin) to be able to induce HCC as
a carcinogen. The combined effects of alcohol and afla-
toxin result in a 35-fold increase in carcinogenicity. Afla-
toxin may cause a specific type of mutation within the
tumour suppressor gene p53 and thus trigger initiation
(i. e. the first step in the development of a tumour). The
risk of HCC developing with underlying alcoholic cir-
rhosis is about 15% or 22.6% (i. e. there is approximately
a 4-fold increase in the HCC risk); abstention from alco-
hol does not lower the risk of HCC significantly. (159,
163)

Hepatitis viruses: In chronic infections, HBV DNA may
become integrated into the genetic material of the hepa-
tocytes; this has a strong, time-dependent carcinogenic
effect. Alcohol speeds up the incorporation of viral
DNA into the host genome. HBV carriers (those suffer-
ing from liver disease as well as healthy persons) have
an HCC risk which is 200 times higher than that of
other people. Integration of viral DNA into the tumour
cells is well documented. Integrated HBV DNA shows
a number of modifications. Genetic damaging of hepa-
tocytes by the integrated viral DNA (also in serolog-
ically HBV-negative patients, who may be molecular-
biologically positive) is considered to be the initiation
of carcinogenesis. In this process, the HBV subtypes
apparently behave like the HBV type itself. HBxAg is
undoubtedly of pathogenic significance; possibly it also
damages p53. HBV protein (and the core protein of
HCV) are able to activate NF-kappa B, which is consid-
ered to be important in HCC pathogenesis. Vaccination
against HBV infection is thought to be an effective pro-
phylactic measure against the development of HCC. •
Superinfection with HDV has a potentiating effect,
resulting in the earlier occurrence of both cirrhosis and
HCC � but not in a higher incidence of HCC. Animal
experiments show that HBV can induce HCC without
further cofactors. This evidence of the strong carcinoge-
nicity of HBV also explains why, for example, HBsAg-
positive men have a risk of developing HCC which is 98
times higher than that of an HBsAg-negative control
group of the same age. A higher familial frequency has
also been observed. (67, 110, 151, 167) • HCV is equally
carcinogenic; in certain regions, its carcinogenicity is
actually 2.7 times higher than that of HBV, whereby
different molecular mechanisms are responsible for the
development of HCC. HCV is not integrated into the
hepatocellular genome. Prevalence of HCV antibodies
in HCC patients has been shown to be considerable
(albeit varying between individual countries), e. g. 27%
vs 4%, 55% vs 10%, 30% vs 1%, and 71% vs 5%. This
corresponds to a 27-fold increase in the risk of HCC.



Chapter 37

Genotype 1 b is associated with a higher risk of HCC
as well as a decrease in IGF. Simultaneous infection
with GBV-C does not increase the HCC risk. The likeli-
hood of HCC occurring subsequent to an HCV infec-
tion is 21.5% after 5 years, 53.2% after 10 years, and
75.2% after 15 years. HCV cirrhosis is associated with
HCC at a malignant transformation rate of 2�8% per
year. (67, 127, 157, 164, 167)

Liver diseases: An association with AIH and with
secondary biliary or CDNC-induced biliary cirrhosis
has been reported (94, 116, 155), albeit as a rare event.

Cirrhosis: In 70�80% of cases, HCC develops in under-
lying (mainly multicentred, coarse-granulomatous) liver
cirrhosis, i. e. some 20% of cirrhotic patients suffer from
HCC. • Cirrhosis of any aetiology must thus be con-
sidered a precarcinogenic factor. • In Europe and the
USA, cirrhosis is mostly alcohol-induced. In HCC
patients in Africa or Asia, cirrhosis is less common: gen-
erally perinatal, postnatal or juvenile HBV infections,
most likely involving large numbers of viruses, result in
the formation of HCC before cirrhosis can develop.
Chronic viral hepatitis, just like cirrhosis, causes an
increase in hepatocellular proliferation. Unless the
genetic damage induced by viral DNA can be repaired
by enzymes produced in the hepatocytes, it is passed on
via mitoses to the daughter cells. An increased DNA
synthesis rate within the cirrhosis is accompanied by an
elevated risk of malignant transformation. Cirrhosis
increases the susceptibility of the hepatic tissue to other
carcinogens. A rise in the mitosis rate thus also results
in an increase in genetic alterations. This causes onco-
gens to be activated, while tumour suppressor genes or
mutation repair genes become inactivated. (19, 44)

3.4 Pathogenesis
Development of HCC begins in the small diploid hepatocytes,
which have a higher growth rate. Pathogenesis is a multifactorial
event. The sequential course has three main phases: (1.) initiation:
various noxae cause a genetic defect, which can be repaired by
endogenous mechanisms and is thus reversible; (2.) promotion: if
the genetic damage is beyond repair, the initiated hepatocytes are
stimulated and mitosis begins, with the result that the genetic dam-
age is transferred to the daughter cells; (3.) progression: clonal
expansion of the altered (“malignatized”) cells occurs.

Tumour-suppressor gene: The tumour-suppressor gene p53 is
located on chromosome 17. Noxae may cause mutations of this
gene, which results in the loss of its suppressor effect. (6, 126) •
An autosomal dominant mutation of p53 is also encountered in
humans, so that a tumour can develop during adolescence, the so-
called Li-Fraumeni syndrome.

Carcinogens are cancer-causing substances which are able to initi-
ate genetic damage of the hepatocytes (or of bile-duct epithelia or
sinusoidal endothelial cells) without the assistance of additional
noxae. Cocarcinogens require other cocarcinogens or carcinogens
in order to cause malignant transformation. • The interaction
between hepatitis viruses, alcohol, chemical agents, hormones, etc.
is a crucial factor in the development of manifest HCC. In this
context, constituents of tobacco smoke, nutritional factors (e.g.
choline deficiency, vitamin B6 deficiency, aethionine surplus) or
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occasionally enhanced fatty acid synthesis (130) may act as cocar-
cinogenic factors.

Growth factors (HGF, IGF, etc.) are also of crucial importance in
pathogenesis, as is a compromised immune defence system.
Increased expression of angiopoietin 1 and 2 plays an important
role in the vascular development of HCC. (165)

Aetiopathogenesis is multifactorial as an interaction of genetic,
exogenous and/or endogenous factors. In a molecular-biological
context, HCC is regarded as an extremely heterogeneous tumour.

3.5 Morphology

3.5.1 Macroscopic forms

The macroscopic or histologic differences in the morph-
ology of individual hepatocellular carcinoma types
are of little epidemiological or clinical significance. •
Macroscopically, HCC has a whitish-yellow colour, is
often permeated by bile and shows a soft consistency.
There are often haemorrhages in the nodes as well as
central necrosis. HCC is mainly supplied with arterial
blood. Its doubling time is 30 to 400 days, with an
average of 120 days. Occasionally, infiltration into the
portal vein system or the hepatic veins occurs (s. fig.
6.16), with intrahepatic metastases and thromboses in
the branches of the portal or hepatic veins. (138) HCC
may also become manifest simultaneously with cholan-
giocarcinoma. (95) • Three forms (nearly identical with
the three forms described by H. Eggel in 1901) (5) can
be differentiated: (1.) expansive type, (2.) infiltrative
type, and (3.) combination type. • A rare form is the
pedunculated HCC (only about 100 cases have been
reported). It occurs mostly on the underside of the right
lobe and protrudes beyond the upper edge of the liver.
This form (occasionally > 1 kg in weight) can be more
easily resected, leading to a better prognosis. (124, 178)
(s. tab. 37.5)

Macroscopic forms Microscopic forms
1. Expansive type (ca. 18%) 1. Trabecular type

• solitary coarse-nodular 2. Pseudoglandular type
• multiple coarse-nodular 3. Scirrhous type

4. Solid type2. Infiltrative type (ca. 33%)
5. Fibrolamellar type• diffuse infiltrative (ca. 5%)
6. Spindle-cell type3. Combination type (ca. 42%)

Degree of tumour differentiation
1. High differentiation
2. Moderate differentiation
3. Low differentiation
4. No differentiation (anaplastic type)

Cytologic differentiation
1. Polygonal
2. Pleomorphic
3. Clear-cellular
4. Small-cellular

Tab. 37.5: Macroscopic forms, microscopic typing and degree of
tumour differentiation in hepatocellular carcinoma
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3.5.2 Microscopic tissue types

Dysplasia: This condition is defined as variably large, different-
shaped hepatocytes, mostly in localized groups, with enlarged,
pleomorphic and hyperchromatic nuclei as well as enlarged
nucleoli. These dysplastic hepatocytes may often be polyploid.
Dysplasia can occur as a macrocellular (with eosinophilic
cytoplasm) or microcellular (with basophilic cytoplasm and
increased proliferation) variant. The latter is considered to be a
precancerous stage. • Dysplastic foci with a diameter of 1(�2) mm
consist of enriched, predominantly small-cellular dysplastic hepa-
tocytes. • Dysplastic nodes with a diameter of 0.3�1.0 cm contain
an atypical architecture and cellular atypias; trabecular or pseudo-
glandular structures are evident. Atypical hepatocytes are often
clear-cellular, basophilic or steatotic. Fluent transition into HCC
is seen occasionally. (87, 95)

� Histologically, six growth forms of HCC can be differentiated. (s.
tab. 37.5) The most common form is the trabecular type, usually
comprising highly differentiated carcinomas with polygonal
tumour cells similar to hepatocytes; they grow in multilayered tra-
beculae and enclose blood spaces lined with endothelium (usually
without Kupffer cells). • The pseudoglandular type is generally
found in combination with the trabecular form. It is characterized
by the formation of gland-like structures containing detritus and
bilic or liquid material. • The scirrhous type shows excessive depo-
sits of sclerosed connective tissue, which is relatively low in cells.
The moderately differentiated tumour cells lie between the septa,
which resemble connective tissue. This type is mostly found after
chemotherapy or radiation therapy. • The solid type is an undif-
ferentiated HCC, with the tumour cells displaying considerable cel-
lular polymorphism; the trabecular tissue pattern has disappeared.
The tumour is compact due to compression of the sinusoids. •
Differentiation is, however, only possible in rare cases, since there
is often considerable heterogenicity within the tumour, i. e. dif-
ferent tissue types may be found in the same HCC. (s. figs. 37.4,
37.5) • Fibrolamellar HCC is rare; it consists of solid cell trabeculae
with connective-tissue septation and a capsule. (s. figs. 37.10,
37.11) • Spindle cell-like differentiated HCC is likewise a very rare
histological form with a fascicular-sarcomatous growth pattern.
(111) Prognosis is significantly poorer than with other forms of
HCC (S. Kakizoe et al., 1987).

Fig. 37.4: Highly differentiated, macrotrabecular hepatocellular
carcinoma with hydropic swelling of the tumour cells (condition
after alcohol injection)

� Histological tumour differentiation ranges from the highly dif-
ferentiated grade 1 to the undifferentiated grade 4. (s. tab. 37.5) It
does not provide sufficiently reliable information for giving a prog-
nosis of HCC. This also applies to the above-mentioned histologi-
cal growth forms � with the exception of the fibrolamellar type,
which generally has a more favourable prognosis.
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Fig. 37.5: Partly solid, partly pseudoacinar HCC with bile pigment
in canalicular structures

3.5.3 Cytological differentiation

� Polygonal cells are predominantly found in HCC. They have
dense nuclei and lumpy, eosinophilic cytoplasm, which subse-
quently becomes basophilic. Bile canaliculi are often observed. •
Pleomorphous cells are present in immature tumours. They are
often smaller than the hepatocytes and may vary in their overall
cell size as well as in the size of the nucleus; occasionally, they
grow to form multinuclear cells or multinuclear giant cells contain-
ing bizarre nuclei. • Typical hyaline inclusion bodies with autofluor-
escence are sometimes detected, pointing to disturbed protein
secretion; they can be differentiated immunohistochemically, e. g.
in the form of ferritin, α1-foetoprotein or α1-antitrypsin. The
detection of Mallory bodies in tumour cells is likewise typical for
HCC. They are caused by disturbed metabolism of the intermedi-
ate filaments. Ground glass cells are also found (due to HBsAg
expression or enhancement of fibrin). Nuclear inclusion bodies are
caused by invaginated cytoplasmic substances. Bile may still be
produced, particularly within a highly differentiated HCC; mor-
phologically, this is expressed in the formation of bile thrombi. •
The glycogen content in the tumour cells varies. When a large
amount of glycogen (and water or lipids) is stored, HCC takes on
a clear-cellular “hypernephroid” form. • Small-cellular carcinomas
are also occasionally in evidence. (s. tab. 37.5)

A grading of HCC with regard to these different forms is usually
without clinical importance: (1.) the forms do not necessarily cor-
relate with the clinical course and (2.) different forms can appear
in one and the same patient.

3.5.4 Metastatic spread

HCC metastasizes intrahepatically, haematogenically
(50�60%) and lymphogenically (30%) into the regional
lymph nodes, mainly (and also initially) below the dia-
phragm. • Haematogenous metastases affect the lungs
(40�50%) and skeletal system; metastases are only rar-
ely found in the kidneys or brain. • However, infiltrating
growth affects neighbouring organs (e. g. gall bladder,
diaphragm, kidneys, hepatic vessels, bile ducts). (78, 179)

3.6 Symptomatology

3.6.1 Subjective complaints

HCC develops without subjective complaints. Even fur-
ther tumour growth often remains undetected; alterna-
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tively, the complaints are explained as general symp-
toms relating to cirrhosis or to an existing chronic liver
disease. HCC is hence usually detected (too) late. Com-
plaints are very varied:

pain in the upper abdomen weight loss
bloating, flatulence fatigue, weakness
inappetence, nausea stool irregularities

The patient is suspected to be suffering from HCC when
the subjective complaints continue to worsen and when
an increase in complaints, which may occur quite
abruptly in some cases, cannot be explained by the pro-
gression of cirrhosis. Most patients are affected by pain
radiating into the right side of the back or into the right
shoulder and neck area. This is due to an irritation of
the phrenic nerve caused by expansion of the tumour
towards or even into the liver capsule. Anorexia is more
pronounced. Occasionally, the course of HCC is acute,
resembling liver failure or liver abscess.

3.6.2 Clinical findings

The clinical situation deteriorates rapidly: febrile tem-
peratures and leucocytosis as well as subicterus are
observed; there are also signs of encephalopathy. An
arterial murmur can often be heard on auscultation,
since the tumour is mainly supplied with blood from the
hepatic artery. A sudden “blossoming” of vascular spi-
der naevi is frequently seen with underlying cirrhosis.
Virchow’s lymphadenopathy may be present. (84) Fever
and leucocytosis frequently occur in tumour necrosis.
Clinical findings include:

fever arterial murmur
subicterus tenderness upon pressure
meteorism/ascites palpable tumour
latent encephalopathy perihepatic friction

Paraneoplastic findings: Occasionally, there are para-
neoplastic symptoms or syndromes which vary greatly
from individual to individual, such as erythrocytosis
(due to enhanced expression of erythropoietin), poly-
cythaemia, hyperparathyroidism with hypercalcaemia,
hyperthyroidism, painful gynaecomastia (14), osteo-
arthropathy, pseudoporphyria, hypercholesterolaemia,
hypertension (16), polyneuropathy, polymyositis (64),
water diarrhoea syndrome, dermatomyositis, and an
increase in the vitamin B12-binding protein. Large and
glycogen-rich tumours cause hypoglycaemia (possibly
due to enhanced expression of IGF2).

3.7 Diagnosis

The efficacy of therapeutic measures, particularly the
prospect of curative treatment and thus prognosis,
depend upon the early diagnosis of HCC.
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3.7.1 Laboratory findings

While non-specific signs of inflammation may also be
present in liver cirrhosis, they are much more obvious
in HCC. For example, positive CRP values as well as
an increase in the BSR, α-globulins, α1-antitrypsin and
fibrinogen can be found. A constellation of decreased
serum iron and elevated serum copper (140) points to a
consuming inflammatory process or malignant tumour.
(s. tab. 5.10) Usually, the haemogram shows leucocytosis
and anaemia. Nitric oxide values in the plasma are ele-
vated in correlation with tumour size. (s. tabs. 37.6,
37.11, 37.12)

1. Non-specific parameters
• CRP �, BSR �, α2-globulins �, γ-globulins �

fibrinogen �, cholinesterase �, D-dimer �

2. Iron/copper constellation
• iron �, copper �, ferritin �

3. Cholestasis
• γ-GT �, AP �

4. Enzyme constellation
• GPT �, GOT �, LDH �, HBDH �, GDH �

5. • GOT/GPT � �2
• γ-GT/GOT � �12
• (GPT � GOT)/GDH � �15

5. Serology
• α1-foetoprotein � (� ferritin �) � ��
• des-γ-carboxy prothrombin �
• aldolase A �
• α-L-fucosidase �

Tab. 37.6: Laboratory findings arousing suspicion in HCC, with
increasing diagnostic reliability given by continuous deviation from
normal values

Conspicuous enzyme activities include a disproportion-
ate increase in γ-GT, AP (especially the Regan isoen-
zyme, which is identical to the placenta isoenzyme) and
LDH. This constellation is thought to be an important
indicator of HCC, particularly when HBDH is also ele-
vated. Intrahepatic cholestasis is invariably present in
HCC. More and more foetal γ-GT is produced in car-
cinomatous hepatocytes and is detectable at the biliary
pole of the cells. Transaminases rise only slowly; the
enzyme quotients may provide revealing information. (s.
tab. 5.6) • Hepatic synthesis capacity (albumin, cholines-
terase, Quick’s value) decreases progressively. ChE is
also greatly reduced in cases of malignant ascites. • The
indocyanine green test is considered to be conclusive for
evaluating the residual liver parenchyma prior to hepa-
tectomy. A combination of the ICG test and galactose
elimination capacity is an even more reliable tool,
according to our experience.

�1-foetoprotein: AFP has gained great importance as a
laboratory value pointing to HCC. (s. p. 106) First dis-
covered in hepatomas by G. Abelev et al. in animal experi-
ments in 1963, this type of oncofoetal protein was also
detected in human HCC by Y.S. Tatarinov in 1964. AFP
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is a glycoprotein formed initially within the yolk sac and
later in the liver and gastrointestinal tract of the foetus.
Serum values of about 70,000 µg/l are found in neo-
nates, decreasing to the normal value of < 10 µg/l within
9�12 months. Higher values can be detected in liver cell
regeneration (acute and chronic hepatitis, cirrhosis) and
particularly in HCC (> 20 µg/l). Thus, a continuous
increase in AFP values arouses suspicion; a value of
> 100 µg/l is highly suspicious for HCC. There is only a
moderate correlation between AFP and the respective
tumour size and doubling time. A false-negative AFP
value is detected in about 20% of patients suffering from
HCC. The response to chemotherapy usually corres-
ponds to decreasing AFP values. • Specificity is between
76�91%, sensitivity 39�64% (approx. 85% when ferri-
tin is increased at the same time). Serum values of
> 2,000 µg/l may ultimately be reached. Liver metastases
usually show values of < 150 µg/l, with no tendency to
rise. AFP values in the normal range exclude HCC in
90�95% of cases. Generally, no AFP is produced in
very mature or very immature tumour cells. AFP pro-
duction in elder patients is lower; it is mostly higher in
virus-related cirrhosis than in alcoholic cirrhosis. (40, 75,
152, 154)

Diagnostic importance is also attributed to des-γ-car-
boxy prothrombin (60�80% positivity in HCC) (H.A.
Liebman et al., 1984). (90, 120, 133, 154) It is synthesized in
the normal hepatocytes and therefore also in HCC. The
diagnostic accuracy in small hepatocellular carcinomas
(< 3 cm) could be greatly improved by determining this
precursor prothrombin (PIVKA II) in combination with
AFP. • A decrease in the factor-II index, i. e. (factor VII
� factor X) � (factor II) � > 15, has proved to be a
specific and independent marker of HCC. • In addition,
isoferritins, Regan-AP, telomerase activity (99) and L-
fucosidase as well as CEA variants may be helpful in the
demarcation of HCC. • Laboratory diagnosis of HCC is
indeed much more reliable if various important param-
eters are added. (s. tab. 37.6)

3.7.2 Imaging procedures

Sonography: Sonography is the method of choice in moni-
toring the course of risk patients, particularly in combina-
tion with AFP determination at (4�)6 month intervals.
In this way, a longer survival time could be achieved.
Under optimal examination conditions with an experi-
enced investigator, foci are detectable at a size of 1 cm.
However, demarcation of HCC in a cirrhotic liver is
very difficult, if not impossible, due to its inhomogen-
eous reflex pattern. Small foci (< 2 cm) are usually hypo-
echoic; when they grow, their echogenicity increases
(due to deposition of fat, connective tissue formation or
necrosis) and a hypoechoic margin with a rather blurred
halo (� tumour cells plus compressed liver parenchyma)
is often in evidence. A bull’s eye is also detectable (�
hypoechoic centre surrounded by a hyperechoic edge).
At a size of > 4 cm, the reflex pattern becomes inhomo-
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geneous. However, HCC has no typical image. In 50 to
70% of cases, diagnosis is successful at a size of 2 cm
and more. Detection of HCC also depends on its degree
of differentiation: well-differentiated liver carcinomas
are barely distinguishable from normal hepatic tissue. A
hypoechoic halo points to a fibrous capsule and � in
combination with a mosaic structure within the focus �
arouses suspicion of a carcinoma. (2, 25, 34, 38, 40, 46, 87)
• The use of colour-encoded Doppler sonography shows
hypervascularization even in the early tumour stage and
thus provides diagnostic differentiation from regenera-
tion nodes and adenomatous hyperplasia. Visualization
of tumour vessels is improved by intravenous injection
of a contrast medium. When HCC infiltrates the portal
vein, arterial vessels can be identified in the tumour
thrombus in 60�70% of cases. (8, 11, 56, 61, 71, 123) • The
use of intraoperative US as well as laparoscopic US (20,
68) results in a 20% higher detection rate of HCC than
in preoperative diagnostics. When all space-occupying
lesions of the liver are included, the diagnostic results
are up to 40% better than those gained by conventional
sonography. The haemodynamic pattern “nodule-in-
nodule” (� a vascular spot in a hypovascular nodule) is
a sign of a suspicious node � this could, in turn, be an
early stage of HCC. (91, 181) • Characterization of liver
tumours with contrast-enhanced sonography and digital
grey-scale analysis offers the possibility of an investiga-
tor-independent differential diagnosis. (11)

Computer tomography: The detection of small carcino-
mas, especially of tumours in cirrhosis, is unreliable
using conventional CT scanning. However, when the
tumour has reached a certain size, capsule formation,
fatty transformation of the tumour mass, vascular
infiltration and development of arterioportal shunts are
evident. Abdominal lymph node metastases can be
found. Sensitivity is about 60%. (s. fig. 37.6) • The intro-
duction of lipiodol CT has resulted in a considerable
improvement in HCC diagnosis: the oily contrast
medium injected into the hepatic artery under angio-
graphic monitoring is stored within the tumour tissue,
so that any tumour above a size of 3 mm can be iden-
tified in conventional CT scanning in full contrast for a
period of 1�2 weeks. Sensitivity is about 70%, specific-
ity about 80%. (23, 113) • Spiral CT has proved to be
most effective (sensitivity 90%). This technique offers a
biphasic examination supported by contrast medium,
with the first (hepatic-arterial) phase showing mainly
hypervascularized HCC and the second (portal-venous)
phase showing mainly hypovascularized HCC. (10, 37) •
CTAP (CT following arterioportography) is considered
to be a very sensitive method for the detection of HCC
in a non-cirrhotic liver (CTAP is not suitable in cases
of portal hypertension and portosystemic shunts). The
sensitivity of CTAP is 85�90%. • Although CT arterio-
graphy is an invasive procedure, it shows the highest sen-
sitivity in extensive cirrhosis, because HCC is predomi-
nantly supplied with arterial blood.
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Fig. 37.6: HCC: nodular liver surface in cirrhosis. Tumour forma-
tion in the right lobe of liver, in parts at the margin; central hypo-
density with peripheral hypervascularization (CT after CM)

Angiography: HCC appears as a hypervascularized
tumour in angiography via the hepatic artery. The ves-
sels show irregular internal diameters; due to arteriove-
nous anastomoses, the hepatic veins are rapidly filled,
giving retrograde visualization of the portal vein. Poorly
vascularized or non-vascularized areas present in the
tumour develop due to necrosis or bleeding. Evidence
of a hypervascularized “bush pattern” in a cirrhotic liver
is considered to be an obvious sign of HCC. In terms
of sensitivity, angiography is, however, inferior to other
imaging techniques. There is no alternative to angiogra-
phy when assessing surgical strategies or chemoperfu-
sion and chemoembolization; angiography is often com-
bined with simultaneous regional tumour treatment.

Magnetic resonance imaging: Malignant tumours gen-
erally show longer relaxation times in comparison to
healthy liver tissue. This results in hypointensity in T1-
weighting and hyperintensity in T2-weighting � in con-
trast to healthy liver parenchyma. T2-signal intensity is
more sensitive in the diagnosis of advanced HCC as well
as in the assessment of a tumour capsule; this is prog-
nostically significant. Early stages of highly differenti-
ated HCC can be defined better in T1-weighting. Diag-
nosis is further improved by the use of contrast medium.
(28, 113, 170, 173)

Scintigraphy: The approaches used to date in scintiscan-
ning have proved to be inadequate for diagnosing HCC
and are also inferior to other imaging techniques. • New
methods (Tc-GSA) as well as immunoscintigraphy, 18F-
FDG PET or SPECT (3, 86, 156, 160) have not yet been
evaluated with regard to their diagnostic sensitivity or
specificity in detecting HCC or in preoperative staging.
Their main value consists in better detection of extra-
hepatic tumours; they may also have a direct impact on
operative management. (1)

Plain X-ray: The rare event of HCC calcification is char-
acterized by the so-called sunburst sign.
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3.7.3 Morphological diagnosis

Percutaneous fine-needle biopsy: This technique is asso-
ciated with the risk of tumour cell spreading. The fre-
quency of subcutaneous implantation metastases is
reported to be 2%; they generally appear within 3
months. When this procedure is indicated, the bleeding
risk from the usually hypervascularized tumour must
also be taken into account. The cytologic-diagnostic
sensitivity is 80�85% of cases; specificity is 97�100%.
(31�33, 128)

Percutaneous thick-needle biopsy: We consider this tech-
nique to be contraindicated, mainly because of the
bleeding risk involved: (1.) HCC is usually a densely
vascularized tumour, (2.) the tumour tissue does not
possess the requisite spontaneous contractility for
mechanical closure of the biopsy canal, (3.) local coagu-
lation is usually disturbed in the tumour tissue. Punc-
tures into the necrotic centre of a tumour may cause
uncontrollable haemorrhagic oozing. The risk of
implantation metastases is the same as in FNB. (33) •
This raises the question of whether histological or cyto-
logical confirmation of the diagnosis is really necessary.
In this context, cytological assessment of the malig-
nancy is equal or even superior to histology. However,
cytological delimitation of highly differentiated HCC
from adenomatous hyperplasia may be very difficult in
certain cases. Diagnosing the tumour type is much more
accurate by histological examination than by cytology.

Surgery is indicated if a resectable space-occupying
lesion in liver cirrhosis with sufficient evidence of HCC
has been determined by imaging techniques and the
AFP value is > 400 µg/l. Operability in terms of internal
medicine as well as hepatology has to be established. •
Provided laboratory, sonographic and radiological find-
ings are largely unambiguous, surgery is indicated even
without an increase in AFP values; preoperative percu-
taneous biopsy should not be carried out in such cases.

Morphological clarification of the findings is necessary
if differential diagnosis of a hepatic space-occupying
lesion is unclear. • Cytological or histological confirm-
ation of tumour malignancy is likewise required prior
to palliative therapy, even in patients with no chance of
curative treatment.

Laparoscopy: This technique should always be used to
achieve the required morphological clarification. (s. figs.
37.1�37.3, 37.7, 37.8, 37.16, 37.17) (9, 88, 157) • It ini-
tially serves as explorative laparoscopy in the careful
inspection of the abdominal cavity using various body
positions in order to gain as reliable a picture as possible
of malignant metastases, particularly in the region of
diaphragm, peritoneum and ligaments. (s. figs. 37.27,
37.28) Inspecting large areas of the visible surface of the
liver as well as certain parts of the underside when lifted
by a probe allows excellent differentiation of all the
respective findings � especially in cirrhosis. Explorative
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Fig. 37.7: Small to medium-nodular, alcoholic cirrhosis with undif-
ferentiated, multilobular hepatocellular carcinoma and subcapsu-
lar vascularization

Fig. 37.8: Large-bulbous hepatocellular carcinoma due to alcohol
abuse and active chronic hepatitis B with cirrhotic transformation
in some places

laparoscopy also facilitates staging, which cannot be
achieved as effectively by imaging diagnostics.

All findings are documented by photolaparoscopy. (s. p.
156) Sufficiently large and compact tissue particles can
be obtained from foci lying close to the surface by using
biopsy forceps. Highly vascularized areas can thus be
avoided. The site of extraction can be coagulated imme-
diately, so that prolonged biopsy bleeding or late bleed-
ing is almost completely excluded. • Foci that lie at a
deeper level or those which cannot be reached with for-
ceps should be evaluated by fine-needle biopsy. Assisted
by sonography, this can be carried out at the same time
as or after deflating the pneumoperitoneum, while the
position of the trocar (or alternatively the Veres needle)
is maintained. If necessary, a clear view into the abdo-
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minal cavity can be regained by quick insufflation using
the trocar.

Explorative laparotomy, as is occasionally recom-
mended in the literature, is contraindicated in our
opinion. • All comparisons with respect to the degree
of risk, stress or inconvenience to the patient, expend-
iture of time, material, staff and the costs involved,
and particularly the diagnostic benefits, speak against
laparotomy and in favour of explorative laparoscopy.

3.8 Prognosis

The prognosis of HCC is determined by the tumour
mass and its speed of growth at the time of diagnosis.
Signs of a poor prognosis are included in the (p)TNM
classification. (s. tab. 37.2)

1. Considerable size of tumour (> 5 cm)
2. Infiltrative or multilocular growth
3. Metastatic spread

The natural course of disease shows an average survival
rate of 5 months (2�8 months). Longer courses of HCC
have only been observed occasionally; some 3% of
patients survive for 5 years. • The number of tumour
nodes as well as the existing cirrhosis correlate with the
likelihood of recurrence. In contrast, the histological
degree of tumour differentiation as well as potential
capsule or bile formation by the tumour are unlikely or
still disputed risk factors for a relapse. This is also true
of the biological features of the tumour, such as ploidy,
mitosis rate and proliferation marker index. (57, 108)

By including clinical and laboratory parameters (ascites,
jaundice, hyperalbuminaemia), K. Okuda et al. (1985)
introduced a classification into stages in order to
improve prognostic accuracy regarding survival time.
(s. tab. 37.7) The survival rate in the untreated course
was calculated to be 11 months in stage I, 3 months in
stage II, and 1 month in stage III. The corresponding
1-year survival rates are 39%, 12%, and 3%. A survival
rate of 29 months can be expected for tumours with
< 25% invasion of the liver in stage I; the corresponding
figure for 25�50% liver invasion is 8 months. With
smaller tumours (< 3 cm), the survival rates are slightly
better: 1 year � 91%, 2 years � 55%, 3 years � 13%.
In older patients and in those with moderately increased
γ-GT values, tumour growth is retarded. Evidence of
antibodies against the tumour suppressor gene p53
point to an unfavourable prognosis.

Another alternative HCC staging system is the so-called
CLIP score (35, 36). This also combines morphological
criteria of the HCC with liver functions (Child-Pugh)
and, additionally, with portal vein thrombosis as well as
AFP. (s. tab. 37.8) • BCLC classification can be recom-



Chapter 37

0 points 1 point

A: Liver invasion � 50% � 50%
B: Ascites no yes
C: Bilirubin � 3 mg/dl � 3 g/dl
D: Albumin � 3 mg/dl � 3 g/dl

A�B�C�D � 0 points: stage I � 8.3
A�B�C�D � 1�2 points: stage II � 2.0
A�B�C�D � 3�4 points: stage III � 0.7

Tab. 37.7: Classification of the stages of hepatocellular carcinoma
and survival time in months (untreated) (K. Okuda et al., 1985)

Criteria Points
0 1 2

1. Child-Pugh A B C
2. HCC morphology solitary multifocular multifocular

<50% of liver <50% of liver >50% of liver
3. α1-fetoprotein <400 µg/l >400 µg/l
4. portal vein no yes

thrombosis

Survival rate
points mean rate 1 year (%) 2 year (%)
0 36 84 65
1 22 66 45
2 9 45 17
3 7 36 12
4�6 3 9 0

Tab. 37.8: CLIP staging system of HCC and the respective survival
rate (35, 36)

mended for staging-adapted management of HCC.
(107, 108)

Complications: Acute liver failure, arterioportal fistula
formation, oesophageal varices (15) and pulmonary
hypertension have been reported as complications. • In
most cases, the cause of death is anorexia with tumour
cachexia, accompanied by signs of circulatory and renal
failure. Occasionally, there is intraperitoneal haemor-
rhage, portal vein thrombosis (138, 146) and tumour rup-
ture with formation of haemorrhagic ascites. (121)

Spontaneous regression: As far as I know, it was E.B.
Gottfried et al. (1982) who first reported spontaneous
regression of HCC. In the meantime, further (> 25) un-
usual observations of this kind have been published.
However, recurrence after such regression has also been
reported. (52, 62, 69, 76, 104, 112, 119, 162, 166)

3.9 Therapy

Surgical, local-interventional, regional and systemic
procedures and palliative measures are available for the
treatment of HCC. • Longer survival periods can be
achieved by surgery, which is considered to be the only
form of potentially curative treatment for small tumours
(< 3 cm, or even < 5 cm).
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At present, merely 5% of patients suffering from HCC
have any chance of being cured. Some 25�30% of inop-
erable patients were rendered operable by means of pre-
operative selective irradiation with yttrium90 micropar-
ticles (intra-arterially) or by several cycles of cisplatin �
IFN-α2b � doxorubicin � 5-fluorouracil. The results
could be further improved by postoperative treatment
with lipiodol-J131. • In this context, the overall chance
of recovery is reported to be 15%.

� An interdisciplinary consensus conference to decide
upon the best therapy possible must be held before
any treatment of a carcinoma begins. A gastroenter-
ologist, a surgeon, an oncologist and a radiologist
should participate, irrespective of the department in
which the patient is being cared for. The treatment
plan agreed upon must then be explained to the
patient and (with the patient’s consent) also to the
closest relatives. • So-called “virtual liver surgery” will
play an important role in this connection in the fore-
seeable future.

3.9.1 Surgical therapy

Resection

Only about 30% of tumours are still resectable by the
time HCC is diagnosed. • The following are considered
to be contraindications for resection: (1.) multicentric
tumours, (2.) metastases, (3.) invasion of the tumour
into the portal or hepatic vein, (4.) liver malfunction
(jaundice, hypoalbuminaemia, considerable reduction in
Quick’s value and cholinesterase), and (5.) decompen-
sated portal hypertension (ascites, encephalopathy). •
Surgical techniques include: (1.) right-sided or left-sided
hemihepatectomy, (2.) right-sided or left-sided lobec-
tomy, (3.) segment IVb resection, and (4.) atypical resec-
tions and wedge excisions. (s. pp 800, 870) Resection of
the small left lobe of liver is tolerated best. When the
larger right lobe is resected, there is a risk of liver insuf-
ficiency due to inadequate residual functional capacity.
Preoperative administration of 131J-lipiodol (60 mCi/
injection) showed promising results. (143) • The follow-
ing procedure was hence recommended for the safe
removal of liver parenchyma: first, embolization of the
portal vein branch associated with the tumour is carried
out; this results in atrophy of the embolized lobe and
hypertrophy of those segments to be maintained, with
a correspondingly better functional capacity. • If non-
resectability is revealed during the operation, a catheter
should immediately be implanted in the hepatic artery
for regional chemotherapy. • For patients without cir-
rhosis, mortality is 1�3%, for those with cirrhosis
7�25%. The survival rate is 25�60% after 5 years,
depending on tumour size; this rate sinks to 25�35%
when the capsule or the portal vein are infiltrated. De-
cisive factors are the radicalness of the intervention and
the functional capacity of the residual liver parenchyma.
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Intraoperative blood loss should be kept as low as pos-
sible in order to limit morbidity. Patients in Child-Pugh
stage A showed a 5-year survival rate of 27�53% (cf.
disease-free survival rate of 20�33%), and in stage B of
about 30%; stage C is usually non-resectable or has no
surgical benefits. Preoperative staging with the help of
laparoscopy is absolutely necessary. It is decisive for
choosing the correct kind of management (the original
procedure had to be changed in 20�30% of patients due
to the laparoscopic findings). (9, 88) (7, 17, 63, 80, 96, 98,
117, 125, 141, 182) (s. p. 799)

The radicalness of the intervention has to be assessed by
the pathologist on the basis of the findings of the
resected preparation as well as the surgical report. First,
the pTNM stage is determined. (s. tab. 37.2) Then, the
so-called R classification is carried out in order to estab-
lish whether the resection was curative. R0 resection
means that the tumour was completely removed, no
tumourous residues were left behind, and the resection
margin is tumour-free. R1 resection implies that there
are still tumour cells at the resection margin. R2 resec-
tion signifies that macroscopically visible tumour tissue
is left. When the tumour markers normalize within the
first 4 postoperative months after R0 resection, this is
defined as R0a resection, and without normalization as
R0b resection. (7) • In cirrhosis patients with small HCC,
liver function is the most important factor for long-term
survival. In this context, the indocyanine green test,
MEGX test and the Okuda stage system have proved
useful. Under favourable conditions, relapse resections
are also possible. • Resection therapy is sometimes used
as “bridging” prior to a liver transplantation.

Recidivation is generally due to undetected small intra-
hepatic foci. Especially in cirrhosis, the recurrence rate
is very high as a result of this factor. A further cause of
recidivation after primary R0 resection is attributed to
the multicentricity of the HCC, i. e. synchronic or meta-
chronic development of additional tumours which are
independent of the primary tumour. Therefore, the
secondary prophylaxis takes on a special meaning (sys-
temic or intra-arterial chemotherapy, interferon, reti-
noids, autologous lymphocyte transfusion, etc.). An
increase in ornithine decarboxylase and spermidine is
apparently a high risk factor for recurrence. • Even after
recidivation, repeated resection or interventional pro-
cedures (e. g. RFTA) are sometimes successful.

Cryosurgery: Cryotherapy of tumours was introduced
by I.S. Cooper in 1963. • Intraoperative insertion of a
probe into the liver tumour is carried out directly.
Necrosis is induced in the tumour tissue by the applica-
tion of fluid nitrogen as well as by the subsequent
rethawing of the iced area (ca. �50 °C). This procedure
is usually repeated. It is indicated in cases of non-resect-
able liver tumours and for the freezing of margins
following resection. (21, 175) (s. p. 798)
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Liver transplantation

With insufficient functional reserve capacity of the liver
and/or non-curative resectability of the tumour, liver
transplantation is generally indicated. However, such a
procedure does not yield better long-term results than
resection, particularly since the frequency of relapse
(some 65% of cases) in the transplanted liver is higher
due to the fact that immunosuppression is constantly
required. A further problem is that the tumour-doubling
time (102�195 days) is shortened to about 26 days.
Relapses originate from preoperatively undetected
metastases, which show strikingly rapid growth. • In
order to limit these relapses, a method called neoadju-
vant chemotherapy has been recommended, e. g. intra-
arterial or systemic administration of cisplatin and dox-
orubicin, possibly in combination with interferon. The
survival rates after 1, 2 and 3 years were reported as
70%, 60%, and 59%, respectively. Another form of neo-
adjuvant therapy was based on 5-FU (continuous infu-
sion for 6 months), with intermittent administration of
adriamycin and cisplatin prior to transplantation. This
procedure showed a survival rate after 1, 2 and 4 years
of 73% vs 55%, 61% vs 40%, and 61% vs 22%, respec-
tively. The relapse rate was only 18%. • Indications for
liver transplantation should always be considered with
great caution. Careful preoperative examination regard-
ing HBV or HCV infection (PCR, if necessary) is recom-
mended, since there is a very high risk of the trans-
planted liver being infected by viruses from extrahepatic
tissues under immunosuppression. • Survival rates in
HCC cases without and with cirrhosis are almost equal
at up to 85% after 1 year, 30% after 3 years, 20�45%
after 5 years, and about 20% after 10 years. A long-term
survival rate is only to be expected in patients with small
solitary tumour nodes (< 5 cm) or not more than 3
nodes of < 3 cm in diameter and without signs of vascu-
lar invasion (so-called Milano or Mazzaferro criteria).
(114) A hyperextended indication is only given in rare
cases. These rates largely correspond to the results
obtained in non-malignant liver diseases. Transplanta-
tion is regarded as being better than resection in cirrho-
sis patients with early detected HCC, since the precan-
cerous potential of cirrhosis is totally eliminated at an
early stage. In every case, preoperative and/or postoper-
ative chemotherapy should always be considered. The
previous operative mortality rate of 15�20% has now
been further reduced. (22, 56, 88, 117, 122, 144, 153, 158)

3.9.2 Interventional therapy

After discussing the clinical and imaging findings as
well as the result of exploratory laparoscopy, it is
important to decide on the most promising management
in the interdisciplinary conference. • Once resection
techniques and liver transplantation have been ruled
out, the next alternative are interventional procedures
(s. tab. 37.9).
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1. Percutaneous injection therapy
� ethanol
� acetic acid

2. Transcatheter arterial therapy
� transarterial chemotherapy
� transarterial embolization
� transarterial chemoembolization
� transarterial radiation

� 131J-lipiodol
� 90yttrium

3. Percutaneous thermoablation therapy
� laser-induced thermotherapy
� microwave coagulation
� radiofrequency ablation

Tab. 37.9: Local-interventional procedures in the management of
HCC

Percutaneous injection therapy

Percutaneous ethanol injection (PEI): This procedure
was described by N. Sugiura et al. in 1983. In solitary
HCC with a size of < 3 (�5) cm in diameter, alcohol (96
vol.%) is injected into the tumour using sonographic,
laparoscopic (79) or CT monitoring. This technique
(5�10 ml, about 3 times a week, regularly over a period
of 3�4 months) is a relatively inexpensive procedure
which is technically simple and well tolerated (albeit
usually very painful!). Due to the fact that HCC has a
soft consistency compared to the firmer liver tissue, it is
possible to a large extent to infiltrate the tumour selec-
tively and limit necrosis as desired. (s. fig. 37.9)

Fig. 37.9: Subcapsular HCC in liver cirrhosis: mostly necrotic
following ethanol injection

Imaging findings after PEI are: in US, alcohol distribu-
tion appears like an echogenic cloud and the tumour
becomes relatively hyperechoic; in Doppler sonography,
the colour signals disappear; in CT, gas formation is
sometimes visible. More than 70% of the tumour mass
may be necrotized. Under favourable conditions, a com-
plete response can be achieved in 80% of cases. •
Adverse events include acute cholecystitis, cholangitis,
haemorrhages, liver abscess, pleural effusion, portal vein
thrombosis, etc. • The PEI technique has no significant
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effect on tumours with a size of > 5 cm and multilocular
tumours. Some cases of stitch-track metastases have
been reported. The relapse rate is approx. 60%. The sur-
vival rate is 68�80% after 3 years and about 50% after
5 years. Long-term success depends upon the number
and size of the tumours as well as on the respective liver
function. PEI is contraindicated in Child-Pugh stage C.
(18, 72, 79, 85, 89, 105, 115, 118, 134, 139, 177)

Percutaneous acetic acid injection (PAI): Injection of
acetic acid (40�50%, 2�5 ml, 2�4 sessions) into the
tumour also resulted in necrotic destruction of the
tumour tissue (M. Imamura et al., 1995). PAI is considered
to be just as effective as PEI; the success was most evi-
dent when the intratumoural retention of acetic acid
persisted for about three days after completion of the
treatment. (66, 102, 132)

Transcatheter arterial therapy

As an alternative to percutaneous injection therapy,
there is a possibility to develop new local-interventional
treatment strategies by selectively exploring the tumour-
feeding branch of the proper hepatic artery.

Transarterial chemotherapy (TAC): The systemic admin-
istration of cytostatics, both as mono- or polychemo-
therapy, led to unsatisfactory results accompanied by
considerable side effects. By transporting cytostatics
transarterially to the tumour itself, it was possible to
build up a high concentration of these substances in the
arteries supplying the HCC. Due to the fact that there
were far fewer side effects, the dosage of cytostatics
could be optimized. A further advantage of this method
is that the extratumoural parenchyma has a portal
venous blood supply; thus the arterially transported
cytostatics do not cause any significant peritumoural
liver damage. This transarterial chemoperfusion could
be improved even more by positioning the selective-arte-
rial catheter exactly and by implanting a port system.
(43) (s. p. 801)

Lipiodol (� iodized ester of poppyseed oil) used as a
contrast medium for lymphography accumulates selec-
tively in the tumour over a longer period of time. As a
result, local-interventional (oily) lipiodol chemotherapy
(TOCE) was developed. Lipiodol acts as a carrier for
the admixed cytostatic agents, so that the latter retain
their effect in the tumour long-term in a high (system-
atically unacceptable) dose. Hereby, cisplatin or epidox-
orubicin (101) is emulgated in lipiodol. It was possible
to achieve 1-year survival rates of 36�55%. Other
cytostatics did not prove to be any more effective.

Transarterial embolization (TAE): By occluding the
smaller tumour-feeding arteries, it is possible to achieve
a hypoxia-induced necrosis of the HCC. This is more
successful if the tumour is encapsulated. Such emboliza-
tion can be carried out using collagen particles, poly-
vinyl alcohol, gelfoam or galactose spheres. However,
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the HCC cannot be eliminated completely, because the
malignant cells in its periphery, which are supplied by
the portal venous system, remain intact, so that recidi-
vation frequently occurs (30�50%) at the same place.
(109) With (repeat) embolization, 1- and 2-year survival
rates of 65% and 38% respectively could be achieved.
(70) (s. p. 801)

Transarterial chemoembolization (TACE): The direct
application of a cytostatic agent (using the DSA tech-
nique via the femoral artery) into the tumour-feeding
artery, followed by temporary occlusion of the vessel,
leads to (1.) high intratumoural concentration of the
cytostatic agent, (2.) longer action time of this subsance,
and (3.) therapeutically important ischaemia of the
HCC. As a rule, lipiodol is applied together with cis-
platin (or mitomycin-C, epiduricin, doxorubicin); this is
followed by embolization (see above). Evaluation of
therapy success is best carried out using MRI, but
coded phase-inversion harmonic sonography is likewise
highly sensitive and accurate. TACE is also possible
under outpatient conditions. Repeated embolization is
recommended at intervals of about 4 weeks; this creates
extensive tumour necroses. Remission was achieved in
30�60% of patients. • The following side effects have
been observed: fever, nausea, vomiting, upper abdomi-
nal pain (� post-embolization syndrome), lipiodol embo-
lisms, pancreatitis, gall-bladder infarction, tumour rup-
ture and liver failure. (77) Chemoembolization is thus a
very aggressive form of treatment and should only be
considered in patients with a well-functioning liver. The
administration of BCAA after TACE has proved benefi-
cial (increase in serum albumin, reduction in mortality,
improvement in quality of life). (142) • The 1- and 2-year
survival rates were given as 82% and 63%, respectively.
A further improvement in the survival rate was observed
following the oral administration of pravastatin (20�40
mg/day). (81) For HCC which is primarily supplied by
venous blood, chemotherapy is contraindicated, as is
also the case with portal vein thrombosis and renal
insufficiency. • It is open to question whether it is pos-
sible (and whether it makes sense) to improve the results
of a subsequent resection by primary reduction in the
tumour mass through chemoembolization or even by
treating resectable HCC with chemoembolization from
the onset. (30, 51, 77, 132, 145, 176, 180) (s. p. 801)

Combination therapy: The use of local-interventional procedures is
restricted to a maximum tumour size of 5 cm in diameter. There-
fore, a combination of two local techniques is seen as promising.
• The joint application of PEI and TAE has proved its efficacy
for some time. (177) Similarly, there have been reports about the
successful use of TACE following laser thermal ablation. (136)
Further encouraging options include a combination of TACE and
RFTA, TACE with microwave coagulation (149) or TACE with
cryotherapy. Using TACE, the size of the HCC can be reduced in
some cases, making it possible to carry out subsequent ablation
with better results.

Transarterial radiation (TAR): Intra-arterial radiation
of 131iodine lipiodol into the tumour tissue has shown
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good results with a six-month survival rate of 48�52%.
This procedure has hardly any influence on hepatic arte-
rial perfusion. For this reason, the technique can also
be used in portal vein thrombosis. (26, 97, 143) • Transar-
terial injection of 90yttrium particles did not lead to
tumour regression in the first study carried out in 1992.
(150) A new administration form consisting of 30 µm-
sized particles of resin loaded with 90yttrium was
recently developed. The radiation dose amounts to
approx. 2 giga-becquerel. The rays penetrate the tissue
to a depth of about 2.4 mm. The results obtained so far
have proved excellent (A. Kennedy et al., 2004).

Percutaneous thermoablation therapy

Targeted, temperature-related tumour necrotization can
be achieved either through extreme refrigeration (�
cryotherapy) or overheating (� thermotherapy). In the
latter case, microwaves, laser-induced radiation or high-
frequency current are generally used. The energy is
applied with the help of a specially developed probe.

Laser-induced thermotherapy (LITT): In 1983, S.G. Bown

applied this technique for the first time as minimally
invasive percutaneous ablation therapy. By means of
quartz fibres, Nd : YAG laser light (1,064 nm) is con-
ducted directly into the tumour via a probe. The laser
light is converted into heat, thus causing a coagulation
necrosis of the tumour. Necroses of up to 4(�5) cm in
diameter may result. Probe application is carried out by
MR-guiding; this technique is also used for monitoring
success. The procedure is considered to be both safe and
efficacious. (45, 129) (s. p. 800)

Microwave coagulation therapy (MCT): Necrotization of
liver tumours by means of microwave coagulation (2,450
± 50 MHz) is another thermoablation technique (T. Seki

et al., 1994). The tumour is punctured using a 14 G
needle, through which a special probe is inserted. Good
results were obtained by using this US-guided pro-
cedure. The 4-year survival rate of patients with superfi-
cial HCC was 64.2%; the local recurrence rate was
27.1%. In 12.8% of cases, no evidence of surviving
tumour tissue was observed following treatment. (47, 74,
131) When MCT was compared with RFTA, the results,
side effects and complications proved to be more or less
equal. MCT is also recommended in metastases. (357)

Radiofrequency thermal ablation (RFTA): S. Rossi et al.
(1990, 1993) were the first to introduce this procedure.
Under analgosedation and local anaesthesia, an
expandable, cooled-tip needle electrode is inserted per-
cutaneously into the tumour with the help of US, CT
or MR guidance. There are various types of probes with
some differences. Due to high-frequency alternating cur-
rent (480�500 kHz), the tumour tissue is gradually
heated (up to max. 105 °C). A necrosis voume of 4(�5)
cm in diameter can be achieved. An indication is given
for 1�3 foci, each with a maximum size of 5 cm in
diameter. This also applies to compromised liver func-



Chapter 37

tion. One or more sessions are necessary for this treat-
ment. Morbidity is < 10%, lethality 1�2%. The 3-year
survival rates were 80�85% in Child A and 30�35% in
Child B. After ablation of the tumour, success is moni-
tored using CT plus CM: in the case of complete abla-
tion, there is no enhancement of CM. Local recidivation
is observed in 10�15% of cases. Therefore, a regular
monitoring (laboratory parameter together with US or
MRI) is required. In the case of recidivation, subse-
quent therapy with the help of TACE is promising. The
following adverse events have been observed: liver insuf-
ficiency, colon perforation, portal vein thrombosis, liver
abscess, pleural effusion, pneumothorax, haematoma,
haemoperitoneum, needle-tract seeding, etc. RFTA can
also be carried out laparoscopically (147) or operatively.
• Overall, the results of RFTA are better than those of
PEI (2-year survival rate: 64% vs. 43%); this is especially
true of the disease-free survival rate. It would appear
that RFTA is just as effective as resection therapy. (21,
42, 59, 60, 82, 106) (s. p. 800)

3.9.3 Medicinal therapy

Systemic chemotherapy: This kind of treatment yields a
response rate of 5�15% only, irrespective of whether
monotherapy or polytherapy was used. (100) A major
cause of the low efficacy is the considerable quantity of
mixed-functional oxidases in the tumour cells together
with an overexpression of the multidrug resistance gene
localized on chromosome 7. This MDR can be compen-
sated to a large extent by chemosensitizers (e. g. calcium
antagonists). However, there was no clinical success and
the side effects were stronger. • In a recent study, the
combination of gemcitabine plus oxaliplatin seemed
promising. (161) The application of 5�fluorouracil � cis-
platin � IFN also proved to be well-tolerated and
favourable. (92) With such chemotherapy, there are gen-
erally considerable side effects, particularly in the case
of an underlying cirrhosis. • Overall, HCC shows hardly
any response to systemic chemotherapy, so that this
treatment does not really represent a therapeutic option.

Hormone receptor antagonist: The hepatocytes possess
oestrogen receptors and react to oestrogen with prolifer-
ation. Therefore, it seemed advisable to apply anti-
oestrogens as part of the therapy. However, the efficacy
of these substances, e. g. tamoxifen at 10(�20) mg twice
daily, could not be confirmed. Toremifen appeared to be
more successful. • Cyproterone acetate proved ineffica-
cious as an anti-androgenic agent. Flutamide likewise
showed no effect.

Immunotherapy: Interferon-alpha has an antiproliferative
effect on tumour cells. Previous studies, however, have
shown no success in HCC, not even when IFN was com-
bined with cytostatics. • In order to improve the severely
weakened immune system of tumour patients, immuno-
stimulants (e. g. autologous lymphocyte infusion, thy-
mostimulin) were used. (137) The incorporation of lipo-
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somes loaded with monoclonal antibodies into tumour
cells is a further therapeutic option. • In gene therapy,
the incorporation of so-called suicide genes by means
of retroviruses (possibly even adenoviruses) has aroused
particular interest. So far, however, the experimental
gene transfer has not been sufficient to eliminate the
respective tumour mass.

Somatostatin: Somatotropin release inhibiting factor
(SRIF) displays antimitotic effects regarding various
non-endocrine tumours. In animal experiments, octreo-
tide retards tumour growth. The subcutaneous admin-
istration of octreotide (250 µg, 2x / day) resulted in a
considerable improvement in survival time and quality
of life. (93) There are still no clinical results available
regarding the use of lanreotide, which has a longer
action time.

3-bromopyruvate has proved efficacious as an intra-arte-
rial injection. (58) Likewise, i.m. administration of argi-
nine deiminase (160 IU / m2) was effective and well-toler-
ated. (41)

3.9.4 Adjuvant measures

There are several adjuvant measures which are deemed
to be unconventional, i.e. the purported therapeutic effi-
cacy has not yet been confirmed in controlled clinical
studies. In the field of oncology, a multitude of treat-
ment approaches (“cancer diets”, medication, physical
or instrumental therapy forms, psychological methods,
etc.) have been propagated. • These should not be con-
sidered as alternative techniques, since they cannot
replace the frequently tested and well-established meth-
ods used in surgery, radiology and chemotherapy. Thus
they are also known as “supplementary”, “additive”,
“adjuvant”, and “complementary” measures or “best
supportive care”. • It is understandable that many
tumour patients or their relatives emphatically demand
these treatment options in addition to the traditional
mainstream medical care when the diagnosis of “can-
cer” has been made. Up to 70% of all tumour patients
try out such unconventional methods in the course of
their disease. • Numerous cancer diets have been
extolled � none of which came up to previous expecta-
tions. Everybody is, however, at liberty to add various
supplements (beetroot, probiotics, vitamins C and E,
etc.) to their daily diet in line with the physiological
principles of nutrition. • Apart from that, special psy-
chological treatment methods have been used, such as
autosuggestion, crisis therapy, meditation and visualiza-
tion. Psychotherapeutic and spiritual assistance can,
without doubt, have positive effects on tumour symp-
tomatology. A combination of dietary recommendations
� physiotherapy � psychotherapy should indeed be
included in the overall concept of cancer therapy.
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Both the physician and the patient are confronted
with a wide range of unconventional therapeutic mea-
sures. It is understandable that patients and their rela-
tives resort, in their desperation, to any methods
which may offer a therapeutic chance: “We have
nothing to lose, but maybe we can defeat the cancer
in the end; time and again, one hears of such healing
or remission.” And which doctor would want to
destroy hope even in the face of oncological reality?
• The alternatives indeed cover a broad spectrum. (s.
tab. 37.10)

Immunobiological tumour therapy

• Selenium • Zinc
• Organ lysates • Mistletoe extracts
• Rhodococc. rodochrous • Tumour vaccines
• Fungi belonging to • G-SH � anthocyane

� tricholomataceae � L-cysteine
� polyporaceae • VEGF blockage

Holistic tumour therapy

• Hyperthermia • Ozone therapy
• Oxygen multi-step therapy • Enzymes

Naturopathy

• Muscular training • Nutritional therapy
• Physiotherapy • Relaxation therapy

Psycho-oncological care
Spiritual care

Tab. 37.10: Some adjuvant or unconventional therapeutic methods
used in malignant diseases

Experiencing and coping with the diagnosis of car-
cinoma (and also “accepting” it) puts any patient under
severe stress. As a consequence, the immune system,
which is of essential significance in fighting the malig-
nant disease, is usually weakened. • Subsequent surgery
burdens the immune system even more. Unfortunately,
chemotherapy, in addition to its cytostatic effectiveness,
also results in massive long-term suppression of the
immune system. This is equally true of radiology. • The
survival time varies considerably both in the natural
course of disease and/or subsequent to invasive therapeu-
tic measures mainly as a result of differences in individual
defence systems. • In comparative studies, the patients
treated symptomatically (how? and with what?) often
fare better in terms of survival time and the remaining
quality of life � without painful therapeutic interven-
tions, which often involve numerous side effects. The
greatly varying efficiency of individual immune systems
makes it difficult to compare the clinical and thus also
statistical data obtained from group studies, and this
might also account for the divergent results. • The
tested, carefully considered and (largely) well-estab-
lished techniques of (1.) surgery, (2.) radiology, and (3.)
chemotherapy continue to serve as unchallenged pillars
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in the treatment of malignant tumours. In future, (4.)
immunotherapy will also play a more important (perhaps
decisive) role � even though the patient’s “immune
status” cannot (unfortunately) be measured adequately.

Nevertheless, all possibilities of activating the immune
system should be made use of. These adjuvant meas-
ures can (and should) precede or simultaneously
supplement any invasive treatment procedures.

Selenium is an essential trace element. As an important
constituent of glutathion peroxydase and thioredoxin
reductase, it must be considered an extremely valuable
antioxidant. The daily requirement of 75 µg is very
often not achieved, especially by tumour patients, so
that substitution is necessary. In addition, malignant
diseases generally show a reduction in the serum value
of selenium. Moreover, it intensifies the cytotoxicity of
T lymphocytes and natural killer cells, leading to a cor-
responding effect on tumour cells. This effect can be
enhanced through the stimulation of IFNγ. The appli-
cation of cytostatics thus becomes more favourable in
every respect. A daily dose of 200 µg (�1,000 µg) sele-
nium is recommended. • Even in acute infections, i.v.
administration of selenite has proved extremely useful.
(s. p. 304)

Zinc is of essential importance for the normal function-
ing of the immune system. (s. pp 50, 616) In abdominal
surgery, we usually detected pronounced zincuria (s. tab.
3.15), which, in our experience, could not be prevented
by intravenous (even high-dosage) administration of
zinc. Zinc deficiency, however, has negative effects on
the immune system. • We found that such postoperative
zincuria could (almost) always be prevented in abdom-
inal surgery by the peri- and postoperative administra-
tion of the aldosterone antagonist potassium canrenoate.
At the same time, major postoperative intestinal atonicity
(probably due to potassium deficiency in the cells) was
no longer observed in this condition! • This was the ratio-
nale for administering zinc and potassium canrenoate
intravenously in all such cases involving abdominal sur-
gery 1 day prior to and 3�4 days after the operation.
We would like to share these positive clinical experiences,
which are free from side effects.

At this point, it is also worth mentioning several efforts
aimed at preventing metastasis formation subsequent to
surgical manipulation of the organ containing the pri-
mary tumour. • As early as 1984, D-galactose-specific
lectin was discovered on hepatocytes. Lectins seem to
play a major part in the “docking” of tumour cells on
other organ cells. Apparently, the organ specificity of
malignant cells is determined by the lectin pattern on
the surface of their target cells, with which the corre-
sponding sugars on the tumour cells link up. Animal
experiments, based on the lectin-receptor theory (G.
Uhlenbruck et al., 1986), have shown that the formation
of liver metastases was almost completely prevented by
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administering D-galactose prior to tumour inoculation.
In two pioneering clinical studies (compared to a con-
trol group), formation of liver metastases subsequent to
colorectal tumour surgery could be suppressed in 50%
of patients within 3 years. A 5% D-galactose solution
(1.6 g/kg BW) was infused 1 hour prior to surgery, and
this was repeated until the third postoperative day. (351)
• This use of galactose (or other carbohydrates?), which
is free from side effects, should indeed be investigated.
Such procedures can probably also be recommended in
the puncture of tumours as a means of preventing
tumour cell spread.

3.10 Fibrolamellar carcinoma

In 1956 this rare kind of tumour was described by H.A.
Edmondson in a 14-year-old girl as a “fibrosing variant
of HCC in adolescents” (235); subsequent to tumour
resection, the patient was without relapse for 2 years.
J.R. Craig et al. (1980) outlined in great detail the specific
clinical and histological criteria of fibrolamellar hepato-
cellular carcinoma (FHCC). Some 2�3% of HCC cases
are assigned to FHCC, i. e. the frequency is 20�60
cases/year in Germany. • FHCC shows the following
features: (1.) it develops in a non-cirrhotic liver (cirrho-
sis frequency about 4%); (2.) it is found in younger
people (particularly between the ages of 5 and 35); (3.)
men and women are affected with the same frequency;
(4.) it is not associated with HBV or HCV infection
(HBsAg is positive in 6�8% of cases); (5.) AFP values
are not at all or only rarely increased (7�11%); (6.)
FHCC is most frequently localized in left liver lobe,
generally as a grey, firm tumour. • With increasing
growth, abdominal pain and weight loss occur. As the
tumour grows in size, transaminases, AP, γ-GT and cop-
per values increase. (188, 194, 195) • With regard to
imaging procedures, sonography yields a hyperechoic
pattern, while CT and MRI scanning show FHCC as a
large, solitary and solid tumour. (184, 186, 187) The
tumour resembles FNH by virtue of a generally recog-
nizable central scar and multiple fibrous septa. FHCC
was therefore suspected to be a malignant variant of
FNH. In MRI, both the scar and the septa show hypo-
dense signal intensity in T1 and T2 images. In contrast
to FNH, haemorrhages, necroses or central fibrous
scars and calcifications are occasionally observed in this
hypervascularized tumour. Metastatic spread occurs late
and initially into the abdominal lymph nodes. • The
diagnosis is based on histology (because of hypervascu-
larization by means of FNB or targeted biopsy under
laparoscopy): large eosinophilic tumour cells with large
nuclei and dense nucleoli are found. The polygonal
tumour cells contain a copper protein as well as inclu-
sion bodies (consisting of α1AT, α1FP, fibrinogen, ferri-
tin, etc.). Eosinophilia is caused by a great surplus of
mitochondria. Lamellar connective tissue lies between
the trabecular formations. (183, 185, 191, 193�195) • A high
vitamin B12 value in the serum is typical because the
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tumour cells trigger enhanced synthesis of transcobal-
amin I. Neurotensin and ceruloplasmin are also consid-
ered to be tumour markers. • The prognosis of FHCC is
generally more favourable than that of HCC and cho-
langiocarcinoma. Some 50�80% of patients are resect-
able. The survival rate after 5 years was 40-60% (the
overall survival rate equals 3�16 years following sur-
gery, but is no more than 2 years without surgery). After
liver transplantation, the prognosis of FHCC is better
than in the case of HCC and CCC. (189, 190, 192, 195) (s.
figs. 37.10, 37.11)

Fig. 37.10: Fibrolamellar hepatocellular carcinoma as is usually
seen in a non-cirrhotic liver

Fig. 37.11: Fibrolamellar hepatocellular carcinoma: large, polyg-
onal cells with granular-eosinophilic cytoplasm (based on a
surplus of mitochondria)

4 Cholangiocellular carcinoma
Intrahepatic localizations must be distinguished from extrahepatic
CCC. They are subdivided into three areas of the large bile duct:
(1.) the upper third from the liver hilum to the opening of the
cystic duct (frequency about 49%); (2.) the medial third of the
common bile duct (frequency about 25%); (3.) the lower third
reaching to the opening into the duodenum (frequency about
19%). Diffuse involvement of the whole extrahepatic area was
found in 7% of cases. • Tumours situated in the upper third are
designated proximal, central or hilar CCC and are also known as
Klatskin tumours. (204) • Distal localizations of the extrahepatic
CCC must be clearly differentiated from carcinomas of Vater’s
ampulla and of the pancreas head.
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4.1 Definition

Cholangiocellular carcinoma (CCC) is a malignant
tumour originating in the cholangiocytes of the intra-
hepatic small bile ducts (peripheral CCC) or the
larger bile ducts (prehilar CCC). There are four CCC
types. The intrahepatic type is found with a frequency
of 10%; this type is far more rare than hepatocellular
carcinoma. More than 90% are adenocarcinomas.
The tumour cells are characterized by their keratin
content. CCC occurs mainly between the ages of
60�70, with men and women being equally affected.
Prognosis is poor; the survival time is 1�2 years.

4.2 Morphology

In more than 90% of cases, a (rather slow-growing) ade-
nocarcinoma can be detected. Evidence of glandular
and trabecular structures with substantial connective
tissue-like stroma is typical. A reliable histologic diag-
nosis is only possible if carcinomatous changes in the
bile ducts can be demonstrated, a process which is very
rarely observed in a liver biopsy specimen. Usually, a
highly differentiated tumour is present; lesser degrees
of differentiation are only seldom found. Distinguishing
between CCC and metastases or adenocarcinomas (e. g.
of the gastrointestinal tract or pancreas) can prove
extremely difficult. Evidence of keratin 7, 19 or 903 in
the tumour cells is characteristic of CCC. Expression of
lamina-γ-2 is believed to play an important role in
growth-related morphology. (196, 197) (s. fig. 37.12)

Morphological classification: Precise characterization of
CCC in terms of growth pattern and staging is very
important for optimal treatment planning and for deter-
mining a prognosis. (203, 206�208)

(1.) Mass-forming type: This form appears firm and
coarse due to profusely developed stroma. The tumour
is only slightly vascularized. It generally has a greyish-
white, sometimes dark green colour and can reach a size
of up to 15 cm in diameter; the margins are well circum-
scribed, but irregular. Central necrosis may be present.
Satellite or daughter nodules are frequent and vary in
size. Usually, this tumour type does not produce bile.
Evidence of keratin 903 is considered to be typical. (196)
In comparison to the other types of CCC, metastases
are more frequently found in hilar and parapancreatic
lymph nodes as well as in the peritoneum; the tumour
itself often has a haematogenous spread. Vascular inva-
sion is rare. (205, 212)

(2.) Periductal-infiltrating type: This form grows along
the bile ducts; it is therefore elongated, spiculated or
branch-like. The bile ducts proximal to this CCC may
be dilated if the lumen is narrowed or even obstructed.
The tumour remains unidentifiable for a long time.

(3.) Intraductal-growing type: This form is mostly a pap-
illary adenocarcinoma. It comprises innumerable frond-
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like infoldings of proliferated columnar epithelial cells
and a slender fibrovascular core. The tumour is gen-
erally small, but often spreads superficially along the
mucosal surface, forming a kind of “papillomatosis”.
Mostly, it produces a profuse amount of mucous, result-
ing in focal or segmental biliary obstruction with respec-
tive dilatations. Such a papillary adenocarcinoma has
low-grade malignancy. • Some papillary tumours pro-
duce a large amount of mucin. This mucinous tumour is
seen as a variant of the intraductal-growing type. (198)

Fig. 37.12: Cholangiocellular carcinoma with tubular glands (HE)

Cholangiohepatocellular carcinoma arising from both
cell types is a mixed form. (213) It sometimes appears as
a subtype with two separate tumour forms or as a sub-
type with mixed HCC and CCC components. This type
of carcinoma can develop in different parts of the liver;
its subtypes may also be seen in close proximity to one
another or even appear within the same tumour. It is
rarely found in liver cirrhosis. Typically, there is extens-
ive mucin production and evidence of glandular biliary
epithelia. With the help of specific keratin patterns,
these tumours can be identified immunohistochemically.
Prognosis is poorer than in the case of the respective
singular form.

Mucoepidermoid carcinoma was first described by L.E.
Pianzola et al. in 1971. (222) It is a rare entity; this sub-
type constitutes only 2�3% of all CCC. Up to now, 41
cases have been reported. The tumour contains compo-
nents of both adenocarcinoma and squamous cell carci-
noma. It is discussed that this condition derives from a
squamous metaplasia of the terminal ramifications of
the bile canaliculi (222) or from adenocarcinoma cells. A
combination of HCC and mucoepidermoid carcinoma
has been observed. (219) This tumour contains compo-
nents of both cell types. A male predominance was
found. The clinical findings and laboratory data are
similar to CCC. Pathogenesis is unknown; various con-
genital cysts of the biliary tract (218) and non-parasitic
cysts (221, 223) as well as hepatic cholelithiasis (usually
associated with infection) have been proposed as aetio-
logical factors. (217) • Although its resectability was
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shown to be better than that of CCC, the prognosis is
poor. (220, 224) (s. tab. 37.1)

4.3 Epidemiology

CCC is rare, comprising about 7% of malignant liver
tumours. The tumour is most common between the ages
of 60�70. Men and women are affected with the same
frequency. Incidence is dependent upon regional risk
factors; on average, it ranges from 1-8/100,000 inhab-
itants.

4.4 Pathogenic risk factors

The pathogenesis of CCC is associated with numerous
risk factors. (1.) Intrahepatic cholelithiasis results in
CCC in 5�10% of cases; chronic cholangitis is usually
present. (216) (2.) Parasitic infestation of the bile ducts
(e. g. Clonorchis sinensis, Opisthorchis felineus and
Opisthorchis viverrini [202] may be associated with CCC
in up to 60% of cases when it has been present for sev-
eral years. (3.) Congenital anomalies of the bile ducts
(biliary atresia, cysts, dilatations, Caroli’s syndrome,
Alagille’s syndrome) (200) pose a considerably higher
carcinoma risk. (4.) Primary sclerosing cholangitis in-
creases the morbidity risk to 15�30%. (209, 210) Subse-
quent diagnosis of CCC was confirmed in 40% of a
group of patients who had died from PSC and in 35%
of liver transplant patients. The prevalence of CCC in
patients suffering from chronic inflammatory intestinal
diseases was also increased by 0.2�1.4% with patho-
genic association between PSC and ulcerative colitis,
whereby CCC occurred earlier in these cases (i. e. from
the age of 40). A higher frequency of mutations of the
oncogenes (e.g. K-ras, c-myc, p16) and tumour suppres-
sor gene p53 (210), with a strong expression of p53 in
tumour tissue, was confirmed in patients with PSC-
associated CCC. (5.) Thorium dioxide, which is stored
lifelong in the RES, led to the development of CCC in
numerous cases, with an average latency period of 35
years. (6.) Chemical agents such as dioxin, nitrosamine
and aflatoxin are considered to be risk factors for the
development of CCC. (7.) Medication (isoniazid, ana-
bolic steroids, methyldopa, contraceptives) has some-
times also been associated with an increased occurrence
of CCC.

4.5 Clinical features and diagnosis

Symptoms: The clinical symptomatology principally
depends on the localization of the tumour. Extrahepatic
CCC manifests in most cases as obstructive jaundice. In
intrahepatic localization of CCC, the developing clinical
picture reveals abdominal pain, nausea, inappetence,
loss of weight and weakness; cholangitis is often
observed. (199)
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Biochemistry: Non-specific signs of inflammation,
cholestasis parameters and increasing jaundice are
found. The tumour markers AFP and CEA are normal,
while the tumour markers CA 19�9 and CA 50 are usu-
ally elevated. There may also be mutations of the cyclin-
dependent kinase inhibitor p16/MTS1. (s. tab. 37.11)

Laboratory findings
1. Non-specific signs of inflammation

• BSG �, CRP �, serum iron �, copper �,
haptoglobin �, fibrinogen �, D-dimer �
α2-globulins �, ChE �, anaemia

2. Cholestasis
• AP �, LAP �, γ-GT �

3. Jaundice
• Serum bilirubin �

4. Tumour markers
• α1FP normal, CEA normal

CA 19�9 �, CA 50 �

Imaging diagnostics
1. Sonography

�
2. CT and CT angiography ���� MR

�
3. ERCP (or PTC)

Morphological diagnostics
1. Laparoscopy and biopsy
2. Percutaneous biopsy
3. Percutaneous fine-needle biopsy
4. ERC with brush biopsy

Tab. 37.11: Diagnostic parameters and examination techniques in
cholangiocellular carcinoma

Sonography: In this biochemical constellation, sono-
graphy (also colour-encoded duplex sonography with
visualization of the intrahepatic bile ducts) is the
examination technique of choice, particularly when
obstructive jaundice is suspected. There is evidence of
prestenotically dilated bile ducts as well as, in some
cases, accompanying strand-like, hyperechoic, infiltrat-
ing structures, which may be surrounded by a hypo-
echoic margin. The tumour itself can be identified in
most cases, particularly when it is localized in the liver
hilum.

CT: This technique is useful for assessing intrahepatic
carcinoma and detecting peripheral CCC. Occasionally,
proximally dilated bile ducts can also be visualized. The
gall bladder and the common bile duct are inconspicu-
ous. Differential diagnosis of metastases or HCC can be
extremely difficult. (214, 215) • MR cholangiography has
become an important procedure due to more sophisti-
cated technology. (s. fig. 37.13)

Cholangiography: If ERCP proves unsuccessful or if it
is not possible to assess the bile ducts or the extent of
tumour expansion, PTC is indicated. Nevertheless, ERC
remains the method of choice, especially when com-
bined with brush biopsy.
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Fig. 37.13: Cholangiocellular carcinoma (�) in CT with contrast
medium

Scintigraphy: Hepatobiliary sequential scintigraphy
imaging using 99mT-etifenin can often provide add-
itional information about tumour localization. Fluoro-
2-deoxy-D glucose PET may be helpful in the diagnosis
of perihilar CCC or metastasis.

Angiography: CT arteriography, CT arterioportography
or MR angiography may help to detect vascular inva-
sion and irregularities. Cholangiocellular carcinomas
are poorly vascularized.

Laparoscopy: Laparoscopy should be used to confirm
the diagnosis morphologically. This technique provides
photodocumentary findings and also affords the possi-
bility of targeted thick-needle, fine-needle or forceps
biopsy. Tumour biopsy is only deemed necessary prior
to palliative therapy. Moreover, explorative laparoscopy
offers a much better overview of the whole abdominal
area than does explorative laparotomy � and the risk
involved is considerably lower. Carrying out laparotomy
staging prior to liver transplantation is, in our opinion,
also far less efficient and thus not indicated; instead,
laparoscopy should be the technique of choice. (s. pp
150, 155, 161, 781)

4.6 Therapy

Resection or liver transplantation are considered to be
the only curative forms of treatment for cholangiocellu-
lar carcinoma. • External or intracavitary radiation
therapy is the method of choice when it comes to pallia-
tive measures. • The spectrum of adjuvant or alternative
therapy procedures used in HCC is broad, as it is for all
oncological conditions.

4.6.1 Invasive and surgical techniques

Classification of intrahepatic CCC is also made accord-
ing to the TNM staging system. Due to the low fre-
quency rate of CCC, experience of treating this tumour

791

surgically by resection is limited. Patients with resectable
tumours were reported to have a survival time of 12�24
months � which is not essentially longer than the nor-
mal course of disease. Survival times of more than 5
years have been reported in about 10% of cases. In
80�85 of patients, however, the tumour was not resect-
able at the time of diagnosis. (199, 201, 203, 211)

Results to date concerning liver transplantation have
been disappointing, so that this treatment is not con-
sidered to be indicated for CCC. Recurrence of CCC in
a transplanted liver is most likely caused by immuno-
suppression. Attempts are hence being made to prevent
such recurrence by combining liver transplantation with
subsequent irradiation of the portal liver hilum and sim-
ultaneous administration of 5-FU.

Drainage therapy results in subjective improvement and
decreases the risk of cholangitis. Techniques used
include biliodigestive anastomosis, percutaneous trans-
hepatic drainage or an endoprosthesis to bridge bile-
duct stenosis.

4.6.2 Chemotherapy and radiotherapy

To date, chemotherapy for CCC has remained unsuc-
cessful, no matter what kind of substance is used in
monotherapy or polytherapy (e.g. 5-FU plus leuco-
verin). Local chemotherapy using arterial infusion of
cytostatics may be indicated in individual cases. • Radio-
therapy has no influence on survival time, but usually
reduces pain.

4.6.3 Adjuvant measures

Even in cases of CCC which appear to be hopeless in
terms of oncology, both the patient and the attending
physician still have a broad spectrum of adjuvant and/or
unconventional therapeutic approaches at their disposal.
It is essential to provide sympathetic counselling and
guidance for the desperate patient, who is prepared to
seize any chance of preventing unnecessary suffering
and harm. (s. p. 786) (s. tab. 37.10)

5 Cystadenocarcinoma

Primary biliary cystadenocarcinoma (CC) was first
described by P. Bascho in 1909. It is a rare tumour (up
to now, about 120 cases have been reported), which gen-
erally occurs in malformations of the bile ducts. CC
mainly affects women and is predominantly found in
the right lobe of liver. Cystadenomas or choledochal
cysts are considered to be a probable precursor. (226,
229, 230, 232) Diagnosis can be reached with the help of
imaging techniques (225, 228) and histology (226, 232).
Sometimes, CC develops without ovarian-like stroma.
(227) The marker CA 19-9 may be increased. The
tumour is usually made up of plurilocular cysts with
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papillary folds lined with carcinomatous biliary epi-
thelium and contains bile-stained mucinous material. It
is surrounded by a fibrous capsule consisting of dense
hyaline stroma. (226) CC with a “pseudosarcomatous
growth pattern” has been described (P.D. Unger et al.,
1987). After resection, the survival rate is up to 5 years.
(231) (s. tab. 37.1)

6 Hepatoblastoma

The most common liver tumour in children is malignant
foetal hepatoblastoma. (235) (s. tab. 37.1) It constitutes
30�45% of all primary liver tumours and 50�60% of
all malignant tumours occurring in childhood. (236,
238�240) Hepatoblastoma is often associated with a con-
genital anomaly, especially with familial adenomatous
polyposis coli. (233) The tumour is partially lobulated
by fibrous septae and well-vascularized. Arising in the
endodermal liver epithelium, it usually becomes mani-
fest prior to the third year of life, but rarely in older
children or adults. (241) Boys are affected more than
twice as often as girls. • Histologically, there are three
types: (1.) epithelial type with embryonal hepatocytes or
foetal hepatocytes, (2.) mixed-cellular type containing
epithelial and mesenchymal components, and (3.) ana-
plastic type with small, undifferentiated cells. • Embry-
onic hepatocytes are small, partially spindle cell-like,
cuboidal or polygonal, and display uniform hyper-
chromic cell nuclei. The sparse cytoplasm is easy to
stain. The cells have band-like or rosette-like structures.
Foetal hepatocytes are larger and possess a marked cyto-
plasm; they contain abundant glycogen and form canali-
culi as well as cellular trabeculae between the sinusoids.
Epithelial cell nests of bright and dark cell elements
alternate. Haematopoietic foci are detectable in the area
of the foetal hepatocytes. (s. fig. 37.14) • Macroscopi-
cally, there is usually a solitary medullar tumour,
5�15(�25) cm in size, which mostly develops in the
right lobe of liver. A tumour capsule is found in 50% of
cases. It may contain necroses, haemorrhages and calci-
fications. This tumour grows relatively rapidly. Meta-
static spread affects the infradiaphragmal lymph nodes,
lungs and brain. Immunohistochemistry shows an ex-
pression of cytokeratin 7, 8, 18 and 19, or AFP as well
as vimentin. • Hepatomegaly, fever, anaemia, growth
retardation, sexual precocity (due to ectopic gonadotro-
pin) and abdominal pain as well as high or non-decreas-
ing values of α1-foetoprotein (which normally decreases
in the first years of life in healthy infants) are suggestive
of the kind of tumour. Imaging techniques and biopsy
facilitate the diagnosis. (234) Cystathionine is mostly
increased in the urine. Early detection allows curative
resection in about 20% of children. Preoperative chemo-
therapy may reduce the tumour size, leading to better
surgical results. (235, 236, 240) Liver transplantation is
sometimes indicated. (237)
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Fig. 37.14: Hepatoblastoma (3 years old boy) with mainly fetal
differentiation (HE)

7 Mesenchymal liver tumours
7.1 Embryonal sarcoma

Undifferentiated embryonal sarcoma (UES) was first
described by J.T. Stocker et al. in 1978. (246) (s. tab. 37.1)
This mesenchymal tumour is mostly encountered during
childhood and adolescence, occurrence in adults is a
rare event. (243) There are no gender-related differences.
It is predominantly localized in the right hepatic lobe.
The tumour presents as a well-circumscribed node with
a size up to 20 cm in diameter comprising cystic zones
(of necrotic tissue and blood). An association with a
mesenchymal hamartoma is discussed (244), especially
since alterations in chromosome 19q have been detected
in both conditions. • The polynuclear tumour cells are
star-shaped or fusiform with numerous mitoses. In add-
ition, there are large cells with PAS-positive, diastase-
resistant globular inclusions. The tumour cells show no
differentiation; they are surrounded by pronounced
myxoid stroma. (12, 245, 247) • In a CT scan, the tumour
appears hypodense with a peripheral capsule. (242) This
malignancy is not (or only slightly) vascularized. It
grows rapidly and can infiltrate the neighbouring organs
or metastasize in the lung or abdomen. US shows a
solid space-occupying lesion with an inhomogeneous
reflex pattern and circumscribed cystic areas. • If feas-
ible, resection is indicated, possibly in combination with
chemotherapy. A ligature of the hepatic artery may also
be applied. Recidivation after resection therapy is fre-
quent. The 3-year survival rate is about 30%. (247, 248)

7.2 Epithelioid haemangioendothelioma

Epithelioid haemangioendothelioma is a malignant
mesenchymal tumour, which was first described in the
liver by S.W. Weiss et al. in 1982. (s. tab. 37.1) It is prob-
ably a variant of haemangiosarcoma, but with a much
better prognosis (approx. 50% of patients survive for
more than 5 years). This multifocular, vascularized
tumour with low-grade malignancy can affect the liver
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primarily or appear in the liver as a metastasis. Women
are more affected than men. Usually, the liver is inter-
spersed with multiple, firm and greyish-white lesions up
to 3-11cm in diameter. (12) There are no differences in
frequency with respect to age. The tumour cells grow
along the vessels, whereby the portal fields and the aci-
nar structure are unchanged. These cells are irregular-
shaped, dendritic or spindle-like; they may display intra-
cytoplasmatic vacuoles as well as so-called Weibel-
Palade bodies (E.R. Weibel et al., 1964) as markers of arte-
rial endothelia. The stroma contains collagenous fibres,
mucopolysaccharides and, later on, calcifications as
well. (250) Often, a Budd-Chiari syndrome is mimicked.
(262) Immunohistochemical demonstration of factor
VIII antigen is helpful in differential diagnosis. An asso-
ciation with vinyl chloride and contraceptives as well as
with NRH has been postulated. (258) • Some laboratory
parameters (AP, GPT, GOT, bilirubin) are increased.
(249, 253, 255, 257) • Imaging procedures show a space-
occupying lesion without characteristic findings. (256,
260, 261) Diagnosis can only be reached by means of his-
tology (249, 251-253, 255, 257), best guaranteed with (for-
ceps) biopsy under laparoscopy. (252) • The tumour
grows slowly, but may metastasize. (249, 253, 254) Resec-
tion mostly cannot be carried out. Liver transplantation
is the therapy of choice, occasionally combined with
IFN. The 5-year survival rate is > 75%. (254, 255, 259)

7.3 Angiosarcoma

Angiosarcoma is the most frequent mesenchymal
tumour; it has a soft consistency. (12) Macroscopically,
conglomerate sponge-like nodes are found, which are
partially greyish-white and interspersed with haemor-
rhages or central necroses. They are highly vascularized
and show blurred margins. Smaller satellite nodes may
also form. • Histologically, this tumour consists of poly-
morphous, fusiform sinusoidal endothelial cells, which
line blood spaces and grow in a confluent infiltrative
manner. The rate of mitoses is high. There are peliosis-
like dilated cavities. Polynuclear giant cells may be pre-
sent. Infiltration of tumour cells in portal or central
veins as well as extramedullary foci of haemopoiesis are
usually demonstrable. Liver cell plates, provided they
remain in position, are characteristically “enwrapped”
by tumour cells. Immunohistochemically, factor VIII-
associated antigen can be detected. (s. fig. 37.15) • An-
giosarcoma is closely associated with the effects of tho-
rium dioxide (266) (s. p. 569!), chronic arsenic poisoning
(270) (s. p. 569!) and exposure to vinyl chloride (268) (s.
p. 568) or radium as well as with neurofibromatosis or
haemochromatosis. Transition of infantile haemangio-
endothelioma and cavernous haemangioma into angio-
sarcoma has been reported. It has also been observed
following the intake of phenylhydrazine and anabolic
(264) or contraceptive steroids. Older people are pre-
dominantly affected, men more than women (3�4 : 1).
In childhood, girls are the main sufferers. (263) • The
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tumour progresses quickly, grows multicentrically (in
the shape of a cavernoma or node) and is localized in
both hepatic lobes. The survival time is less than 1 year.
Metastatic spread occurs in the lungs and hilar lymph
nodes as well as, occasionally, in the spleen and bones.
(269) Diagnostic biopsy (even as FNB) is contraindi-
cated in this highly vascularized tumour. (265) The diag-
nosis is usually made by CT angiography or MR angio-
graphy. (267) Vascular murmur “over” the liver may be
audible. A sudden complication is a rupture with haem-
operitoneum; DIC sometimes develops. The course is
irrepressibly progressive; the prognosis is poor.

Fig. 37.15: Hepatic haemangiosarcoma

7.4 Leiomyosarcoma

Leiomyosarcoma originates from smooth-muscular ele-
ments of the liver, which are located in the walls of ves-
sels and around bile ducts. (12) Men and women are
affected with the same frequency, predominantly in
middle age. It is a very rare mesenchymal tumour (only
about 50 cases have been reported so far). This tumour
grows slowly, the colour is greyish-white and the consis-
tency is firm; it can reach up to 35 cm (!) in diameter.
Occasionally, there are multiple nodes. (273) It not only
occurs in the liver (mainly in the right hepatic lobe), but
is also found in the round ligament, the hepatic or por-
tal veins (272) and inferior vena cava (275) (possibly
together with the Budd-Chiari syndrome). The tumour
cells appear homogeneous and spindle-like with eosino-
philic cytoplasm. Clinical findings or imaging results are
non-specific; splenomegaly and ascites may occur. (271,
273, 274, 276) Therapy consists of tumour resection.

7.5 Rhabdomyosarcoma

Rhabdomyosarcoma is a mesenchymal tumour of grey
colour with partially cystic growth. (12) It mainly occurs
during childhood. (277) The tumour cells appear small,
round or spindle-like, hyperchromatic, occasionally with
eosinophilic cytoplasm. (279) They show various stages
of differentiation of embryonal skeletal muscle cells.
This tumour originates from peribiliary located muscu-
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lar structures. (277) • An association with the long-term
use of oral contraceptives has been reported. (278)

7.6 Fibrosarcoma

Fibrosarcoma is a mesenchymal tumour originating from
fibroblasts; it can therefore occur ubiquitously in the
whole body. (12) It was first described by R.H. Jaffe in
1924. About 35 cases have been reported so far. This type
of tumour has a firm consistency and contains cystic
structures with focal necroses and haemorrhages. It pos-
sesses a fibrous pseudocapsule and consists of fascicu-
larly arranged, spindle-like or fusiform tumour cells
embedded in parallel collagen fibres. The non-epithelial
stroma marker vimentin is overexpressed. These cells may
exhibit marked polymorphism. Fibrosarcoma mainly
occurs in men of advanced age. Therapy consists of
tumour resection and adjuvant chemotherapy. (280, 281)

7.7 Fibrous histiocytoma

Malignant fibrous histiocytoma (MFH) is a rare mesen-
chymal tumour of histiocytic origin. This tumour was
first described by L. Ozello et al. (1963) and J.E. O’Brien et
al. (1964). It has not yet been clarified which cell type
this tumour derives from and whether it is a single
entity. The tumour tends to develop in the tissue of the
extremities and in the retroperitoneum. MFH rarely
occurs in the liver (so far, reports of 22 cases have been
published). (12) The tumour cells contain a vacuolated
cytoplasm with oval-polymorphic nuclei; giant cells may
be present. (283, 284) MFH shows a firm consistency and
greyish-yellow colour. There are no typical findings.
(282, 285, 286) It appears most frequently in patients of
advanced age. Diagnosis is confirmed immunohisto-
chemically. The prognosis for this extremely aggressive
tumour is poor. Resection at an early stage with subse-
quent chemotherapy constitutes the only possible thera-
peutic option.

7.8 Malignant schwannoma

Malignant schwannoma is a very rare mesenchymal
tumour derived from the Schwann cells or nerve-sheath
cells. It is also termed neurilemmoma or neurinoma. Up
to now, only about 10 cases involving the liver have been
reported. This tumour is mostly associated with neurofi-
bromatosis. Men are more frequently affected than
women. Schwannoma usually occurs in the ages
between 20�50 years. It shows a firm consistency and
has a greyish-white colour. Generally, there are multiple
lesions. In the tumour itself, necroses and haemorrhages
are found. Schwannoma consists of strands of spindle
cells which interweave to form a herringbone pattern.
The stroma contains strong bundles of collagen fibres.
There are cell polymorphisms and mitoses as well as
areas of densely grouped cells. Expression of S-100 anti-
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gen from the tumour cells is increased. A high level of
alkaline phosphatase is a characteristic finding in spite
of normal transaminases. Prognosis is relatively poor.
(287, 288)

7.9 Hepatic liposarcoma

The first liposarcoma observed in the liver was reported
by J.I. Kim et al. in 1987. (289) Up to now, about 10 cases
have been published. Bright yellow tissue containing
mature fat cells admixed with scattered immature
lipoblasts were found in various stages of development.
Moreover, hyperchromatic nuclei in pleomorphic
tumour cells, eosinophilic cytoplasm and fusiform cells
were evident. (290) On US, liposarcoma is generally
inhomogeneous with hypoechoic or hyperechoic fea-
tures. Also on CT, this myxoid tumour is inhomogen-
eous and has Hounsfield units ranging from near-water
density to that of muscle and may exhibit contrast
enhancement. In addition, cystic areas and septated
areas may be seen in MRI.

7.10 Hepatic osteosarcoma

Primary hepatic osteosarcoma is a very rare mesenchy-
mal tumour, which was first described by J.H. Maynard

et al. in 1969. It is of greyish-white to pale yellow colour
and shows a gritty consistency. It grows rapidly with
an aggressive behaviour. The survival time is short. •
Histologically, there are different components, such as
osteoblastic, chondroblastic and fibroblastic cells.
Numerous osteoblastic-like giant cells are present.
Expression of vimentin is positive, whereas actin, des-
min and cytokeratin are not detectable. The tumour
cells produce lace-like osteoid. (291, 292)

8 Neuroendocrine tumours

These tumours generally grow slowly. They develop
from the neuroendocrine system, which is considered to
be part of the APUD system (� amine precursor uptake
and decarboxylation) (A.G.E. Pearse et al., 1978). However,
due to the secretion of biologically active hormones,
they give rise to manifold clinical symptoms. Such
tumours very seldom develop primarily in the liver.
They meanwhile present a real diagnostic challenge for
today’s sophisticated imaging procedures. (297)

8.1 Hepatic gastrinoma

This primary hepatic gastrinoma is a rare event,
although the liver is a very common site for gastrinoma
metastases. Hepatic gastrinoma is a subtype of the neuro-
endocrine tumour. It tends to occur in slightly younger
patients compared to others with a Zollinger-Ellison
syndrome. Males are more frequently affected than
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females. Gastrin levels in the serum are high. Imaging
procedures for diagnosis include somatostatin-receptor
scintigraphy with 111In DTPA octreotide. Because of the
slow growth and the feasibility of resection, the progno-
sis is relatively good. (293�296)

8.2 Primary hepatic carcinoid

The term “carcinoid” was coined by S. Oberndorfer in
1907 as a result of observations involving tumours in the
small intestine. It was H. Hartmann who first reported a
primary hepatic carcinoid in 1920. To date, only a few
cases have been described in the literature. Its histology
is similar to that of adenocarcinoma, but it is aggressive.
• Hepatic carcinoids are mostly metastases arising from
primary carcinoids in the area of the appendix, stomach
or colon. Such carcinoids may infiltrate the liver dif-
fusely or may form nodes and cysts. Both primary and
metastatic forms have a brownish colour and grow
slowly. Endocrine tumour cells show ribbon-like or
rosette-like patterns; they may develop along the intra-
hepatic bile ducts and possibly lead to the formation of
hepatic carcinoid tumour. The inclination to infiltrative
growth and metastatic spread apparently depends on
the localization and size of the tumour. (298, 301) Expres-
sion of neuroendocrine marker proteins (chromogranin
A, synaptophysin, neuro-specific enolase, etc.), but also
of CEA, is found. (300) A relatively specific marker is
the enhanced excretion of 5-hydroxyindolacetic acid in
the urine (> 30 ng/24 hr).

Biochemical parameters are only slightly altered.
Imaging techniques provide evidence of space-occupy-
ing lesions. In sonography, this tumour is echogenic and
shows many cystic areas. Lesions are markedly hyper-
vascular on colour Doppler US and angiography. (299)
The diagnosis, however, is only secured histologically or
by scintigraphy with I131-meta-iodobenzylguanidine or
octreotide. The carcinoid syndrome is triggered by the
release of serotonin from the tumour cells into the blood
circulation. A larger amount of serotonin in the blood
causes a “flush” (� pronounced redness of the face and
upper body due to vascular dilatation, which may last
several hours) as well as sweats, hypotension and
bronchiospasms. • Octreotide or ketanserin are useful
medicinal agents. Surgery (resection or possibly trans-
plantation) is indicated. Chemoembolization also shows
good results.

9 Malignant lymphoma

Primary malignant lymphoma of the liver is very rare
(A.A. Ata et al., 1965); so far, about 100 cases have been
described. It can occur both in children and in adults;
however, men older than 50 years are predominantly
affected. There is a close association to immunosup-
pressed patients, especially in HIV infection. (304) Single
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observations regarding a pathogenetic relationship with
EBV infection, hepatitis B and C, PBC (308), coeliac dis-
ease and lupus erythematosus have not been confirmed
so far. • Histology shows lymphomatoid infiltrations in
the portal fields; they can penetrate the neighbouring
parenchyma. These lymphomas derive from the lym-
phocytes and Kupffer cells of the portal fields. About
two-thirds of the hepatic lymphomas are B cell type and
one-third are T cell type, the latter usually consisting
of anaplastic large cells (H. Stein et al., 1985). Malignant
lymphomas generally develop as solitary nodes, less fre-
quently in the form of multiple nodes, and, occasionally,
as diffuse infiltrations throughout the entire liver. Spe-
cial forms include low-grade malignant B cell lym-
phoma of the MALT type and γδ-T cell lymphoma. (307)
The latter affects mainly younger adults, and its course
is more aggressive. In this subtype, the spleen and bone
marrow are also involved. • Clinical and imaging find-
ings are not characteristic; in most cases, fever, loss of
weight and night sweats are found. Transaminases may
be increased. Diagnosis is confirmed by histology and
with the help of immunohistochemical examinations of
epithelial and lymphatic antigens. Reactive lymphatic
hyperplasia must be ruled out as a differential diagnosis.
• The mean survival time is 1�2 years. Therapy consists
of resection and chemotherapy. (302, 303, 305, 306, 309)

10 Liver metastases
10.1 Definition

Metastasis (“tumour spread”) is a secondary focus
of disease caused by haematogenic, lymphogenic or
ductal transport of living or dead matter from the
primary focus of disease. • In the narrow sense of the
term, metastasis is the secondary or “daughter” focus
(“filia”) of a malignant primary tumour. It may
manifest as local metastasis (with a local relationship
to the primary tumour as a neighbouring metastasis
due to continuous tumour growth, e. g. in gall-blad-
der carcinoma), regional metastasis (within the
regional lymphatic system) or distant metastasis.
Metastases occur spontaneously or due to mechan-
ical transportation. • Liver metastasis develops via the
portal vein (particularly in carcinomas of the
gastrointestinal tract), via the hepatic artery (e. g.
from the lung, breast, oesophagus, pancreas, and in
melanomas) or via retrograde lymphatic permeation
and extension along the vascular lumen. This occurs
in 30�35% of all malignancies and in 45�50% of
abdominal tumours. In 95�97% of cases, liver metas-
tases cause malignant hepatic lesions.

10.2 Morphology

Liver metastases may occur as well-demarcated solitary
or multiple nodes and can ultimately infiltrate almost
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the whole liver tissue. This metastasis itself results in
extreme hepatomegaly (> 5,000 g). In most cases, there
are clearly limited nodes of a greyish-white colour and
firm consistency. The consistency depends on the ratio
of cancer cells to fibrous stroma. Metastases tend to
bulge from the liver surface; localization is very rarely
confined to the interior of the liver. A solitary node is
found in some 10% of patients at the time of diagnosis;
in 15�20% of cases, only one lobe is affected. • There
is often a central depression due to tumour necrosis
caused by insufficient blood supply within the tumour
(� cancer umbilicus). (s. figs. 37.16, 37.17) Sometimes,
the metastases are enclosed in a fibrous pseudocapsule.
(348) The immediate surroundings of the metastasis are
occasionally characterized by a dark, bluish-red discol-
ouration due to venous hyperaemia (� Zahn’s infarct).
In rare cases (particularly in small-cellular bronchial
carcinoma), diffuse metastasis develops (s. figs. 37.17,
37.18), which resembles liver cirrhosis and may cause
acute liver failure. (312, 329) • Histology is often similar
to that of a primary tumour. (s. figs. 37.19, 37.20) How-
ever, there may also be considerable deviation, which
makes classification of the primary tumour difficult and
uncertain, or indeed impossible. (314) • In liver cirrhosis,
metastases are less frequent, whether due to the altered
vascular structure of the cirrhotic liver, an enhanced
content of metalloproteinases, decreased expression of
adhesion molecules or the fact that the patients do not
survive long enough for the formation of metastases to
become evident � the short survival time is a result of
the combination of cirrhosis and carcinoma. (349) Fatty
liver or angiostatin suppresses angiogenesis in metasta-
ses. (335) By contrast, alcohol consumption enhances
liver metastasis in colon carcinoma. (343) • Spontaneous
regression has been reported. (321, 333)

Adjacent tissue often shows local, non-specific reactive
hepatitis (activation of Kupffer cells, small round-cellu-

Fig. 37.16: Large metastasis in the right hepatic lobe with distinct
“cancer umbilicus” subsequent to breast cancer (serosa, periton-
eum and ligaments without pathological findings)
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Fig. 37.17: Pronounced liver invasion by metastases of varying
sizes partly with “cancer umbilicus” and neovascularization. Clin-
ical diagnosis: bronchial carcinoma

Fig. 37.18: Sinusoidal infiltrates of a small-cell carcinoma of the
lung (HE)

Fig. 37.19: Metastasis of a highly differentiated colonic adenocar-
cinoma (HE)

lar infiltration of the sinusoids and portal fields, single-
cell necroses, nodular infiltrations). (s. fig. 21.1)

10.3 Symptomatology

The occurrence and growth of liver metastases are
accompanied by increasing lassitude and malaise, a per-
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Fig. 37.20: Metastasis of a malignant granulosa cell tumour of the
ovary (HE)

vasive feeling of weakness, febrile attacks, upper abdom-
inal pain, inappetence, night sweats and weight loss.
Pronounced hepatomegaly is often found, together with
a hardening of the liver and occasional palpability of
the tumour nodes. The spleen may also be enlarged.
Jaundice usually develops as the tumour continues to
grow. Pleural effusion, oedema (reflecting obstruction
of the inferior vena cava), ascites (reflecting peritoneal
metastases) (s. figs. 37.21, 37.22), haemoperitoneum
(354) and thrombosis of the portal vein may occur.
Sometimes, there is a swelling of the lymph nodes, espe-
cially in the right supraclavicular region. • Tumour cells
have a limited lifespan in the blood circulation (< 24 hr)
if the defence system of the body is intact. Even if a
peritoneovenous shunt is carried out in malignant as-
cites, metastatic spread is rare.

Fig. 37.21: Pronounced peritoneal metastasis (with simultaneous
liver metastases) in ovarian carcinoma

10.4 Diagnosis

Biochemistry: Non-specific signs of inflammation be-
come more pathological. A rise in γ-GT, initially as an
isolated value, is characteristic; this is then accompanied
by higher cholestasis-related parameters. In addition,
there is an increase in LDH, GPT, GOT and the DeRitis
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Fig. 37.22: Chylous ascites, greenish-coloured due to bile, in colon
carcinoma, with metastases in the liver and peritoneal cavity

quotient. Gamma GT is also seen as a control param-
eter in chemotherapy. In colorectal liver metastases, the
serum value of endothelin 1 is often elevated. (356) •
While tumour markers can be helpful for establishing the
diagnosis and for classifying metastases, they are of even
greater importance in monitoring the course of disease.
(s. tab. 37.12)

Non-specific signs of inflammation
BSR �, CRP �, iron �, copper �, α-globulins �,
fibrinogen �, haptoglobin �, γ-GT �, anaemia, D-dimer �

Cholestasis parameters
AP �, LAP �, γ-GT �

Enzymes
LDH �, GPT �, GOT �, ChE �
GOT/GPT � �2
γ-GT/GOT � �12
(GPT � GOT)/GDH � �15

Tumour markers
Bronchial system CEA, calcitonin, CYFR 21�4
Colon CEA, CA 19�9, CA 50, CA 72�4
Stomach CA 72�4, CA 19�9, CEA
Breast CA 15�3, CEA
Pancreas CA 19�9, CEA
Ovary CA 125, CA 72�4
Prostate PSA
Melanoma S�100
APUDomas NSE
Thyroid gland Calcitonin

Tab. 37.12: Laboratory findings and tumour markers arousing
suspicion in liver metastasis

Sonography: Metastases can be detected from a size of
> 0.5 cm. Due to their high water content, they appear
as hypoechoic lesions. (s. p. 134) (s. figs. 6.13; 37.23)
With continued growth, central echo amplifications
occur due to regressive tissue changes. In metastasis, a
halo has a specificity of 86% and a sensitivity of 88% �
a finding which, however, also applies to benign
tumours. A bulging liver surface or displacement of the
vessels and bile ducts may also point indirectly to
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metastases. Normal sonographic findings do not
exclude metastasis of the liver. • With a sensitivity of
96%, endosonography is the gold standard. (330, 346, 350)
• Detection of calcified liver metastases by sonography
or CT is rare (327); we were able to observe this event
subsequent to surgical removal of a colon carcinoma
and a breast carcinoma. (s. figs. 37.24, 37.25)

Fig. 37.23: Numerous centrally liquefied liver metastases (dif-
ferential diagnosis: liver abscesses)

Fig. 37.24: Calcified liver metastasis and other small hypoechoic
tumours; condition after resection of a colon carcinoma

CT: Most metastases are hypodense prior and subse-
quent to the application of contrast medium. Sensitivity
is 92% in foci of > 15 mm, but only 55% in smaller ones.
When there is concomitant fatty degeneration, CT is
inferior to sonography for the detection of metastases.
The best results were achieved by using spiral CT and
CTAP with a sensitivity of 92�93%; all metastases
larger than 6 mm could be identified. (322, 337, 346, 358)
(s. p. 175) (s. figs. 37.26, 37.27)

MRI: Metastases usually show low signal intensity in
T1-weighted images and high signal intensity in T2-
weighted images. Necrotic metastases may show a signal
intensity in T2-weighted images similar to that of haem-
angioma. In contrast-amplified T1-weighted images,
perifocal oedemas can be distinguished from the
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Fig. 37.25: Calcified metastasis after treatment of breast cancer:
hyperechoic pattern and numerous white nodules representing
microcalcifications (�)

Fig. 37.26: Liver metastases in colon carcinoma with fatty liver:
foci in both liver lobes, hyperdense margin formation with
central hypodensity

Fig. 37.27: Numerous cystoid liver metastases due to a central nec-
rotizing process (differential diagnosis: liver abscesses)
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Fig. 37.28: Laparoscopic staging: peritoneal metastases in gastric
carcinoma

Fig. 37.29: Laparoscopic staging: metastases at the falciform liga-
ment in oesophageal carcinoma

Fig. 37.30: Laparoscopic staging: Melanotic and non-melanotic
metastases of melanoma (right liver lobe with transition to right
abdominal peritoneum; liver capsule/peritoneal adhesions)
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tumour. Haemorrhages are signal-intense in T1-
weighted images. Sensitivity is 85�95% and can be fur-
ther improved when superparamagnetic iron oxides are
used. (322, 337, 359) (s. p. 178) (s. fig. 8.8)

Laparoscopy: If it has not been possible to make a clear
diagnosis, explorative laparoscopy now becomes the
method of choice. (s. figs. 37.16, 37.17, 37.30) This tech-
nique allows excellent inspection of the whole abdominal
cavity, also for the purpose of staging, as well as facilita-
ting targeted, low-risk biopsies, preferably using forceps.
With the help of this method, we very often found small
metastatic foci, for example on the peritoneum (s. fig.
37.28) or the falciform ligament (s. fig. 37.29), which
could not be detected prior to surgery by any other tech-
nique (not even by explorative laparotomy).

All findings are documented using photolaparoscopy and,
together with histology, they can facilitate a more reliable
assessment both for the pathologist and for interdiscip-
linary discussion of any therapy concept which may be
necessary � this applies to other diseases as well. (334, 345,
353) (s. pp 155, 156) • Fine-needle biopsy allows cytological
diagnosis in a high percentage of cases.

10.5 Metastases in children

In children, metastases are also found far more fre-
quently than primary liver tumours. Generally, we may
expect metastases from the same tumour types in chil-
dren as are observed in adults. However, two types of
tumour are particularly important in this respect.

(1.) Wilms’ tumour: This extremely malignant embry-
onic adenosarcoma of the kidney causes liver meta-
stases in 20�25% of cases.

(2.) Neuroblastoma: Liver metastases develop with
extreme rapidity within the first 6�9 months of life. The
general condition is not compromised until later. This
metastatic spread is a result of a sympathogonioma
which has its origin in the adrenal medulla or auto-
nomic ganglia. Such a clinical picture is also termed
Pepper’s syndrome (W. Pepper, 1901).

10.6 Therapy

The manifestation of liver metastases and their progno-
sis are largely determined by the localization and degree
of malignancy of the primary tumour. The survival time
subsequent to the detection of metastases is about 1
year. Patients with liver metastases from colon carci-
noma have the most favourable prognosis.

As a general principle, treatment of liver metastases
should be preceded by an interdisciplinary consensus
conference � this also applies to primary liver
tumour. (s. p. 782)
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10.6.1 Resection therapy

The choice of resection procedure is based on the size,
location and number of the metastases. (310, 317, 319, 347)
(s. pp 782, 870)

Metastasectomy: Using this method, small and superficial meta-
stases can be removed without having to pay attention to vessels; a
safety margin of 1 cm around the metastases should be adhered to.

Segmental resection: In some cases only a monosegment is
resected, in other cases bisegmental or polysegmental resections
are carried out to remove adjacent segments. Under certain condi-
tions, multi-segmental resection is used for removing several seg-
ments from different areas of the liver at the same time. Periseg-
mental resection is necessary when a metastasis is located on the
boundary between two separate segments. • In all these resection
procedures, it is also necessary to adhere to a safety margin of
1cm (although the technique of parenchymal dissection used today
makes it possible to resect with a smaller safety margin). (311, 316,
317, 323, 324, 331, 341, 363)

Parenchymal dissection: Instead of the parenchymal-fracture tech-
nique used in the past, ultrasound dissection or aqua-jet dissection
is now applied.

Parenchymal sealing is usually carried out by means of fibrin spray
if the wound surface is “dry” or by means of argon beamer if the
wound surface is still bleeding.

To date, resection of liver metastases of colorectal or
neuroendocrine tumours is the only treatment option
which may result in definitive removal of the cancerous
disease. Resection is indicated in those cases in which
the primary tumour can be removed completely and
when no further metastases are detectable. Repeated
resection is also possible. Extrahepatic metastases or
involvement of neighbouring organs are generally no
longer regarded as contraindications. (311, 316, 317)

Morbidity should not exceed 30%. Lethality is between
0�3%. The 5-year survival rate following R0 resection
in metastatic colorectal carcinoma is 20�40%, in neuro-
endocrine tumours 90�100%, in malignant melanoma
15�25%, and in breast cancer 10�30%. Prognosis is
poor in metastasizing renal cell carcinoma and in gastric
or pancreatic carcinoma. Both R1 and R2 resection
worsen the prognosis to the same extent.

The following factors are decisive for the success rate:
(1.) age of the patient, (2.) distribution pattern and
number of metastases, (3.) size of the largest metastasis,
(4.) stage of primary tumour, (5.) extrahepatic metasta-
ses, (6.) lymph node involvement, (7.) respective value
of the tumour marker, and (8.) intraoperative blood
loss. (323)

For the follow-up after resection, sonography and deter-
mination of CEA and CA 19-9 (or other relevant mark-
ers) are necessary. In about 60% of cases, resected liver
metastases recur; in about 30% of these patients, repeat
resection is possible. (364)
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In patients undergoing surgical resection of colorectal
liver metastases, haematogenous tumour cell dissem-
ination could be detected in preoperative blood sam-
ples in 30%, in intraoperative blood samples in 46%
and in postoperative blood samples in 22% as well as
in bone marrow samples in 16% of cases. • Thus,
there are once again good reasons for using neoadju-
vant systemic chemotherapy together with periopera-
tive administration of i.v. galactose infusions. (338)

10.6.2 Cryotherapy

This technique, first described by J. Arnott in 1945, was
applied by I.S. Cooper in 1963 for liver metastases. The
treatment uses a probe, introduced (possibly by laparo-
scopy) into the tumour, which is subsequently frozen
with liquid nitrogen at a temperature of �196 °C. The
result is necrotic degeneration of the tumerous tissue.
Usually, two freezing procedures lasting 15 minutes each
are carried out. The risk of damaging the large vessels
is relatively low. The advantage of cryotherapy is that
the tumour cells are kept in place mechanically with the
help of the extracellular ice matrix, thus inhibiting dis-
semination of the tumour cells. The method is painless.
Disadvantages include the high costs and the more pro-
nounced parenchymal trauma. (326, 336, 344, 352, 355) (s.
p. 781)

10.6.3 Liver transplantation

In the case of diffuse metastasizing in the liver due to a
neuroendocrine tumour, transplantation may be indi-
cated.

10.6.4 Local treatment

There are no clear recommendations concerning indica-
tions for percutaneous interventional procedures. It is
uncertain whether the metastases have been completely
removed when guiding is based on imaging techniques.
Moreover, the extent of the placed necrosis can only be
assessed in a limited way; however, evaluation is more
exact if the resected tissue is analyzed histologically.

RFTA: The monopolar system which has been used up
to now will probably be replaced in the near future by
a bipolar system. Coagulation necrosis of up to 5 cm
can be achieved. However, RFTA sometimes has a
negative impact in areas near the large vessels, since the
cooling effect may cause the tumour cells close to the
vessel walls to survive, with a risk of recidivation. In
special cases, RFTA can also be applied as an open
(operative) technique. A combination of ablation ther-
apy and resection is possible. RFTA has several advan-
tages: it is relatively low in cost, there is less parenchy-
mal loss, the procedure is safe and can be repeated. (339)
(s. p. 785)

LITT: Even in the case of liver metastases, the laser
applicator is positioned using a percutaneously or lapar-
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oscopically inserted puncture needle. The procedure
lasts 15�20 minutes. Repeat treatment is possible. (318,
342, 361) (s. p. 785)

PEI: Percutaneous injection therapy with alcohol or
acetic acid is not recommendable in liver metastases.
(325)

10.6.5 Local chemotherapy

TAC: Application of cytostatics is generally carried out
using a port-catheter system via the gastroduodenal
artery and the proper hepatic artery (R.D. Sullivan et al.,
1964). Foci in excess of 2 mm are supplied by this artery
in 80�100% of cases. Moreover, the blood flow can be
slowed down by administering starch microspheres or
similar substances, so that a higher concentration of
cytostatics is achieved in the tumours. In order to avoid
toxic damage, the right gastric artery must be ligated
and a cholecystectomy carried out; cholangitis may
develop as a side effect. (315) In about 30% of patients,
positioning of the catheter is not possible or must be
modified due to vascular anomalies. Therefore, it is nec-
essary to perform a coeliacography preoperatively to
check the anatomy of the vessels. TAC has been applied
for the treatment of colorectal liver metastases using 5-
FU/folinic acid, 5-FU/mitomycin or fluordesoxyuridin
as a continuous i.v. infusion based on (still) varying
schemes. This therapy option is not regarded as effective
for liver metastases. (313, 398, 331, 332, 340, 360) (s. p. 784)

TAE, TACE: Both transarterial embolization and
chemoembolization with the help of a port-catheter sys-
tem via the proper hepatic artery (analogous to TAC)
might be a therapeutic option regarding non-resectable
liver metastases. An indication is also given if there is a
high surgical risk involved. Embolization can be
repeated several times. In metastatic neuroendocrine
tumours, preoperative treatment with somatostatin ana-
logues is recommended. The response rate in colorectal
liver metastases is usually low. In combination with lipi-
odol, however, a response rate of 45% can be achieved
in solitary metastasis. It should be noted that lipiodol
enrichment only occurs at the margins of metastases.
More positive results have been obtained with a combi-
nation of collagen � cisplatin � doxorubicin � mito-
mycin, particularly when administered at intervals of
6�8 weeks. (s. pp 784, 785)

10.6.6 Systemic therapy

In special kinds of tumours, the application of a certain
substance can be helpful as adjuvant therapy.

Anti-hormone therapy: Gastroenteropancreatic tumours
show a good response to the systemic administration
of anti-hormonal substances, especially those which are
directed against the biological activity and peptide
secretion of these tumours. • As a result, octreotide ther-
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apy can be applied as s.c. injection for a longer time.
Follow-up is possible by determining serotonin and
chromogranin A in the serum as well as 5-hydroxyindole
acetic acid in the urine. • In metastasized insulinoma,
diazoxide, a benzothiazide analogue, can block the re-
lease of insulin and increase glycogenolysis. However,
this substance has considerable side effects.

Interferon therapy: The application of IFN is based on
inhibiting protein synthesis and thus cell proliferation.
Its indication is recommended in metastatic neuroendo-
crine tumours.

10.6.7 Systemic chemotherapy

Systemic chemotherapy is usually not indicated in non-
colorectal liver metastases due to lack of response. The
systemic administration of cytostatics (also in combina-
tion) possesses the status of palliative therapy. • How-
ever, in metastatic neuroendocrine tumours, a combina-
tion of octreotide � IFN had a positive effect on the
survival time. Systemic chemotherapy produced remis-
sion rates of up to 60%. (320) • In metastatic breast can-
cer, systemic chemotherapy is indicated, usually in com-
bination with hormonal and immune therapy. (316, 342)
• In metastatic gastric carcinoma, palliative chemother-
apy can achieve a remission rate of up to 40%, with a
slight extension of survival time.

As a rule, the suitability of a combination of cyto-
statics following operative or local interventional
therapy should be discussed at an interdisciplinary
conference.

5-FU monotherapy: In metastatic colorectal carcinoma,
5-FU/folinic acid has constituted the basis of systemic
chemotherapy for more than 40 years: survival time is
prolonged, tumour-related symptoms are diminished
and quality of life improves. Folinic acid is seen as the
main modulator of 5-FU efficacy. Various schemes are
used in different dosages and forms: (1.) O’Connel
scheme, (2.) Ardalan scheme, (3.) Machover’s scheme, and
(4.) Rougier’s scheme. • In the meantime, the De Gra-
mont scheme has been introduced in France (200 mg/m2

folinic acid, 400 mg/m2 5-FU [bolus] and 600 mg/m2 [22
hr i.v. infusion] on day 1 and 2, repeated on day 15),
and the AIO scheme has been introduced in Germany
(500 mg/m2 folinic acid, 2.6 g/m2 5-FU [24 hr i.v. infu-
sion] 6 x / week, 1-week interruption of therapy).

Fluoropyrimidine-based prodrugs: A new development
are the oral prodrugs ftorafur and capecitabin. Both
substances have already proved effective. Capecitabin
should not be combined with folinic acid.

Irinotecan-based combination: Irinotecan is a campto-
thecin-derivative, which as a prodrug is converted into
a cytotoxic agent by means of carboxylesterase. It is
considered to be one of the most active cytostatics in



Chapter 37

advanced colon carcinoma. The combination with 5-FU
as an i.v. continuous infusion is recommended as a pref-
erential form of treatment.

Oxaliplatin-based combination: Oxaliplatin has likewise
been used successfully in combination with 5-FU. The
most important limiting side effects of a long-term ther-
apy are cumulative neuropathic symptoms.

� In metastatic colorectal carcinoma, it is possible to
achieve complete surgical removal (R0) of the metasta-
ses in initially incurable resected patients due to the rela-
tively successful systemic chemotherapy schemes used
today. In about 20% of the patients with oligotropic
metastatic spread, this therapy triad consisting of resec-
tion � chemotherapy � resection can lead to a 5-year
survival rate of 25% (cf. primary curative resection).

10.6.8 Adjuvant measures

The information presented in section 3.9.4 (s. p. 786)
similarly provides a basis for adjuvant or unconven-
tional treatment and for general care of tumour patients
with metastases. (s. tab. 37.10) • In addition, the peri-
operative use of galactose may be worth considering in
surgical (or invasive) treatment of metastases, especially
since it is without side effects and does not involve
undue costs. • Furthermore, we would like to point out
that the administration of zinc and selenium as well as
potassium canrenoate is useful when planning a resec-
tion of metastases. (s. p. 787)
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38 Systemic diseases and the liver

Systemic diseases originating in the haemopoietic or
lymphatic systems and those belonging to the cate-
gory of rheumatic diseases can affect the liver directly
or indirectly.

Haematopoietic system
1. Direct effects on the liver

� pathological extramedullary haemopoiesis in the liver
� disturbed liver haemodynamics following haemolysis

2. Indirect effects on the liver
� reduced defence against infections facilitates bacterial,

viral or mycotic liver damage
� toxic liver damage caused by drugs

(e.g. cytostatics, immunosuppressants)
� graft-versus-host reaction in bone-marrow transplants

Lymphatic system
1. Direct effects on the liver

� pathological formation and deposition of lymphocytes or
lymphoblasts with formation of infiltrates or focal lesions

� cholestasis following mechanically mediated biliary dys-
kinesia

2. Indirect effects on the liver
� reduced defence against infections facilitates bacterial,

viral or mycotic liver damage
� toxic liver damage caused by drugs

(e.g. cytostatics, immunosuppressants)

Rheumatic diseases
1. Direct effects on the liver

� rheumatism-related inflammatory or immunologically in-
duced intrahepatic vasculitis with sequelae

� non-specific reactive hepatitis
2. Indirect effects on the liver

� toxic liver damage caused by drugs
(e.g. antirheumatic agents, immunosuppressants)

Tab. 38.1: Relationship of the liver to the haematopoietic and
lymphatic systems and to the category of rheumatic diseases

1 Systemic haematological diseases

1.1 Extramedullary haemopoiesis
� Intrahepatic haemopoiesis is a physiological process in foetuses
and neonates. From 6th to 24th week of pregnancy, haemopoiesis
takes place in the liver (and spleen) in a diffuse manner within the
sinusoids. Thereafter, focal haemopoiesis may still continue in the
liver up to about the second week of life.

Myeloid metaplasia beyond this physiological endpoint
of intrahepatic haemopoiesis is regarded as a pathological
event. Haemopoietic foci are seen in the sinusoids, in
Disse’s spaces and sometimes to a minor degree in the
portal fields; they consist of erythropoietic and myelo-
proliferative precursors as well as polynuclear giant cells
of the megakaryocyte type. This variety of cells provides
important evidence in histological differential diagnosis
for excluding leukaemic infiltrates and mononuclear
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hepatitis. Myeloid metaplasia accompanies displacement
of the bone marrow, e. g. in osteomyelofibrosis, bone-
marrow carcinomatosis and myeloproliferative diseases.
Occasionally, megakaryocytes are also present in the
liver. Naphtol-AS-D chloracetate esterase-positive cells
of granulopoiesis are a striking feature in this context.
Hepatomegaly is generally found. Ascites can develop
due to portal hypertension. (s. fig. 38.1)

Fig. 38.1: Extramedullary haemopoiesis in the liver with erythro-
poiesis precursors and intrasinusoidal megakaryocyte (�) due to
the so-called marrow-replacement syndrome or chronic myelopro-
liferative disease (HE)

1.2 Acute leukaemia

In acute myeloid leukaemia or lymphatic leukaemia as
well as in acute leukaemic episodes in non-Hodgkin
lymphoma, involvement of the liver may only be detect-
able clinically by the presence of hepatomegaly and sub-
icterus. • Laboratory parameters usually show slightly
elevated transaminase as well as bilirubin values, and
distinct cholestasis is occasionally observed. (7) Acute
hepatic failure can occur during the course of acute
leukaemia. (1, 8, 26, 65) • Histologically, there are massive,
yet uniform blast-cell infiltrates; these are found mainly
within the portal fields in acute lymphatic leukaemia
(about 95%) and within the sinusoids in acute myeloid
leukaemia (about 75%). • Involvement of the liver is of
no consequence with regard to the underlying disease
and its therapy. Secondary infections require systemic
treatment with antibiotics and/or antimycotics.

1.3 Myeloproliferative syndrome

The term myeloproliferative syndrome encompasses the
following: (1.) chronic myeloid leukaemia, (2.) idio-
pathic osteomyelofibrosis and sclerosis, (3.) polycyth-
aemia vera, and (4.) essential thrombocytosis. Inter-
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mediate forms of these manifestations are possible. The
pathogenesis is based on the transformation of a stem
cell and its clonal proliferation. • Chronic lymphatic
leukaemia is classified as malignant non-Hodgkin lym-
phoma. Overlaps between the different forms of disease
are frequent. There is a tendency for fibrosis to develop
in all types of the myeloproliferative syndrome with sub-
sequent sclerosis of bone marrow in later stages. Certain
forms may progress to acute leukaemia, which is termed
blast crisis.

1.3.1 Chronic myeloid leukaemia

In CML, granulopoiesis is markedly accelerated, with
increased formation of immature precursors. This oc-
curs predominantly in the bone marrow. Accordingly,
there is only a rare and slight involvement of the liver
in CML, with the exception of a terminal myeloblast
crisis. (s. fig. 38.2) Hepatomegaly may be very pro-
nounced in some cases. Massive splenomegaly is gen-
erally evident; it often presents as a sugar-icing spleen
(perisplenitis cartilaginea). (s. fig. 38.3) Infiltrations of
immature granulocytes and erythrocytes as well as of
megakaryocytes are identifiable above all in the (gen-
erally dilated) sinusoids. Biochemically, there is an eleva-
tion of alkaline phosphatase and LDH. Complications
include portal hypertension following obstruction of the
sinusoids and as a result of increased hepatic blood flow.
(18) Acute liver failure has been observed. (15) In the
final stage, metastasis-like structures can appear in the
liver (so-called chloroma). Imaging procedures reveal no
abnormalities in the area of the liver parenchyma. (5, 11)
• Therapy with imatinib was recently reported as being
successful.

1.3.2 Osteomyelofibrosis

Osteomyelofibrosis is a chronic, progressive, fibrous
obliteration of the bone marrow. Greyish-white discol-
ouration appears with an increase in collagenous fibrils
and later also in reticular fibrils. Clinically, there is
hepatomegaly (and generally also splenomegaly) correl-
ating with the stage of disease. Arthralgia also occurs
occasionally. • Laboratory parameters may show a slight
elevation of γ-GT, AP, transaminases and bilirubin.
Leucocyte alkaline phosphatase is enhanced. • Histolog-
ically, extramedullary haemopoiesis, comprising eryth-
rocyte and granulocyte precursors as well as dysplastic
megakaryocytes, is found in the liver in > 90% of cases.
(13, 16) (s. fig. 38.1) Infiltrates appear in the sinusoids,
which are partly dilated and display fibrosis and de-
posits of haemosiderin. This results in portal hyperten-
sion (6, 12); ascites (10) and oesophageal varices are rare
(about 7% of cases). Further potential complications in-
clude cholelithiasis (its relationship has not been clari-
fied so far), Budd-Chiari syndrome and portal vein
thrombosis. (2) • The diagnosis is established by liver
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Fig. 38.2: Terminal blast crisis of chronic myeloid leukaemia:
numerous myeloid blasts in the sinusoids (HE)

Fig. 38.3: Splenomegaly with perisplenitis cartilaginea (sugar-icing
spleen) in chronic myeloid leukaemia

histology. Imaging procedures are of no significance
here.

1.3.3 Polycythaemia vera

Liver involvement in Osler-Vaquez disease is rare or not
detectable at all. There is, however, evidence of hepato-
splenomegaly due to extramedullary haemopoiesis. Of
importance here is the association with Budd-Chiari syn-
drome and veno-occlusive disease. Polycythaemia vera
should be considered in cases of aetiologically unclari-
fied portal vein thrombosis.

1.3.4 Essential thrombocytosis

With the exception of occasional hepatosplenomegaly,
liver involvement is rare. There is again an association
with Budd-Chiari syndrome and veno-occlusive disease.
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1.4 Haemolytic syndrome

Numerous congenital or acquired diseases lead to
haemolysis. (s. p. 218) (s. tab. 12.3) They are sub-
sumed under the term haemolytic syndrome. Particu-
larly, sickle-cell anaemia, thalassaemia and paroxys-
mal nocturnal haemoglobinuria are worthy of men-
tion in this context.

1.4.1 Sickle-cell anaemia

This form of genetic haemoglobinopathy is characterized
by chronic haemolysis and haemolytic crises. • Acute
haemolysis is associated with acute right upper quadrant
pain, leucocytosis, jaundice and elevated transaminases,
AP and LDH. This hepatic crisis can mimic acute chole-
cystitis. It lasts 2�3 weeks. The condition is caused by
a slowing down of the sinusoidal blood flow, which con-
tains sickle cells, and, in addition, by a multiplication of
the Kupffer cells. The liver is enlarged, rich in blood
and violet-red. The sinusoids are dilated and contain
agglutinates of sickle cells. The Kupffer cells contain
ceroid and siderin as well as phagocytosed erythrocytes.
(s. fig. 38.4) Single-cell necroses of hepatocytes with
Councilman bodies are detectable. Acute liver failure,
usually with cholestasis and deep jaundice, is a rare
event. • Chronic haemolysis can lead to mostly asymp-
tomatic gallstones (approx. 25% in children, 50�70%
in adults). Furthermore, portal hypertension and portal
fibrosis may develop. (3, 4, 9, 14, 19) Therapy: Exchange
transfusion is indicated. Surgery must be avoided in
cases where acute cholecystitis is only mimicked. • Suc-
cessful liver transplantation has been reported.

Fig. 38.4: Erythrophagocytosis in Kupffer cells (arrows) in haemo-
lytic anaemia

1.4.2 Thalassaemia

As a result of the crises entailing destruction of the red
blood cells and the frequently required blood transfu-
sions, liver siderosis develops. This may subsequently
lead to fibrosis in some cases. Episodic cholestasis can
be witnessed. In progressive siderosis, treatment with
deferoxamine is indicated. Pigment gallstones (s. figs.
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35.16, 35.17) can appear in the course of chronic
haemolysis. (4)

1.4.3 Paroxysmal haemoglobinuria

Paroxysmal nocturnal haemoglobinuria may also give
rise to chronic haemolysis. This membrane defect of the
erythrocytes is due to mutation of the PIG-A gene on
chromosome X resulting in deficient biosynthesis of the
glycosylphosphatidlinositol anchor. The erythrocytes
are sensitive to lysis when the pH of the blood becomes
more acidic during sleep. This clinical picture can lead
to hepatomegaly, a rise in transaminases, iron deficiency
and siderosis as well as centrizonal necrosis. Thrombosis
of the portal and splenic veins as well as Budd-Chiari
syndrome are possible complications. Sclerosing cholang-
itis is likely to develop due to ischaemia. (17)

2 Systemic lymphatic diseases

Hodgkin’s disease and non-Hodgkin’s lymphomas
belong to this group. Liver involvement as a result of
these diseases consists of infiltrates of lymphocytes or
their precursors as well as the formation of lymphatic
tissue nodes. The liver itself has no organ-specific
lymphatic tissue.

2.1 Hodgkin lymphoma

� Th. Hodgkin described the so-called Hodgkin’s lymphoma in
1832; in 1865 S. Wilks coined the term Hodgkin lymphoma. R.
Paltauf reported on lymphosarcomatosis in 1897. • The aeti-
ology of this malignant systemic disease is unknown. Hodgkin’s
lymphoma invariably begins in the lymphatic tissue (� lympho-
granulomatosis), mainly in the neck and mediastinum. The
lymph node swelling is not painful.

Typical Hodgkin cells derive from undifferentiated retic-
ular cells. They have a slightly basophilic cytoplasm and
1 or 2 glowing red or violet nucleoli in a very light,
almost unstained nucleus. These cells are the mononu-
clear precursors of the polynuclear Paltauf-Sternberg gi-
ant cells (R. Paltauf, 1897; C. V. Sternberg, 1936). Such re-
ticular giant cells are considered to be a reliable symp-
tom of Hodgkin lymphoma in the liver (stage IV) when
they are found in the typical cellular environment of a
Hodgkin’s granuloma. • Five forms of Hodgkin lym-
phoma are distinguishable histologically (1965, 1971):

1. nodular sclerosis 40�80%
2. mixed cellular form 20�40%
3. lymphocytotic type 2�10%
4. lymphocytopenic type 2�5%
5. unclassifiable form 1�5%

The liver is the most frequently affected non-lymphatic
organ in Hodgkin lymphoma (30�50% of cases). Liver
involvement is highest in the lymphocytopenic type
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(which also has a particularly unfavourable prognosis)
and in nodular sclerosis. Liver involvement is lowest in
the lymphocytotic type. There is evidence of large, irregu-
larly delineated tumour nodes and multiple, diffusely
distributed nodules or even subcapsular miliary nodules.
These macroscopic forms can also occur in combin-
ation; their histological properties are largely identical.
Acute liver failure can develop. (35, 38) Hepatomegaly is
frequently observed. Splenomegaly is generally associ-
ated with liver involvement. Non-involvement of the
spleen is extremely rare (34); a normal-sized spleen gen-
erally rules out involvement of the liver. • Hodgkin in-
filtrates originate in the portal fields; they are arranged
irregularly. Numerous reticulin fibres and dilatations of
the sinusoids are frequently found in zones 2 and 3. The
infiltrates consist of focally arranged histiocytes, epithe-
lioid cells, eosinophils and small lymphocytes as well as
Hodgkin cells and Sternberg cells. Central venous ob-
struction and endophlebitis can appear as a conse-
quence of Hodgkin lymphoma in the liver. (20, 27, 39, 51,
57) (s. figs. 38.5�38.9)

Fig. 38.5: Hodgkin lymphoma: portal granuloma with Paltauf-
Sternberg giant cell (�) (HE)

Fig. 38.6: Hodgkin lymphoma: relatively well-defined, large intra-
lobular granuloma with numerous Hodgkin cells (HE)

Clinically, there is loss of weight (> 10% within 6
months), fever (� Pel-Ebstein type, i. e. periodic fever at
short intervals), night sweats, weakness, pain in the
lymph nodes (following intake of alcohol) and pruritus
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Fig. 38.7: Late stage of lymphocyte depleted in Hodgkin lym-
phoma (HE)

Fig. 38.8: Hodgkin lymphoma: node at the margin of the left liver
lobe; clear, diffuse (reticular) fibrosis of the liver

Fig. 38.9: Hodgkin lymphoma: several foci up to the size of a lentil
as well as a 1.5 cm tumour node in the greatly enlarged spleen
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(particularly in the later stages). The so-called B-symp-
tomatology (occurrence of weight loss, fever, night
sweats) is mostly present when the liver is involved. (33)

Laboratory investigation reveals highly pathological “in-
flammatory criteria”, which probably point to a con-
suming or malignant process. Alkaline phosphatase and
bilirubin rise in the further course of disease (in about
80% of cases). Lymphopenia and eosinophilia are often
in evidence. (36, 38, 41) (s. tab. 38.2)

Non-specific “inflammatory criteria”
(or indicators of a consuming process)

ESR � α-globulins �
CRP � haptoglobin �
fibrinogen � copper �
iron � cholinesterase �
haemoglobin � D-dimer �

Tab. 38.2: Non-specific “inflammatory criteria” (or indicators of a
consuming process) (s. tabs. 37.6, 37.11, 37.12)

Imaging procedures display focal lesions, which appear
hypoechoic and generally without a halo in sonography;
in the further course of disease, the centre can yield a
more hyperechoic structure. MR-SPECT has proved es-
pecially reliable in this connection. (25, 58, 62) • The diag-
nosis is established morphologically. This can be
achieved most reliably by laparoscopy and targeted
biopsy. (22, 51) Percutaneous biopsy has a low specificity;
it must be carried out, if at all, under US or CT guid-
ance (several samples should be obtained from both
liver lobes). Liver involvement always corresponds to
Hodgkin stage IV (� non-localized, diffuse or dissemin-
ated disease of one or more extralymphatic organs or
tissues, with or without involvement of the lymphatic
system). (43) • Therapy consists of polychemotherapy
and/or intercurrent small-field irradiation, if applicable.
The recurrence rate can be significantly reduced by mild
chemotherapy prior to irradiation. In the case of recidi-
vation, however, high-dose chemotherapy clearly shows
greater efficacy. (53)

2.2 Non-Hodgkin lymphoma

The term non-Hodgkin lymphoma (NHL) subsumes a
large number of different malignant diseases of the
lymphatic system. Taken together, they have about the
same frequency as Hodgkin’s lymphoma. The annual
incidence of the disease in Germany is about 15 per 1
million inhabitants.

� According to their clinical progression, they are classified into
lymphomas of low and high malignancy. Classification is based on
the Kiel Classification (K. Lennert, 1978), the USA Classification
(H. Rappaport et al., 1978) or the New Working Formulation (1980).
Staging corresponds to that of Hodgkin lymphoma (1971), i. e.
liver involvement represents the prognostically critical stage IV. (s.
tab. 38.3) • NHL occurs in three macroscopic forms:
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1. micronodular, disseminated infiltrates
2. macronodular multiple nodes
3. solitary tumour masses

There is (primary or secondary) involvement of the liver
in about 50% of patients with NHL (initially in approx.
20%, postmortem in > 60%). The liver is seldom affected
without simultaneous involvement of the spleen. How-
ever, liver involvement in NHL is of less importance
than in Hodgkin lymphoma. In most cases, lymphocytic
lymphomas result in miliary foci, whereas histiocytic
lymphomas predominantly develop into tumour nodes.
Macronodular, greyish-white nodes and solitary, grey-
ish-white tumour masses are rare. Micronodular, dis-
seminated infiltrates are produced by involvement of the
portal fields, mainly in low-grade malignant forms of
NHL. They appear as barely recognizable, fine-grained,
white foci on the cut surface of the liver. • Diagnosis is
confirmed morphologically with the aid of laparoscopy
and targeted biopsy or forceps biopsy (22, 51), or by per-
cutaneous biopsy under US or CT guidance. The use of
immunohistochemical methods allows further differen-
tiation and a more reliable diagnosis. (20, 21, 37, 52) (s.
tab. 38.3)

Low-grade malignant NHL
I. Derived from lymphatic cells

1. Chronic lymphatic leukaemia
� B-cell type (B-CLL)
� T-cell type (T-CLL)

2. Prolymphocyte leukaemia
3. Hairy cell leukaemia
4. Mycosis fungoides
5. T-zone lymphoma

II. Derived from cells secreting immunoglobulin
1. Immunocytoma
2. Plasmacytoma

III. Derived from germ centre cells
1. Centrocytic lymphoma
2. Centroblastic-centrocytic lymphoma

High-grade malignant NHL
1. Centroblastic lymphoma

(lymphoblastic lymphosarcoma)
2. Lymphoblastic lymphoma

� B-type (EB virus-induced Burkitt lymphoma)
� T-type

3. Unclassified lymphoma
4. Immunoblastic lymphoma

(chiefly reticulosarcoma)

Tab. 38.3: Classification of non-Hodgkin’s lymphomas according
to K. Lennert, 1978 (Kiel/Germany)

Clinically, general symptoms of illness, such as fatigue,
weakness, lack of appetite, loss of weight and fever are
in evidence. A tentative diagnosis is based on hepato-
(spleno)megaly and peripheral lymphadenopathy. • Lab-
oratory investigations reveal “inflammatory criteria” in
relation to the severity and form of NHL, as in Hodgkin
lymphoma. (s. tab. 38.2) LDH and alkaline phosphatase
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are generally elevated; a slight rise in transaminase
values is sometimes evident. There is a strikingly fre-
quent association with HCV infection (28, 29, 32, 44, 55,
60), with AIDS, and possibly also with azathioprine. •
Imaging procedures can provide diagnostic evidence by
displaying local lesions, usually as a singular space-oc-
cupying process of varying echogenicity and density. (42,
54, 58, 62) • The majority of cases are not diagnosed until
they have reached an advanced stage. The symptomato-
logy, course and prognosis depend on the type of NHL.
Fulminant liver failure is relatively frequent � some-
times as the initial manifestation. (24, 30, 31, 40, 45, 50, 63)
• New methods of treatment � in addition to or instead
of interferon � are continuously being sought in the
therapy of NHL. This includes transplantation of blood
stem cells following whole-body irradiation combined
with chemotherapy, chemoembolization or possibly tu-
mour resection. Moreover, rituximab is available as an
antibody against lymphoma cells.

2.2.1 Low-grade malignant NHL

The incidence of low-grade malignant lymphoma shows
an increasing tendency. There are signs of a causal rela-
tionship with environmental factors (e. g. pesticides).
Low-grade malignant NHL leads more often to liver
involvement than do the other forms.

Chronic lymphatic leukaemia: CLL occurs as B-cell and
T-cell types. B-CLL is the most common form (approx.
95%); it is based on the malignant transformation of
B-lymphocytes and occurs mainly in older people. The
surface of B-cells is coated with immunoglobulins of the
heavy chain type. T-CLL results from malignant trans-
formation of T-lymphocytes; it is comparatively rare
(5%). All in all, CLL is the most common form of leuk-
aemia (approx. 30%) and also the most common form
of NHL. The liver is involved in > 40% of cases. • Histo-
logically, there are dense, uniform portal field infiltrates
of small lymphoid tumour cells, whereas lymphoblasts
are generally not detectable. The portal fields are ex-
tended, but the limiting plates usually remain intact and
are only penetrated by the lymphocytic tumour cells in
the later course of disease. (s. figs. 38.10, 38.11) Bridge-
like infiltrates can then develop between the portal
fields. Small infiltrates also occur in the liver lobule. The
sinusoids show a cumulation of round cells. Jaundice
and cholestasis develop following obstruction of the
portal bile ducts. These findings can also be caused by
compression of enlarged lymph nodes. (59) • Compli-
cations include portal hypertension (following fibrosis)
(46), nodular regenerative hyperplasia and cholelithiasis
(due to chronic haemolysis). Micronodular cirrhosis
may also develop. • Therapy is carried out in accordance
with haemato-oncological guidelines, especially with
alemtuzumal (� antibody campath-1 H).

Hairy cell leukaemia: This designation is based on the
microvillar “hairy” surface of the tumour cells. It is con-
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Fig. 38.10: Chronic lymphatic leukaemia: dense portal lymphoid
cell infiltration (HE)

Fig. 38.11: Chronic lymphatic leukaemia: dense portal lympho-
cytic infiltration extending into the liver parenchyma (HE)

sidered to be a special form of B-CLL. The disease be-
gins insidiously, mainly at an advanced age, and it has
a chronic progressive course. (23) Men are affected four
times more often than women. Massive splenomegaly
and panmyelophthisis are already detectable at an early
stage. • In the liver, there is characteristic infiltration
of the sinusoids with intralobular angiomatous changes,
simulating the clinical picture of peliosis hepatis. (66)
The associated angiomatous lesions are covered by
hairy cells. (49, 64) A special feature of the hairy cell
infiltrates is the presence of tartrate-resistant acid phos-
phatase, which is a reaction product of the tumour cells.
Hepatomegaly is often present (in 40% of cases),
whereas lymphadenopathy is very rare. In severe forms
of infiltration, the picture of a nutmeg liver can develop.
Colliquation of liver parenchyma with formation of
lacunas can be detected as focal lesions by means of
sonography and CT. Ascites can occur. • Therapy (with a
generally favourable prognosis) consists of interferon-α
or deoxycoformycin. Hairy cell leukaemia is resistant to
radiation treatment and chemotherapy.

Mycosis fungoides: This malignant T-cell lymphoma be-
gins in the skin, but may also affect internal organs. The
liver is rarely involved; this is more frequently the case
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with the leukaemic variant, the so-called Sezary syn-
drome. In the final stage of mycosis, however, portal
field infiltrations are frequently detectable. They consist
of atypical polymorphic lymphoid Lutzner cells (M.A.
Lutzner et al., 1971) and of larger cells containing hyper-
chromic and highly polymorphic nuclei (� mycosis
cells). The disease is apparently caused by retroviruses.
The prognosis is unfavourable; radiation therapy and
cytostatic agents are ineffective.

Immunocytoma: This tumour originates in three types
of immunoglobulin-secreting cells: (1.) lymphoplasmo-
cytic, (2.) lymphoplasmocytoid, and (3.) polymorphic.
In isolated cases, patients with Waldenström’s macro-
globulinaemia can also be assigned to this category. •
Clinical symptoms include lymphadenopathy, spleno-
megaly, infiltration of the skin, fever, night sweats and
pruritus. Immunoglobulins M and G are elevated. • The
liver is involved in > 90% of cases. The portal fields are
only focally affected. The infiltrates are loosely and dif-
fusely arranged. They frequently contain (50�80% of
cases) PAS-positive, globular, nuclear and cytoplasmic
inclusions, which represent retained immunoglobulins.
The infiltrates also contain a scattering of mast cells and
eosinophils. The limiting plates remain intact. Increased
flooding of the sinusoids is regarded as a sign of a
leukaemic course.

Plasmocytoma: Extramedullary plasmocytic lymphoma
likewise has its origin in immunoglobulin-secreting B-
lymphocytes. It is also termed multiple myeloma. The
condition occurs most frequently in 7th decade of life and
ends fatally after 1�2 (�3) years. • In the liver, there are
sometimes sinusoidal and portal infiltrations of B-lym-
phocytes and plasmocytic tumour cells; nodular forma-
tion can also occur. Generally, however, liver involvement
is found in 40% of cases. (47, 61) (s. fig. 38.12) • Recently,
patients with non-response or relapse after high-dose
chemotherapy were treated successfully with thalidomide
(starting with 200 mg daily, the dose was increased by 200
mg every two weeks until it reached 800 mg per day). (48,
56) • Plasma cell leukaemia is a rare complicative variant
which tends to have its own individual course.

Fig. 38.12: Intrasinusoidal accumulation of atypical plasma cells
in plasmacytoma (HE)
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Centrocytic lymphomas: These have their origin in
lymphatic germ centre cells. Liver involvement occurs in
about 50% of patients. The portal infiltrates consist of
small cells with bright, irregularly shaped, indented nu-
clei. The portal fields are globularly distended as a result
of the infiltration; the limiting plates remain intact,
however, and the portal bile ducts are also undamaged.

Centroblastic-centrocytic lymphomas: This tumour type
also develops from lymphatic germ centre cells. Liver
involvement occurs in about 30% of cases. The portal
fields are rounded due to infiltration; the limiting plates
are penetrated in places. Follicular structures can occa-
sionally be recognized.

2.2.2 High-grade malignant NHL

High-grade malignant lymphomas in the liver bring
about destruction of the periportal limiting plates and
fragmentation or neogenesis of the portal reticular
fibres. All of these extremely malignant forms of NHL
were classified as reticulosarcomas in the past, but only
immunoplastic lymphoma can strictly be assigned to
this category. High-grade malignant NHL is usually
characterized by irregular portal infiltrates, which pene-
trate the limiting plates and show (rapid) destructive
growth. (28, 37) Fulminant liver failure has also been ob-
served. There is usually far less liver involvement in
high-grade malignant NHL than in low-grade forms. •
Good results (complete remission in up to 75% of cases)
could be achieved by shortened CHOP 14 therapy
(cyclophosphamide � hydroxydaunorubicin � vincris-
tine � prednisolone) in 6 cycles, every 2 weeks.

3 Systemic rheumatic diseases

Rheumatic diseases can also cause direct or indirect
liver damage. A common denominator is the frequent
occurrence of HLA type B8. There is frequently a close
association between rheumatic diseases or collagenoses
and chronic viral hepatitis (B, C), autoimmune hepatitis,
primary biliary cholangitis as well as cirrhosis.

1. Rheumatoid arthritis 7. Polymyositis
2. Still’s disease 8. Periarteritis nodosa
3. Adult Still’s disease 9. Lupus erythematosus
4. Sjögren’s syndrome 10. Wegener’s granulomatosis
5. Felty’s sydrome 11. Churg-Strauss vasculitis
6. Polymyalgia rheumatica

Tab. 38.4: Rheumatic diseases causing direct or indirect liver
damage

3.1 Rheumatoid arthritis

The cause of this systemic disease, which has a chronic
course, is unknown. Generally, several small and large
peripheral joints are affected, usually symmetrically.
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Women suffer far more frequently than men. Clinically,
there is arthralgia of varying intensity and symptoms of
chronic proliferative inflammation of the synovial fluid
in the diseased joints. Systemic manifestations can be
recognized on the basis of haematological, neurological,
pulmonary, renal, cardiovascular and hepatic symp-
toms. Laboratory parameters show marked “inflamma-
tory criteria” (s. tab. 38.2) as well as a rise in γ-globulins
and immunoglobulins M and G. The rheumatoid factor
is often detectable. (s. p. 118) Alkaline phosphatase may
be elevated. (100)

Liver involvement occurs in 10�20% of cases. There is
hepatomegaly and a slight elevation of transaminases.
Histologically, inflammatory infiltrates and fatty
changes in the liver cells may be present together with
non-specific reactive hepatitis. (s. fig. 21.1) Slight fibro-
sis or rheumatic nodules may also occur in some cases
after a lengthy period of disease. (67, 76, 79, 85, 91, 94,
101, 107)

3.2 Still’s disease

Juvenile rheumatoid arthritis is termed Still’s disease
(G.F. Still, 1897). The disease begins in the finger joints
and attacks the large joints and the cervical vertebral
column in progressive steps. Lymphadenopathy is also
present. • The liver and spleen may be considerably en-
larged. Despite this, there are only very few histological
findings, such as periportal lymphocytic infiltrates and
Kupffer cell proliferations. (103)

3.3 Adult Still’s disease

Adult Still’s disease presents with seronegative polyar-
thritis, febrile attacks, lymphadenopathy, skin symp-
toms, hepatosplenomegaly, jaundice and involvement of
the pleura and pericardium. • The liver is enlarged in
about 30% of patients; transaminases may be slightly
elevated. Periportal lymphocytic infiltrates and Kupffer
cell proliferation can be demonstrated histologically.
(68, 69)

3.4 Sjögren’s syndrome

Sjögren’s syndrome (H. S. C. Sjögren, 1933) is characterized
by reduced secretion from the salivary and lacrimal
glands with parotid enlargement (and occasional forma-
tion of calculi) together with chronic polyarthritis.
Women in the menopause are mainly affected. Hyperfi-
brinogenaemia is common. The cause of the syndrome
is unknown. • The liver is involved in 5�20% of patients
with “sicca” syndrome. (88) Hepatomegaly and elevated
alkaline phosphatase (25�40%) are detectable. Liver in-
volvement can be ascertained on the basis of the find-
ings of non-specific reactive hepatitis. (96, 99, 106, 107) An
association with Budd-Chiari syndrome has also been
reported. (89)
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3.5 Felty’s syndrome

Felty’s syndrome (A.R. Felty, 1924) is a special form of
seropositive polyarthritis. It leads to considerable
changes in the articular structures. Characteristic find-
ings include splenomegaly, leucopenia, lymphadenopa-
thy and skin pigmentation. Men are mainly affected. •
The liver is involved in about 70% of patients. Transamin-
ases and γ-GT values are moderately elevated, and
there is an occasional rise in alkaline phosphatase.
Lymphocytic infiltrates of the sinusoids, proliferation of
Kupffer cells and periportal fibrosis are detectable histo-
logically. Nodular regenerative hyperplasia can develop,
which may subsequently cause portal hypertension and
macronodular cirrhosis. (71, 95, 104)

3.6 Polymyalgia rheumatica

Clinically, this pathological picture is characterized by
severe pain in the area of the shoulder/upper arm, pelvic
girdle and femoral musculature. Symptoms include fa-
tigue, weakness, fever and loss of appetite. Women are
affected far more frequently than men � generally after
the age of 50. Laboratory parameters show highly patho-
logical “inflammatory criteria” (s. tab. 38.2) as well as
greatly elevated AP, but no antibodies or rheumatoid
serological findings. • Temporal arteritis, which is a spe-
cial form of polymyalgia rheumatica, is frequently
found. • If larger arteries emanating from the aortic arch
are likewise affected, this condition is known as giant-
cell arteritis. (78, 81, 86, 87, 92) The thickened intima and
the media contain histiocytic, lymphocytic and epitheli-
oid cell infiltrates with polynuclear giant cells and
plasma cells. Thrombosis frequently occurs in the af-
fected arteries.

Liver involvement is common. Granulomatous arteritis
of the hepatic artery and its intrahepatic branches gives
rise to the clinical picture of granulomatous hepatitis.
There are lymphocytic infiltrates in the portal fields to-
gether with liver cell necroses, so that chronic persistent
hepatitis is in evidence. Fatty changes in the liver cells
together with hypertrophy of the perisinusoidal lipo-
cytes can also be observed. • Therapy is with glucocorti-
costeroids. (83, 86)

3.7 Polymyositis

Polymyositis can occur as a primary disease or a para-
neoplastic syndrome. Clinically, there is weakness and
pain in the shoulder and hip musculature, with muscular
atrophy. Laboratory parameters show greatly elevated
“inflammatory criteria” (s. tab. 38.2) as well as a rise
in myosin AB. • Liver involvement is characterized by
hepatomegaly, inflammatory infiltration of the portal
fields, fatty changes in the liver cells and single-cell ne-
crosis as well as necrotic foci.
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3.8 Periarteritis nodosa

Necrotizing inflammation of small and medium-sized
arteries as well as of the perivascular tissue (� periarter-
itis) with inclusion of adjacent veins leads to nodular-
aneurysmal changes in the diseased arteries. The arterial
capillaries remain unaffected. The vessel walls are per-
meated by polymorphonuclear leucocytes and mono-
cytes; the inflammatory infiltration does not always in-
volve the entire circumference of the vessel. Vascular
branches are particularly affected. The aneurysmal dis-
tensions of the vessels show a tendency to rupture. •
Clinically, there is evidence of fatigue, weakness, fever,
lack of appetite, myalgia and arthralgia, together with
abdominal pain. Laboratory parameters show highly
pathological “inflammatory criteria” (s. tab. 38.2), in
particular greatly elevated ESR and alkaline phos-
phatase.

If the liver is involved, the respective enzymes (GPT,
GOT, γ-GT, GDH) are increased. There is frequently
an association with HBV or HCV infection (50�75% of
cases). Together with the skin and the kidneys, the liver
is one of the most affected organs. There are cell necro-
ses. Vascular involvement can lead to infarction, intra-
hepatic bleeding (98), acute cholecystitis (leading to per-
foration) (72) and thrombosis. Nodular regenerative
hyperplasia can develop. • Aneurysms in the area of the
medium arteries are detectable by arteriography. Percu-
taneous liver biopsy is not recommended because of the
bleeding risk and the low success rate. • Therapy is with
glucocorticosteroids in combination with azathioprine
or cyclophosphamide. (70, 75)

3.9 Lupus erythematosus

Lupus erythematosus (LE) is a systemic autoimmune
disease, occurring mainly in young women. Its aetiology
is unknown. The clinical symptoms are chronic recur-
rent arthralgia with febrile attacks, lack of appetite, fa-
tigue, decreased performance, skin changes on areas of
the body exposed to light, lymphadenopathy and renal
findings following localized vasculitis. Its biochemistry
is characterized by highly pathological “inflammatory
criteria” (s. tab. 38.2) as well as by the detection of anti-
nuclear antibodies, DNA-AB and the LE factor. LE
cells may be present in the blood or bone marrow (M.M.
Hargraves et al., 1948). Anaemia, leucopenia and throm-
bopenia are also frequently in evidence. In rare cases,
jaundice due to haemolysis occurs.

The liver is involved in 40�60% of cases, but with
greatly varying intensity. Hepatomegaly is frequently
present. Even acute liver failure has been observed.
Discrete laboratory or histological findings relating to
the liver can precede the diagnosis of LE by several
years in some cases. The clinical picture of acute hepa-
titis with cholestasis has also been observed. Histolog-
ically, there is a broad spectrum of changes comprising
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fatty degeneration in the liver cells, chronic persistent
hepatitis, giant cell hepatitis (73, 77), hepatic infarction
(82), cholestasis, veno-occlusive disease (93), nodular
regenerative hyperplasia, and cirrhosis with portal and
pulmonary hypertension. (108) Lupus anticoagulans
(antiphospholipid antibody) can lead to hepatic vein
thrombosis. The activity of LE correlates very well with
the activity of the liver changes. It is a striking feature
that patients with liver involvement complain less fre-
quently of arthralgia, but more frequently have gastric,
thyroid and haematological complications. It should be
noted that there is hepatic idiosyncrasy towards non-
steroidal antirheumatics. (90, 97, 102, 105)

3.10 Wegener’s granulomatosis

Wegener’s granulomatosis (F. Wegener, 1936, 1939) is a
necrotizing form of granulomatous vasculitis originating
in the upper respiratory tract and lungs (rhinitis and
sinusitis with sanguineous secretion, repeated nose-
bleeds, ulcers, encrustations and pulmonary infiltra-
tions). Glomerulonephritis subsequently develops. Fi-
nally, generalized vasculitis can be detected. (80)

The liver shows vasculitis with necrotizing epithelioid
cell granulomas. Non-specific reactive hepatitis is also
present. Therapy is with cyclophosphamide (1�2 mg/kg
BW/day). • We have given an extensive description of
this clinical picture based on 132 cases in the literature
as well as on our own experience. (84)

3.11 Eosinophilic granulomatous vasculitis

Churg-Strauss vasculitis (J. Churg et al., 1951) is charac-
terized by angitis with extravascular granulomas, eosin-
ophilia and bronchial asthma. Allergic factors are held
to be responsible for this disease. Reports on about 200
cases have been published so far; men are affected twice
as often as women. • Histologically, there is necrotizing
inflammation of the small arteries and accompanying
veins with paravascularly arranged granulomas deriving
from macrophages and giant cells as well as leucocytes
and lymphocytes; the centre of a granuloma is strikingly
rich in eosinophils. • Such changes also occur in the
liver. Concurrent involvement of the liver and the omen-
tum can result in a palpable tumour. Therapy is with
glucocorticosteroids. (74)

4 Mastocytosis

Mast cell hyperplasia can affect several organ systems.
Regarding the liver, 50% of cases present as hepato-
megaly. Mast cell infiltrates are found in the portal
fields. They can lead to occlusion of the small vessels
with subsequent fibrosis or cirrhosis. (112) Moreover,
there is evidence of marked lymphadenopathy and skin
lesions. Polygonal cells with eosinophilic granules are
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present in the portal fields. On staining with Giemsa
and toluidine blue, the typical metachromatic cyto-
plasmic granules are sometimes identified. NRH, VOD
and marked fibrosis have been reported and may be the
cause of portal hypertension and ascites. (114, 116) Cir-
rhosis occurs in 5% of cases. (112)

5 Histiocytosis X

In 1938 A.H. T. Robb-Smith mentioned this condition for
the first time. One year later, he and R. B. Scott together
described a disease characterized by “fever, wasting,
generalized lymphadenopathy and hepatosplenomegaly,
which in the final stages was associated with jaundice,
purpura, anaemia and leucopenia”. This disease almost
always resulted in death after an average duration of 15
weeks. The authors termed this condition “histiocytic
medullary reticulosis”. (117) • The term “histiocytosis
X” was introduced by L. Lichtenstein in 1953 (115), sum-
marizing (1.) Letterer-Siwe disease (reticulosis in in-
fancy), (2.) Hand-Schüller-Christian disease (lipogranu-
lomatosis), and (3.) eosinophilic granuloma of bone.
(120) Overlapping syndromes as well as mixed forms of
these three diseases exist. The first two disease forms
are mainly disseminated, while eosinophilic granulomas
generally appear as solitary bone lesions (with a better
prognosis). • The term “malignant histiocytosis” was in-
troduced by H. Rappaport in 1966. These disseminated
forms were distinguished as being benign or malignant
and acute or chronic by W. A. Newton et al. in 1973.

Histiocytosis X is considered to be a form of reticulosis
because of the proliferation and aggregation of Langer-
hans’ cells in the RES. These cells contain so-called Bir-
beck granules and the neural-specific protein S-100. The
involvement of the liver and spleen (which is not evident
in every case) becomes visible as hepatosplenomegaly.
In most cases, there are diffuse, sinusoidal infiltrations
consisting of large, mostly multinucleated, atypical his-

Fig. 38.13: Histiocytosis X: distinct portal inflammation, periduc-
tal infiltration by Langhans cells simulating cholangitis (�)
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tiocytes (usually with hyperchromatic nuclei) and wide-
spread phagocytosis of erythrocytes. (s. fig. 38.4) The
Kupffer cells show hyperplasia. Periportal infiltration
and cell necrosis are sometimes found. (s. fig. 38.13)
Gross tumour-nodule formation in the liver and spleen
is rare. (122) Mild portal fibrosis may be present. (111,
113, 118, 121) In some two-thirds of cases, periportal cho-
lestasis with portal-duct proliferation can be demon-
strated. (109) The clinical picture of primary sclerosing
cholangitis may appear. (119) Occasionally, pronounced
fibrosis with portal hypertension and oesophageal vari-
ces develops. (110) Transition into cirrhosis is possible.
A suitable form of chemotherapy resulted in a 30�40%
decrease in lethality. In portal hypertension, shunt sur-
gery has been applied. Liver transplantation was suc-
cessfully carried out without evidence of recurrent dis-
ease during a 7-year follow-up. (123)
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39 Cardiovascular diseases and the liver

Due to its twofold vascular supply (portal vein, hepatic
artery), the liver is closely integrated into the systemic
circulation. The total blood flow through the liver is
1,500 ± 300 ml/min. Oxygen consumption amounts to 6
ml/min/100g LWW. (s. pp 17, 244) The portal vein sup-
plies about two-thirds of the hepatic flow volume and is
thus responsible for 50% of the oxygen requirement of
the liver. The ratio between portal and arterial perfusion
is about 2 :1; this may, however, be reversed by compen-
satory autoregulation in cirrhosis patients. Blood from
the portal and arterial systems reaches the sinusoids,
where both mixing and pressure compensation occur.
The hepatic blood flow is mainly regulated by inflow
from the hepatic artery, which can be doubled when
more oxygen is required. With continued demand for
oxygen, the high capacity of the liver cell to extract oxy-
gen (up to 95%) compensates for a limited blood flow.
The hepatic flow volume is about 20�25% of the
cardiac output (CO). • In addition, the pressure in the
lesser circulation is transferred directly to the pressure
in the hepatic vein, so that the latter is almost equal to
the pressure in the right atrium. The oxygen saturation
of the arterioportal mixed blood in the sinusoids
decreases continually with the flowing of the blood from
the periportal zone to the central vein. The venous
blood is then carried from the central veins and the
venous branches into the inferior vena cava, usually
through three (valveless) hepatic veins. • This anatom-
ical proximity explains disturbances of the liver function
as well as morphological damage resulting from shock
situations, acute flow block in the hepatic veins and
global heart failure. • Cardiovascular diseases may thus
affect the heart or each of the three vascular systems:

1. Impaired cardiac function
2. Diseases of the hepatic vein
3. Diseases of the portal vein
4. Diseases of the hepatic artery
5. Hereditary haemorrhagic telangiectasia

1 Cardiocirculatory disorders
of the liver

� The functional relationship between the heart and the liver
has been known since ancient times. In animal experiments con-
ducted in 1914, C. Bolton examined the effects of a ligation of
the inferior vena cava on liver histology for the first time. •
N. Jolliffe (1929) detected clinically measurable changes of the
hepatic function in congestive heart failure. (10) • Systematic
investigations carried out by S. Sherlock (1951) showed the con-
sequences of passive liver congestion on hepatic morphology:
complete cirrhosis was observed in 25.5% and an increase in
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reticular fibres in 27.5% of cases; the liver was without patho-
logical findings in 47% of cases. • Autopsies carried out by
P. Kotin (1951) showed “cardiac cirrhosis” in 10% of patients
suffering from right heart insufficiency. (13) • Subsequently, the
effects of cardiocirculatory disturbances on various partial
functions and on the morphology of the liver, including the
effects of drug metabolism, were presented in numerous publi-
cations.

Pathophysiology

� The close functional relationship between the heart
and the liver is based upon two physiologic facts:
(1.) The hepatic flow volume is 20�25% of the CO and is
thus directly dependent on the cardiac ejection volume.

(2.) The pressure in the lesser circulation is transferred
directly to the valveless hepatic veins and may thus also
reach the central veins.

� Even though the pathophysiology of hepatic changes
during circulatory shock and in chronic liver congestion
is very complex, two single mechanisms may be held
jointly responsible for the impairment of metabolic and
excretory liver functions:

(1.) Reduction in blood flow through the liver with
hypoxia.

(2.) Increase in hepatic vein pressure with centrilobular
hyperaemia.

� Circulatory disturbances within the hepatic lobules
are of central pathophysiological importance; three dif-
ferent forms can be differentiated:

(1.) Disturbed outflow: the microscopic correlate is
centrilobular hyperaemia; macroscopically, the liver is
enlarged and has a dark red colour.

(2.) Disturbed inflow: hypoperfusion due to arterial, por-
tovenous or combined oligaemia results in centrilobular
necrosis or even anaemic liver infarction.

(3.) Disturbed flow: primarily, this occurs intralobularly
as a result of various disorders (e. g. DIC, intrasinus-
oidal fibrin precipitation, centrilobular increase in
fibres).

The liver may be involved in numerous ways due to
acute, short-term disturbances of the cardiocirculatory
function or due to chronic, long-term heart failure:

Acute heart insufficiency Chronic heart insufficiency

1. Shock liver 1. Chronic liver congestion
2. Acute liver congestion 2. Congestive fibrosis

3. Cardiac cirrhosis



Cardiovascular diseases and the liver

Heart insufficiency

Acute Chronic

CO ↓ CVP ↑

Hepatic blood flow ↓ Hepatic vein 
pressure ↑

Hypoxia of liver cells Centrilobular
congestion

Liver cell necroses Atrophy of liver
cell trabeculae

Restitution Congestive fibrosis

Liver function ↓
Jaundice

Tab. 39.1: Pathophysiology of cardiocirculatory changes in the
liver

1.1 Acute heart insufficiency

Shock liver and acute liver congestion often display very
similar histological changes, while the pathophysiologic
features, such as laboratory findings, functional tests
and drug metabolism, vary considerably. • Cardiogenic
shock resulting from myocardial infarction is considered
to be both a typical and frequent cause of shock liver,
while acute liver congestion (acute right heart insuffi-
ciency) is in most cases the consequence of pulmonary
embolism. • During shock, the liver is involved in two
ways: (1.) it is an important regulatory organ (� liver in
shock), and (2.) its function and morphology are com-
promised by shock mechanisms (� shock liver).

1.1.1 Shock liver

This condition is characterized by reduced hepatic
blood flow (CO �) and hepatocellular hypoxia, result-
ing in a loss of glycogen and the formation of hypoxic
vacuoles in the hepatocytes; there are also coagulation
necroses in acinar zone 3. It is a striking feature that the
function of the liver is only mildly compromised and
recovers quickly once the circulation is stabilized. Since
the lattice fibre framework is generally intact, the
centrolobular necroses do not leave behind any scars.
During this phase, we only detected slightly delayed
indocyanine green (ICG) elimination, while galactose
elimination capacity and theophylline clearance were
slightly inhibited. (18) This means that essential partial
functions of the liver are relatively independent of the
blood flow and that short-term hypoxia can be compen-
sated by increased extraction of oxygen. By contrast, we
also found greatly increased GOT and GPT values
similar to those present in “hepatitis”, with low-grade
cholestasis and jaundice. The terms ischaemic hepatitis,
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hypoxic hepatitis or acute hepatic infarction are alterna-
tive definitions. (4�6, 11, 25, 29) In shock liver, there is
therefore a marked discrepancy between a relatively
slight reduction in excretory and metabolic functions
and considerable liver cell damage detectable by enzyme
analysis. • The hepatic blood flow is decreased due to
shock-induced hyperperfusion of the heart and brain
with simultaneous vasoconstriction in the splanchnic
nerve area (� centralization of circulation). However,
liver cell damage often develops or intensifies as a result
of subsequent reperfusion, whereby the substances that
are introduced in increased amounts at this point (endo-
toxins, cytokines, biogenic amines, degradation pro-
ducts, etc.) are probably the main cause of such liver
cell damage. (26) The damage occurring in shock liver
and acute liver congestion may thus be due to ischaemia
and/or ischaemic-toxic factors. (2, 3, 27) (s. fig. 39.1)

1.1.2 Acute liver congestion

In our investigations, patients suffering from acute right
heart insufficiency showed considerable delays in ICG
half-times. In an earlier study, we were able to demon-
strate a close correlation with right-sided atrial pressure.
Theophylline clearance was likewise greatly delayed.
Standard enzymes showed only slightly increased or
even normal values; hyperbilirubinuria, which is consid-
ered to be the most sensitive laboratory value in liver
congestion, was generally present. Thus there is also a
discrepancy between “liver function” and “cell damage”
in this context � albeit exactly the reverse of that found
in shock liver. (16, 18) Patients suffering from acute liver
congestion have considerably impaired metabolic and
excretory functions, even after clinical recompensation.
Perisinusoidal oedema resulting from elevated hepatic
vein pressure is of the utmost pathogenetic significance
in acute liver congestion because it lengthens the transit
route. In acute congestion, the liver is capable of taking
up blood equivalent to 70% of its own weight (approx.
1.0�1.5 l), so that both circulatory overload and tachy-
cardia are reduced.

Morphology: Within the first day following the onset of
acute liver congestion, massive sinusoidal hyperaemia
and perivenous cell necroses occur due to the fact that
centrilobular oxygen saturation is lower than that of the
lobular periphery. The reticular fibre framework usually
remains intact. In addition, venous stasis may occur,
especially in acute congestion, including dilatation of
the central veins and sinusoids with blood pooling,
resulting in hepatomegaly. Macroscopically, the liver
appears heavy and dark red. Microthrombi may be pre-
sent due to disseminated intravascular coagulation
(DIC). They can form the basis of later diffuse calcifica-
tion. This might be related to the disturbance of intra-
cellular calcium homoeostasis due to ischaemia. (27)
After recompensation, numerous granulocytes and pig-
ment-loaded macrophages subsequently appear, fol-
lowed by proliferating epithelial cells. The necrotized
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Fig. 39.1: Centroacinar shock necrosis and acute haemostasis in
the liver (HE)

Fig. 39.2: Acute blood stasis with centrilobular congestion and
centricentral congestion paths

cells and erythrocytes are phagocytized by the Kupffer
cells. Morphological repair starts after about 5 days and
is completed within 3�4 weeks. (1, 16, 19) (s. tab. 39.1)
(s. figs. 39.1, 39.2)

Drug metabolism: According to present knowledge,
there is a delay in the elimination of certain drugs in
patients with acute heart insufficiency. Thus, a dose
reduction may have to be considered in some cases. In
particular, these drugs include quinidine, cumarin/war-
farin, digoxin, hydrochlorothiazide, lidocaine, mexilet-
ine, procainamide and theophylline. (16, 18) • Our studies
demonstrated a 30% reduction in the elimination rate of
flow-limited (� ICG) and capacity-limited (� galactose,
theophylline) substances. We found a normal glucuro-
nidization capacity for 4-methylumbelliferone, but a sig-
nificant delay in the biliary excretion of 4-MU-monoglu-
curonide. (15) These findings are considered to be the
cause of conjugated hyperbilirubinaemia, which is com-
mon in patients suffering from a congested liver.

Clinical features: Acute liver congestion results in upper
abdominal pain due to stretching of the capsule caused
by liver enlargement; this might even mimic an acute
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abdomen. There have also been courses with fulminant
liver failure, particularly with existing chronic heart
insufficiency. (8, 20, 24, 26) In addition to the laboratory
findings given above, it is worth mentioning the increase
in GDH, mainly localized in the centrilobular cells. The
ratio (GOT � GPT) : GDH is < 10. (s. tab. 5.6) In gene-
ral, LDH is markedly elevated. Mild jaundice is often
in evidence; hyperglycaemia and renal impairment may
occur. A decrease in Quick’s value may point to DIC.
An increase in transaminases due to ischaemia (with
bioptic detection of centrilobular cell necroses) was
observed even in cases of severe hypoxaemia caused by
sleep apnoea in patients with considerable obesity (with-
out cardiac or respiratory dysfunction!). (5) Imaging
procedures show hepatomegaly and dilated hepatic
veins. • Treatment consists of stabilizing the circulation
and eliminating the causes.

1.2 Chronic heart insufficiency

The hepatic blood flow is decreased in chronic heart
insufficiency, and there is disturbed venous outflow, i. e.
cardiac output is diminished. There is also a pressure
increase in the splanchnic nerve area with subsequent
blood pooling as a result of the rise in CVP. The mark-
edly reduced hepatic blood flow at first evokes an
increase in oxygen extraction, but after its elimination,
hypoxia with centrilobular cell necroses follows. The ele-
vated CVP extends as far as the central veins, so that
dilatation and hyperaemia of the sinusoids occur. Peri-
central atrophy in the liver cell trabeculae develops at a
later stage. (s. tab. 39.1) (s. fig. 39.3)

Fig. 39.3: Chronic passive congestion with centroacinar paren-
chymal atrophy and fibrosis (HE)

Chronic congestion leads to an enlarged and plump liver
with a dark red (purplish) colour. The central veins are
dilated. In continued congestion, stasis paths develop
between the central veins, resulting in the formation of
confluent stasis areas. Various degrees of fatty changes in
the liver cells as well as pigment deposits (lipofuscin, cer-
oid) appear. In the course of time, fibrosis of sinusoidal
reticular fibres takes place; fibroses can also be observed
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along the stasis paths. In about 15% of cases, periodic
acid-Schiff positive and diastase-resistant hyaline glob-
ules can be found. They are typically located directly
around the zones of centrilobular congestion in hepato-
cytes. These globules range in size from 3 to 20 µm; they
occur either as one or two large globules or as clusters of
smaller inclusion bodies. (12) The extent of the congestive
fibrosis depends largely upon the degree of cardiac con-
gestion. (s. fig. 39.3) In 147 patients with chronic pulmo-
nary heart disease, it was possible to demonstrate conges-
tive fibrosis by autopsy in 14�42% of cases (depending
on the degree of severity and the duration of disease). (7)
• Chronically indurated nutmeg liver (F. Kiernan, 1833)
develops gradually; the cut surface of such a diseased
liver shows sunken, dark red centrilobular zones and
slightly raised bulging, yellowish to pale brown (depend-
ing on the degree of fatty changes) peripheral areas of the
lobules. • Cardiac cirrhosis was mentioned in older studies
in up to 10% of cases. (13) Our own studies did not yield a
single case of cardiac cirrhosis. (7) This clinical picture
must be considered rare and is most likely in cases of con-
strictive pericarditis or in long-standing tricuspid valve
insufficiency. It is assumed that the development of
cardiac cirrhosis originates in sinusoidal thrombosing
processes which extend to the vascular bed of the hepatic
veins. (23, 30) Distinct regenerative nodes are not found in
cardiac cirrhosis; this condition generally does not lead
to extrahepatic cirrhosis-related complications.

Clinical features: With regard to the main findings of
chronic heart insufficiency, the liver is symptom-free,
apart from tenderness upon pressure in the right upper
abdomen corresponding to hepatomegaly. On palpation,
the liver is hard and has a smooth surface. Splenomegaly
is detected in about 20% of patients.

In this condition, hepato-jugular reflux is positive if the
venous channels between the hepatic and jugular veins
are patent (i. e. long-standing pressure below the right
costal arch accelerates the filling of the jugular veins,
since the insufficient right ventricle is incapable of trans-
porting the rising amount of blood supplied by the
liver). • When the result is negative, the free passage
between the hepatic veins and the jugular vein is
interrupted. This sign is useful for diagnosing tricuspid
regurgitation.

According to our own investigations, P-III-P concentra-
tion is the most important laboratory parameter (17): it
is significantly higher in patients suffering from chronic
liver congestion (due to the activity of fibrogenesis).
There was also a correlation with the pressure in the
right atrium. Moreover, the P-III-P value allowed a fol-
low-up of chronic liver congestion or chronic congestive
fibrosis. No correlation with hepatic biochemical stand-
ard values was found � these were normal or only mar-
ginally elevated. (14, 16, 17) Only the serum bilirubin was
slightly increased in most cases. ICG elimination and
the galactose elimination capacity were significantly
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Fig. 39.4: Sonographic image of chronic liver congestion with
dilated hepatic veins and inferior vena cava

reduced. Severe jaundice may occur in heart failure (22),
in some cases with massive liver cell necroses.

Hepato(spleno)megaly is detected by sonography. The
liver margin is rounded, the reflex pattern is dense and
inhomogeneous. The hepatic veins are enlarged (at the
confluence > 12 mm). (s. fig. 39.4) The inferior vena
cava presents a rather rigid wall without respiratory-
dependent lumen fluctuations. Smaller amounts of asci-
tes are frequently detectable. Echocardiography and col-
our-encoded Doppler sonography are among the most
important diagnostic and monitoring methods. (9) CT
may yield additional findings of chronic liver conges-
tion. (21)

2 Disorders of the hepatic veins
� The hepatic venous blood flow begins in the central veins of the
lobules (so-called terminal hepatic vein), drains into the sublobular
veins (� intercalated veins), from there into the collecting veins and
then into the truncal veins. Perivenous connective tissue increases
with the diameter of the vein. Venous blood reaches the inferior
vena cava via three (valveless) hepatic veins; the confluence is below
or within the diaphragm. From the caudate lobe, 1�2 small veins
open directly into the inferior vena cava, as do a few small veins
from the posterior segment of the right lobe of liver. (s. p. 17) •
There are generally no anastomoses between the hepatic veins and
the portal vein, except in liver cirrhosis. Similarly, no anastomoses
are present between the hepatic veins and arteries either in a heal-
thy liver or in a cirrhotic liver. • Normal hepatic vein pressure is
about 6 mm Hg. Oxygen saturation of the hepatic veins amounts
to approx. 67%.

With regard to the main diseases of the hepatic venous
system, three types worthy of mention can be distin-
guished:

1. Budd-Chiari syndrome
2. Veno-occlusive disease
3. Endophlebitis obliterans hepatica
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2.1 Budd-Chiari syndrome

2.1.1 Definition

The Budd-Chiari syndrome (BCS) is defined as par-
tial or complete obstruction of the hepatic veins due
to thrombosis. This may affect the whole hepatic
venous system from the central vein to the large
hepatic veins, even as far as the opening of the in-
ferior vena cava into the right atrium. However, the
obstruction can simply occur in individual branches
of the hepatic veins and thus affect only certain areas
of the liver. The syndrome may have an acute onset
or begin insidiously and take a chronic course. The
clinical picture is usually characterized by the Chiari
triad : hepatomegaly, abdominal pain and ascites.

� Reynaud (1829) was the first to report thrombosis in the vena
cava with involvement of hepatic veins and the development of
collateral circulation. In 1842 E. Lambron described inflamma-
tion of the hepatic veins concomitant with a liver abscess. • In
1845 the English internist G. Budd reported three further cases:
in two of them, hepatic vein thrombosis was likewise caused by
liver abscesses, whereas no cause was evident in the third case
although membranes were detected in the hepatic veins. • In
1899 the German pathologist H. Chiari, who was working in
Prague at that time, gave an account of two of his own patients
and assessed the 8 cases which were known to him from the
literature. However, more than 25 cases of veno-occlusive dis-
ease had already been reported prior to Chiari’s publication. •
The above-mentioned clinical picture with unclarified aetiology
was defined by H. Chiari (1899) as primary phlebitis of the large
hepatic veins with secondary thrombosis, which he regarded as
a separate entity. This gave rise to the term endophlebitis obliter-
ans hepatica (s. p. 833), also called Chiari’s disease.

2.1.2 Aetiology

Aetiologically, BCS is characterized by an extremely
heterogeneous clinical picture, even though it is initially
possible to categorize the majority of causes into four
groups: (1.) hypercoagulopathies, (2.) infections, (3.)
malignant diseases, and (4.) endotheliotoxic substances.
In 80�90% of patients, BCS can be attributed to a spe-
cific cause. The disease has often been detected during
pregnancy as well. The observation that women con-
tract the disease twice as often as men following the
introduction of oral contraceptives supports the aetio-
logical theory that it is linked to an increase in the
oestrogen/progesterone level. The discovery of new
genetic defects causing hypercoagulability can also
explain some cases of BCS. (56) • A membranous obstruc-
tion, especially close to the opening of the middle and left
hepatic veins into the inferior vena cava, is considered to
be an aetiological peculiarity. Such a “web” varies from a
thin membrane to a thick fibrous band. (73) This unusual
phenomenon is often encountered in India, Japan and
South Africa (congenital?, phytotoxins?). A chronic
course develops. (s. tabs. 14.5; 39.2) (s. pp 249, 548)
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Fig. 39.5: Budd-Chiari syndrome due to essential thrombocythaemia.
Long-standing thrombotic occlusion of a liver vein (van Gieson) (s.
fig. 29.9)

2.1.3 Morphology

Laparoscopy: The liver is enlarged and displays a dark
reddish cyanotic surface with a rounded margin. Con-
gested veins and collaterals in the abdominal region sug-
gest portal hypertension. Transformational processes
may occur in a chronic course (in 30�40% of cases) or
when the liver is only partially affected, so that even
the picture of a cirrhosis has been observed. Ascites,
occasionally also in its sanguinolent form, is detected in
most patients.

Liver biopsy: Histology reveals pronounced centrilobu-
lar congestion as well as sinus ectasia, necroses and
thrombi in the central veins, which are either fresh or
are already organized. Parenchymal atrophies and nodal
transformational processes can be observed after a
longer period of time. (s. figs. 29.9; 39.5)

2.1.4 Clinical features

BCS is a rare disease and responsible for about 5% of
all cases of portal hypertension. The highest incidence
is observed in 3rd and 4th decades. Frequency varies con-
siderably in different countries and regions depending
on its aetiology. • The clinical picture is determined by
the course of disease and therefore there is great vari-
ability in findings. In chronic BCS, abdominal pain is
mild, and hepatomegaly develops only gradually.
Splenomegaly, diarrhoea and ascites, including oedema
in the legs, are occasionally in evidence. Oesophageal
varices may develop as a result of postsinusoidal portal
hypertension. Non-characteristic symptoms (fatigue,
inappetence, weakness, meteorism) are present in most
cases. All laboratory parameters may remain in the nor-
mal range for a long time. • A far smaller percentage of
patients suffer from acute BCS with severe pain in the
upper abdomen, nausea, vomiting and malaise. Jaun-
dice is often present. Hepatomegaly develops rapidly.
Acute BCS can present clinically as acute liver failure.
(60) The caudate lobe is enlarged as it has efferent
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hepatic veins of its own, which circumvent the main
branches of the hepatic vein and lead directly to the
inferior vena cava. (33) As a rule, in an enlarged caudate
lobe, which may also compress the inferior vena cava, it
is technically impossible to apply a portacaval shunt. In
cases of severe parenchymal deterioration, there is a risk
of hepatic encephalopathy and hepatorenal syndrome.
The prognosis of acute BCS is very poor; the dramatic
course of the disease rapidly leads to liver failure. (38,
40, 50, 51, 54, 60, 69)

1. Hypercoagulopathies
Antiphospholipid syndrome (59)
Antithrombin III deficiency
Essential thrombocytosis
Factor V mutation (39)
Lupus anticoagulant
Myeloproliferative disease (31)
Paroxysmal nocturnal haemoglobinuria
Polycythaemia vera
Protein C deficiency (68)
Protein S deficiency
Sickle-cell anaemia

2. Infections
Amoebic liver abscess
Aspergillosis
Crohn’s disease
Echinococcosis
Hepatic abscess
Schistosomiasis
Syphilis
Tuberculosis

3. Malignant diseases
Adrenal carcinoma
Bronchogenic carcinoma
Fibrolamellar carcinoma
Hepatocellular carcinoma
Leiomyosarcoma
Leukaemia
Renal cell carcinoma
Rhabdomyosarcoma

4. Endotheliotoxic substances
Cytostatics (63)
Azathioprine
Phytotoxins

5. Hormonal factors
Oral contraceptives (56)
Pregnancy (46)

6. Immunological factors
Behçet’s disease (34)
Hypereosinophilia
Sarcoidosis (64)
Sjögren’s syndrome (53)

7. Other aetiological observations
Abdominal trauma
Laparoscopic cholecystectomy
Membranous obstruction (73)
Polycystic liver disease (35)
Retroperitoneal neurilemmoma (65)
Tumour in the right atrium (42)

8. Cryptogenic

Tab. 39.2: Possible causes of the Budd-Chiari syndrome (including
some references) (s. figs. 29.9; 39.5)
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2.1.5 Diagnosis

Laboratory parameters are irrelevant for diagnosis!
Transaminases, LDH, GDG and alkaline phosphatase
are in general moderately increased, and hyperbilirubin-
aemia can be detected in 20�25% of cases. The albumin
level is usually reduced; hypoproteinaemia may be
caused by protein-losing enteropathy. Evidence of
disturbances in blood coagulation, with regard to both
hypercoagulopathic status and haemorrhagic diathesis,
is of significance. P-III-P serum values rise in chronic
courses with increasing fibrosis. Liver function tests,
however, generally show normal results.

Sonography shows hepatomegaly and inhomogeneous,
hypoechoic zones. The hepatic veins are invisible or pre-
sent as narrow structures only. The caudate lobe is
enlarged and often causes an hourglass-like constriction
of the inferior vena cava. Ascites is confirmed. Colour-
encoded duplex (or Doppler) sonography is a valuable
additional means of examination. The diagnosis proves
to be correct in 85�90% of cases; the results are further
improved by CT angiography or MR angiography. (23,
37, 45, 54, 69)

Computer tomography, especially when coupled with a
contrast medium and in the form of CTAP, is an excel-
lent tool for analyzing the venous blood flow and
detecting any disturbances in inflow or outflow. Throm-
bosed hepatic veins are not visible; the parenchyma is
characterized by an inhomogeneous, patch-like en-
hancement. (s. fig. 39.6) • MRI provides reliable evalua-
tion by means of multiphase, contrast-enhanced, three-
dimensional MR angiography.

Angiography, coupled with cavography and venography
of the liver, is the most reliable examination method:
venous obstructions can easily be localized, and the
residual venous blood circulation always displays a
spider web-like picture. • In some 20% of cases, the por-
tal vein is also thrombosed, indicating arteriography in
the form of indirect splenoportography. In addition,
angiography also offers the therapeutic possibilities of
interventional radiology. (36, 43)

Histology: In cases where histological evidence is
required, samples should be taken from both liver lobes,
since the expressivity of the histological picture can vary
greatly in different sections of the liver in BCS. The best
technique in this connection is laparoscopy (possibly
combined with targeted biopsy). Although the risk of
haemorrhage is generally high in biopsy, intense bleed-
ing or delayed coagulation can be effectively reduced
and more easily controlled under laparoscopy. As a rule,
however, the laparoscopic image of BCS is impressive
enough per se � especially if supported by imaging pro-
cedures � so that biopsy and the accompanying risks
can indeed be avoided altogether.
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Fig. 39.6: Budd-Chiari syndrome: pronounced collateral circula-
tion resulting from thrombotic occlusion of the right hepatic vein.
• Re-opening of the vessel and rapid reduction of the collateral
vessels following successful balloon dilatation

2.1.6 Treatment

There are very few reports of spontaneous remission even
in partial BCS. • The therapeutic principle in all cases is
to remove liver congestion, limit and lyse any thrombo-
ses as well as eliminate ascites. (40, 51, 69) • Medication
includes immediate lysis treatment followed by heparini-
zation. Despite initial success, frequent complications
have been reported (e. g. pulmonary embolism, re-occlu-
sion, intraperitoneal bleeding). (66) • Percutaneous bal-
loon angioplasty was first used by S. Eguchi et al. in 1974
in membranous obstruction of the inferior vena cava
and was subsequently applied in BCS. (73) (s. fig. 39.6)
In some cases, a stent implantation proved to be success-
ful. (49, 70, 71, 72) The significance of percutaneous trans-
luminal angioplasty is not only based on its long-term
therapeutic effect, but also on its combination with
operative shunts or other surgical techniques. (36, 43)
This method was improved by laser assistance (S. Furui

et al., 1988) • To date, a total of 23 different surgical tech-
niques have been reported (32, 47, 50, 54, 58, 69), consisting
mainly of shunt placements, preferably the mesocaval
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shunt, bypass operations, resections, thrombectomies
and liver transplantation. Even though it is technically
difficult, dorsocranial liver resection with direct hepa-
toatrial anastomosis successfully corrects the venous
perfusions of the liver physiologically. Meanwhile, the
transjugular intrahepatic portosystemic stent shunt
(TIPS) has proved effective. (44, 55, 57, 62) It is relatively
quick and easy to apply, has proved to be a low-risk
procedure and can be carried out before resorting to
other invasive or surgical techniques. Thus it is possible
to bridge the time required for planning any surgical
intervention or liver transplantation. The latter is
urgently indicated in an acute course. Continuous long-
term anticoagulation is necessary even after transplan-
tation, as is also invariably the case with all of the
above-mentioned treatment measures. (44, 48, 61, 67)

Constrictive pericarditis: The clinical picture and hepatic
changes of the liver are similar to those of the Budd-
Chiari syndrome. Considerable thickening of the liver
capsule may resemble sugar icing. The liver is enlarged
and firm. Tense ascites is present. Histologically, the
changes resemble those of cardiac cirrhosis.

2.2 Veno-occlusive disease

2.2.1 Definition

Veno-occlusive disease (VOD) is characterized by
thrombosis of the central and small (sublobular)
hepatic veins. It is also known as the radicular form
of the Budd-Chiari syndrome or as the Stuart-Bras
syndrome. (s. tab. 14.5) (75, 92, 93)

2.2.2 Aetiology

Toxic substances or physical impact cause direct damage
to the centrilobular veins as well as to the small
branches of the hepatic veins, resulting in subsequent
thrombosis. • The first reports were published simultan-
eously in South Africa (G. Selzer et al.) and Jamaica (K.R.
Hill) in 1951. This disease of the small branches of the
hepatic veins is due to chronic intoxication with pyrroli-
zidine alkaloids, which can be found in plants such as
genera Senecio, Crotalaria, Heliotropium and Cyno-
glossum. Intake occurs by drinking medicinal tea or
through consumption of contaminated pulses and cer-
eals. In 1974 and 1978, epidemic-like outbreaks of VOD
were observed in Afghanistan and India after local in-
habitants had eaten cereals contaminated with pyrro-
lizidine alkaloids. The real toxicity of these alkaloids is
based upon their transformation into alkylating pyrrole
derivatives, which are toxic to endothelial cells and
hepatocytes. • Other important causes of VOD include
cytostatics, immunosuppressives, radiotherapy (> 30
Gy), immunological reactions and alcoholic hepatitis. (s.
tab. 39.3) (s. pp 548, 570)
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1. Alcoholic hepatitis
2. Allogeneic bone-marrow transplantation (80, 84,

85, 87)
3. Cytostatics (76, 78, 79, 86, 88)
4. Immunosuppressives
5. Lupus erythematosus (90)
6. Oral contraceptives (94)
7. Pyrrolizidine alkaloids (89, 91, 94)
8. Radiotherapy
9. Stem-cell transplantation (83)

Tab. 39.3: Possible causes of veno-occlusive disease (VOD) (includ-
ing some references) (s. fig. 29.10)

2.2.3 Morphology

Histology provides useful diagnostic evidence. Sinus-
oidal endothelial damage can be found, including extra-
vascular accumulation of erythrocytes in Disse’s spaces
as well as subendothelial oedema and cellulation. After
2 to 3 days, delicate fibres appear within the central and
sublobular veins, occasionally also in the medium-sized
hepatic veins, ultimately resulting in occlusion of the
lumen. Fibrotic thickening of the vessel walls occurs.
Stenosis and thrombosis of the small hepatic veins cause
extensive sinusoidal congestion. The liver cells become
necrotic or atrophic. • Micronodular cirrhosis develops
in a chronic course. (s. fig. 29.10)

2.2.4 Clinical features

The clinical symptomatology is similar to that of
chronic Budd-Chiari syndrome. About 10% of cases dis-
play an asymptomatic clinical picture over an extended
period of time. • Spontaneous reversibility of VOD has
been observed following administration of pyrrolizidine.
(91) However, the disease may also progress rapidly to
liver failure. A chronic course generally leads to liver
cirrhosis with postsinusoidal portal hypertension. • La-
boratory values reveal a slight increase in transaminases
and occasionally in alkaline phosphatase as well as
thrombocytopenia with a rapid decrease in haemo-
globin. A rise in P-III-P is also significant in VOD, both
for early diagnosis and monitoring purposes. (80) • The
wedged hepatic vein pressure is increased. Due to its
localization in the small hepatic veins, VOD cannot be
diagnosed by means of imaging techniques. However,
these techniques, particularly CEDS and CTAP, provide
reliable evidence of gradually developing portal hyper-
tension as well as the reduction or reversal of the portal
blood flow during normal flow in the hepatic veins and
the inferior vena cava. (81, 82) • Histology makes it pos-
sible to achieve a reliable diagnosis. (s. fig. 29.10)

2.2.5 Treatment

Once the cause of VOD has been determined, it must
be eliminated (if possible). Treatment is symptom-
oriented and primarily directed towards the conse-
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quences of portal hypertension. In order to reduce
portal hypertension, medication (spironolactone, molsi-
domin, beta blockers) and the application of TIPS are
recommended. (77) Ultimately, indications for liver
transplantation have to be considered. (87)

2.3 Endophlebitis obliterans hepatica
This is also called Chiari’s disease (1899) and defined as a truncal
form of the Budd-Chiari syndrome (1899). (s. p. 830) • It consists
of primary, independent phlebitis of the large hepatic veins. (s. tab.
14.5) • Fibrinoid swelling of the intima with inflammatory, granu-
lating processes, luminal obstruction and secondary thrombosis
are characteristic findings. The large hepatic veins are affected with
varying intensity and at different stages. This development is typi-
cal of the clinical picture. It is mainly caused by inflammatory
processes of the immediate neighbouring structures or rheumatoid
and paraneoplastic diseases. Total obstruction of the hepatic veins
is infaust. Partial occlusion results in posthepatic portal hyperten-
sion and its sequelae.

3 Disorders of the portal vein
� The portal vein is formed by the retropancreatic union of the
right and left gastric veins, the pyloric vein, the superior and infer-
ior mesenteric veins and the splenic vein. Its trunk runs inside the
hepatoduodenal ligament to the liver. Within the porta hepatis, the
portal vein divides into a right branch (which also receives the cys-
tic vein) and a left branch (into which the paraumbilical veins con-
tained in the round ligament and the ventroflexus ramus from the
left sagittal fossa open). • The rami of the portal vein branch out
and reach the portal fields where they become interlobular veins,
which generally fork into two interlobular venules (� leading veins).
The latter transport the blood into distributory veins which con-
tinue in Y-form into the afferent venules (final ramifications) and
transport portal blood into the sinusoids. • The portal vein is 5�8
cm in length and has a diameter of 1.2 ± 0.2 cm. The normal portal
pressure is 3�6 (�8) mmHg. (s. fig. 2.6) The portal blood flow
amounts to 1150�1300 ml/min. (s. pp 17, 244)

Portal vein diseases may be congenital or acquired, or
arise as a sequela of portal hypertension: (1.) portal
vein anomalies, (2.) pylephlebitis, and (3.) portal
vein thrombosis.

3.1 Anomalies of the portal vein

Congenital anomalies of the portal vein are very rare. This
also applies to accessory portal veins with their indi-
vidually varying patterns.

� Accessory portal veins are small veins at the surface of the
hepatic serosa and in the surrounding peritoneal folds which nor-
mally originate in the diaphragm and the stomach. They can either
open into the portal vein or enter the liver parenchyma indepen-
dently. • Anomalous accessory portal veins may sometimes originate
in the area of the portal veins around the gall bladder, the porta
hepatis, the omentum, the interior surface of the abdominal wall
or the hepatorenal ligament, etc.

� Anomalies are described as a missing portal vein and intrahepa-
tic branches with simultaneous hyperplasia of the hepatic artery. •
The portal vein and its branches may also be located in front of
the duodenum and the pancreatic head. Sometimes, even a
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multitude of small vessels can be found instead of a single portal
vein. Another anomaly has been described as a faulty opening of
the portal vein into the renal vein, with the enlarged hepatic artery
taking over the entire blood supply to the liver. • Moreover, there
may be anomalous anastomoses between the portal vein and the
branches of the greater circulation. • Besides aplasia or obliter-
ation of the portal vein, congenital arterioportal fistulas (s. tab.
14.2) (s. p. 245) or portal vein stenoses also cause portal hyperten-
sion with subsequent phlebosclerosis.

In addition to the congenital anomalies, other clinical
features may be responsible for disorders of the portal
vein system:

1. Anomalous accessory portal veins
2. Aplasia
3. Arterioportal fistula
4. Cavernous transformation
5. Cruveilhier-Baumgarten syndrome
6. Faulty openings of the portal vein
7. Displacement
8. Obliteration
9. Portal vein stenosis

3.1.1 Cavernous transformation

This condition is primary angiomatosis of the portal
vein: a spongy convolution of venous vessels branching
in a tendril-like manner has formed instead of a trunk
� predominantly in the area of the hepatoduodenal
ligament. (95, 96)

Prehepatic portal hypertension develops as a result of
the disturbed outflow from the splanchnic nerve area.
However, both liver function and histology are normal.
Occasionally, considerable mechanical jaundice has
been observed. Clinical symptoms include abdominal
pain, splenomegaly, haematemesis and oesophageal var-
ices. The internal pressure in the spleen is increased,
while the wedged hepatic vein pressure remains in the
normal range. Successful diagnosis is based upon
imaging techniques and colour-encoded duplex Doppler
sonography. (97) (s. tab. 14.2) (s. p. 245)

3.1.2 Cruveilhier-Baumgarten disease

In the absence of physiological postnatal closure of the
umbilical vein, an anastomosis will form between the
portal vein and the abdominal wall. Hypoplasia of the
portal system and liver can be observed at the same
time. Prehepatic portal hypertension develops with vis-
ible and palpable venectasia in the abdominal skin, also
known as Medusa’s head (M. A. Severino, 1632). (s. p. 87)
(s. fig. 14.13) A venous murmur (so-called venous hum)
can often be heard periumbilically, generally in the
centre of the Medusa’s head. Splenomegaly causes
splenogenous maturation arrest. The diagnosis is con-
firmed by imaging techniques. (s. p. 246!)

Cruveilhier-Baumgarten syndrome: This is a secondary
syndrome observed in liver cirrhosis with pronounced
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portal hypertension. Recanalization of the umbilical
vein and of the paraumbilical veins develops. (s. fig.
39.7) • Clinical symptoms include splenomegaly, Medu-
sa’s head, periumbilical vascular murmur and ascites.

Fig. 39.7: I: Re-opened umbilical vein (VU) due to pronounced
portal hypertension in haemochromatotic cirrhosis (VP � umbil-
ical branch of the left portal vein) • II: Hepatofugal blood flow in
the umbilical vein (VU) depicted by colour-encoded duplex sono-
graphy

Acquired causes may also be responsible for some of the
congenital anomalies described above. Mention should
be made of (1.) arterioportal fistulas, (2.) cavernous
transformation of the portal vein (in portal vein throm-
bosis), (3.) fibrous obliteration of the portal vein, and
(4.) cicatricial portal vein stenosis. These may also cause
prehepatic hypertension. (s. tab. 14.2) (s. p. 246!)

3.1.3 Arterioportal venous fistula

Arterioportal venous fistulas (R. Sachs, 1892) between the
arterial and portal system may occur perihepatically
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following puncture, trauma, invasive surgery and
tumour growth. Congenital arterioportal fistula is very
rare. Only about 12 cases have been reported to date.
(98) Clinical symptoms include prehepatic portal hyper-
tension (102, 103), vascular murmur in the right hypo-
chondrium, abdominal pain (103) and signs of hyper-
dynamic circulation. Sonography shows dilation of both
the hepatic artery and the intrahepatic portal vein
branches. Calcification of a liver biopsy-related fistula
may occur. (100) The diagnosis is generally made by
duplex Doppler sonography and confirmed by angio-
graphy, with the possibility of simultaneous emboliza-
tion of the fistula. In the case of treatment failure, selec-
tive resection of the fistula is indicated. (99, 101) There
is usually no change in portal hypertension after the
development of hepatoportal sclerosis. (s. p. 246)

3.2 Pylephlebitis

Purulent inflammation of the branches of the portal
vein is usually accompanied by subsequent portal vein
thrombosis. Aetiologically, intrahepatic and extrahepa-
tic purulent pylephlebitis share certain similarities. •
Portal vein infections have their origin in inflammatory
processes of neighbouring structures such as appendi-
citis, cholecystitis, liver abscesses (as was already pos-
tulated by H. Chiari in the first cases published) (s. p.
830), suppurative hydatid cysts, colitis, diverticulitis,
infected haemorrhoids, covered perforations (gall blad-
der, gastric ulcer) and malignant tumours (gall bladder,
pancreas). • Clinical symptoms include fever, chills,
abdominal pain, meteorism, enlarged and tender liver
as well as splenomegaly. In most cases, inflammation
parameters are clearly pathological. (s. tab. 37.6)
Bacteriological haemocultures only yield positive results
when the defence mechanisms of the liver RES have
been overwhelmed. The clinical picture of septic portal
vein thrombosis can often be observed. Treatment with
local fibrinolysis and TIPS has proved successful.

3.3 Portal vein thrombosis

Thromboses in the vessels of the portal system consti-
tute the most common cause of prehepatic portal hyper-
tension. • Even in the postpartal phase, portal vein
thrombosis may occur due to the obliteration of the
umbilical vein spreading to the portal vein or due to an
infection of the umbilical vein with subsequent pyle-
phlebitis. • In the adult, this clinical picture is most com-
monly observed in liver diseases that cause the portal
blood flow to slow down (or even reverse). All diseases
which are accompanied by hypercoagulopathies also
have a strong tendency to cause portal vein thrombosis.
(106, 110, 112, 119, 121) Patients with liver cell carcinoma
due to cirrhosis quite often develop thrombosis. Septic
processes (such as appendicitis, diverticulitis, colitis) are
a further common cause, particularly in immuno-
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compromised patients. In addition, inflammatory tissue,
tumours, lymphomas or fibrosis may narrow the lumen
of the portal vein and trigger thrombosis. Thrombosis
of the portal vein may also result from progressive
thrombosis of the splenic vein. (s. tab. 14.2) Portal vein
thrombosis can hence be caused by many factors. (107,
108, 119, 121�123) (s. tab. 39.4) (s. fig. 39.8)

Fig. 39.8: Thrombosis of the portal vein (⇐) and splenic vein (�):
contrast medium-free, hypodense structure; evidence of ascites

The severity of the clinical picture depends upon how
rapidly and to what extent the portal vein obstruction
develops. • Haemorrhagic infarction of the intestine, due
to sudden thrombotic occlusion, causes severe abdom-
inal pain, haematemesis and melaena, circulatory shock
and, ultimately, the death of the patient. • In gradual
obstruction, splenomegaly and hypersplenism develop,
accompanied by collateral vessels in the form of a
sponge-like venous network (� cavernous transforma-
tion), which makes partial compensation possible. Gall-
bladder varices, even with rupture and bleeding, have
also been observed. (104, 109) The size of the liver is nor-
mal, as are the wedged hepatic vein pressure (with
increased intrasplenic pressure) and histology. Impair-
ment of liver function only occurs at a later stage (118),
and hepatoportal sclerosis develops. • The diagnosis is
mainly established by colour Doppler sonography (sen-
sitivity > 90%) (114), CT (s. fig. 39.8) and angiography
(e. g. CTAP). Angiographic findings are also useful for
deciding on the respective therapy: thrombolysis with
subsequent anticoagulant treatment (if possible!) (105,
113, 116), percutaneous transhepatic angioplasty and
thrombectomy (both procedures can only be applied in
the early stages of disease), TIPS (possibly, with local
thrombolysis) or a shunt operation. The prognosis is
poor.

Zahn’s infarct: This well-demarcated hyperaemic area in
the liver was first described by F.W. Zahn in 1897. He
called the phenomenon “atrophic red liver infarction”,
but without necrosis. Such a form of infarct is an oddity.
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1. Hypercoagulopathy
Antiphospholipid sydrome Oral contraceptives
Antithrombin III deficiency Protein C deficiency
Factor V mutation Protein S deficiency
Factor VIII elevation Pregnancy
Hyperhomocysteinaemia Thromboembolism
Myeloproliferative diseases

2. Inflammatory processes
Appendicitis Crohn’s disease
Behçet’s disease Diverticulitis
Cholangitis Pancreatitis
Cholecystitis PSC
Collagenoses Ulcerative colitis

3. Infections
Actinomycosis Schistosomiasis
Candida albicans Tuberculosis
Echinococcus

4. Invasive treatment
Abdominal surgery Liver transplantation
Alcohol injection Portography
Chemoembolization Sclerotherapy
Dialysis Splenectomy
Islet-cell injection TIPS
Liver resection

5. Delayed portal blood flow
Congenital fibrosis
Liver cirrhosis
Lymphoma
Nodular regenerative hyperplasia
Retroperitoneal fibrosis
Stenoses/strictures

6. Progressive splenic vein thrombosis
Pancreatitis
Pancreatic carcinoma
Splenectomy

7. Malignant processes
Cholangiocarcinoma
Cystic carcinoma
Hepatocellular carcinoma
Pancreatic tumour (� thrombophlebitis migrans)

8. Intoxications
Arsenic
Cytostatics
Radiation

9. Haematologic diseases
Paroxysmal nocturnal haemoglobinuria
Sickle cell anaemia

10. Cardiovascular diseases
Constrictive pericarditis
Obstruction of inferior vena cava
Pylephlebitis
Tricuspid insufficiency
Tumour of the right atrium
Umbilical vein infection
Veno-occlusive disease

11. Trauma

12. Cryptogenic

Tab. 39.4: Possible causes of portal vein thrombosis

(111, 117) Intrahepatic occlusion of hepatic vein branches
results in a narrowing and atrophy of the liver cell tra-
beculae and consecutive dilation of the associated sinus-
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oids. A dark bluish red area of the liver appears, which
is most clearly visible when the liver is simultaneously
congested. (Despite the term “infarct”, no necrosis can
be observed!) Zahn’s infarct may also be found in the
area surrounding liver metastases due to compression
of the portal vein branches by tumourous tissue.

3.4 Portal vein aneurysm

Aneurysms of the portal vein are very rare. However,
since the introduction of imaging procedures, this gen-
erally asymptomatic finding has been detected more fre-
quently, in most cases by chance. In intrahepatic local-
ization (first reported by H.S. Vine et al., 1979), the
aneurysms are mainly situated in the right lobe and
reach a size of up to 4 cm in diameter. The cause is not
clear. Congenital malformation with subsequent portal
hypertension has been postulated, as has acquired vessel
wall weakness (e. g. in pancreatitis). The diagnosis is
made by sonography and MRI. (124, 125) Caroli’s syn-
drome has to be ruled out by differential diagnosis.
Spontaneous rupture of such an aneurysm has been
reported. (127) Treatment is not primarily required, but
regular monitoring is necessary. In portal hypertension,
however, the application of a shunt (surgically, trans-
jugal-portacavally) may be indicated. (126)

4 Disorders of the hepatic arteries
� The common hepatic artery, a branch of the coeliac artery, runs
in a retroperitoneal direction above the pancreas into the hepato-
duodenal ligament. It continues as the proper hepatic artery, which
branches into the right hepatic artery (with the cystic artery) and
the left hepatic artery to supply the two liver lobes. Ramification
of the hepatic artery varies greatly. • The branches of the hepatic
artery accompany the bile ducts and the portal vein as far as the
portal fields. Radicular branches subsequently fork off forming the
peribiliary plexus within the connective tissue of the portal paths.
The peripheral, medial and central areas of the hepatic lobules
are supplied by intralobular arterioles. • A small percentage of the
arterial blood supply is also guaranteed by influx from the superior
mesenteric, inferior pancreatic-duodenal and supraduodenal ar-
teries. • Only 40�50% of the oxygen requirement and 35% of the
blood volume of the liver (350�500 ml/min.) are supplied by the
hepatic artery. Hence, the clinical picture of diseased liver arteries
is usually relatively mild, apart from bleeding caused by ruptures.
(s. p. 16)

The most important clinical disorders of the hepatic
artery are:

1. Aneurysm 3. Nodular periarteritis
2. Occlusion 4. Arteriosclerosis

4.1 Aneurysm

4.1.1 Definition

While aneurysms of the hepatic arteries are in them-
selves rare, they nevertheless constitute 20% of all an-
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eurysms of the splanchnic arteries. They are located
extrahepatically in 80% and intrahepatically in 20% of
cases. At 60%, the common hepatic artery is most fre-
quently involved, followed by the right hepatic artery,
which is affected in 30% of cases. A rupture (up to 80%
of cases) constitutes a great risk to the afflicted, but
often symptom-free patients. After confirmation of the
diagnosis, treatment should begin immediately.

4.1.2 Aetiology

Congenital anomalies and aneurysms in the hepatic
arteries are very rare. (129) Acquired aneurysms are the
result of vessel wall damage, injuries or inflammatory
processes. (131, 133, 136) • Pseudoaneurysms may occur
after acute pancreatitis and the formation of pseudo-
cysts. (135) (s. tab. 39.5)

1. Congenital aneurysms 5. Infections
Endocarditis2. Vascular wall degeneration
MycosisArteriosclerosis
PancreatitisFibromuscular dysplasia
SyphilisMedia degeneration
Tuberculosis

3. Abdominal traumas
6. Vasculitis4. Iatrogenic causes Periarteritis nodosaBile-duct surgery VasculitisIntra-arterial chemotherapy

Liver biopsy 7. Multiple preg-
Transhepatic interventions nancies

Tab. 39.5: Possible causes of hepatic artery aneurysm

4.1.3 Clinical features

Symptomatology depends on the extent and localization
of the aneurysm, which can vary considerably in size,
ranging from the diameter of a millet seed to that of a
walnut (there have been cases where aneurysms as big
as a grapefruit were observed). Small aneurysms do not
cause any symptoms and are only discovered inciden-
tally during imaging procedures or surgery. In most
cases, patients complain of uncharacteristic abdominal
pain, which may precede a rupture by several months.
Large aneurysms are characterized by a continuous
murmur. (132)

After perforation (60�80% of patients), an aneurysm
becomes manifest in the form of abdominal pain, which
can be very severe. (129) When an intrahepatic haema-
toma reaches the bile ducts, haemobilia may result (about
40% of cases) (133), just as compression of the excretory
bile ducts may lead to the development of jaundice (in
some 50% of cases). (134, 138) Heavy bleeding into the free
abdominal cavity constitutes an acute abdomen with
signs of circulatory shock. Bleeding into the intestinal
tract or into the portal vein is less frequent. Lethality due
to rupture is 30�50%; the prognosis for massive bleeding
with haemoperitoneum is even poorer.
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4.1.4 Diagnosis

Laboratory findings are normal. However, alkaline
phosphatase (and LAP) and possibly also bilirubin may
be increased in biliary stasis.

With unclarified abdominal pain, sonography is usually
the diagnostic procedure of choice. An aneurysm
appears as a round or oval focus either intrahepatically
or extrahepatically between the portal hilum and the
pancreas. The hypoechoic, cystic focus may contain
hyperechoic, thrombotic material. Occasionally, there is
a connection to an afferent vessel. (128) A suspected
aneurysm can be confirmed by colour Doppler sonogra-
phy, with the possibility of distinguishing blood flow
and arterial blood. An echo-free aneurysm provides a
typical arterial sphygmogram.

CT scanning reveals a hypodense to hyperdense focal
space-occupying lesion, with the hyperdense parts cor-
responding to the thrombotic structures within the
aneurysm. Diagnostic accuracy is considerably im-
proved by using contrast-medium CT.

Angiographic scanning of the hepatic artery confirms the
diagnosis as well as giving an indication of the most
appropriate therapeutic measures. • Due to the develop-
ment of modern MRI techniques, invasive angiography
is no longer necessary in most cases.

4.1.5 Treatment

Once detected, an aneurysm of the hepatic artery
requires immediate treatment. Up to a certain size,
intrahepatic aneurysms are treated by angiographic
embolization. Coagulation by means of direct thrombin
injection has also been described. (130) Larger an-
eurysms are treated by vascular surgery (ligation, vascu-
lar reconstruction, resection). (132, 137)

4.2 Arterial occlusion

Occlusion of the hepatic artery is responsible for a 50%
reduction in oxygen supply. Even if an unimpaired oxy-
gen supply via the portal vein is guaranteed, arterial
occlusion usually causes ischaemic infarction. The clin-
ical and morphological pictures are characterized (1.)
by the speed with which an occlusion develops and (2.)
by the presence of variants that can be used as a bypass
or of collaterals that have already been established in
gradual vascular occlusion. This results in a broad clin-
ical spectrum, which may range from a symptom-free
condition to liver hypoxia, including infarction up to
hepatic coma.

4.2.1 Aetiology

Causes of occlusion are as follows: (1.) primary vascular
diseases (nodular periarteritis, giant-cell arteritis, etc.),
(2.) iatrogenic measures (intra-arterial catheterization,
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i.v. cytostatic infusions, surgical interventions, etc.), (3.)
traumas (dissections), (4.) embolisms (bacterial endo-
carditis, severe arteriosclerosis, mitral valve defect), and
(5.) fibromuscular hyperplasia.

4.2.2 Clinical features

In acute occlusion with infarction, there is dull upper
abdominal pain, often coupled with shock symptoms;
the liver is tender upon pressure. Fever, jaundice and
leucocytosis rapidly develop; Quick value decreases, and
haemorrhages develop. Transaminase and alkaline
phosphatase levels rise. Liver failure is imminent. Apart
from possibly detecting hypoechoic foci, sonography
provides no diagnostic information. Contrast-medium
CT reveals hypodense regions with mostly blurred
boundaries. In MRI, the infarct is low T1-weighted,
with a high signal intensity in the T2 image. The diagno-
sis is confirmed by arteriography, which should be car-
ried out without delay if there is suspicion of acute
occlusion. • Treatment is symptomatic and aimed at sta-
bilizing the liver function in order to allow time for the
formation of collaterals (within a few days). A lethal
course must be anticipated if the openings of the gastric
and gastroduodenal arteries are involved in the occlu-
sion. The prognosis for distal occlusions in the area of
the right or left hepatic artery is more favourable.

Ischaemic infarction: Ischaemic infarction with haemor-
rhagic marginal zones not only occurs after occlusion
(139�141), but also without vascular obstruction, e. g. in
shock, diabetic ketoacidosis, pre-eclampsia or lupus ery-
thematosus. Small infarctions have also been described
as complications following liver biopsy. • Morpholog-
ically, fresh anaemic infarctions appear as coagulation
necroses. Large infarctions may cause “bile lakes” with
evidence of air. From the second day, a wall of leuco-
cytes forms at the infarction margins, and pigment-
loaded macrophages can be observed. The reticular
fibre structures collapse, and the granulation tissue is
vascularized. Ultimately, indrawn scars develop.

4.3 Nodular periarteritis

This primary vascular disease is a febrile systemic auto-
immune reaction, presumably caused by excessive
immune activities. In this process, immune complexes
are deposited in the walls of vascular arterioles as well
as in the larger arteries, giving rise to a progressive
inflammatory reaction with round-cell infiltrates, pearl
string-like thickening and proliferations of the intima.
The narrowing of the lumen results in ischaemic necro-
ses, which are also present in the liver in up to 65% of
patients. Non-specific reactive inflammation in the por-
tal fields may also be observed. As a rule, the gall blad-
der is involved just as frequently. Nodular periarteritis
often leads to the development of aneurysms. • Clin-
ically, there are highly pathological inflammation
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parameters. (s. tab. 39.2) Marked increases in BSR and
alkaline phosphatase are characteristic. Various pains in
the abdomen, joints and renal areas occur; weight loss
adds to a distinct feeling of being ill. If the liver is
affected, transaminase values may be slightly increased.
• Treatment consists of prednisolone and azathioprine,
unless active viral hepatitis is present.

4.4 Arteriosclerosis

Arteriosclerosis affects the extrahepatic liver arteries
with the same frequency as the mesenteric arteries, but
less frequently than the splenic artery. • The intrahepatic
branches of the hepatic artery are usually only involved
in pronounced arterial hypertension. In these patients,
thickening of the media can be found in the small ar-
teries of the portal fields.

5 Hereditary haemorrhagic
telangiectasia

This dysvascular state, also known as Osler’s disease or
Rendu-Osler-Weber disease, was first observed by the
Canadian internist W. Osler in 1901. (152) It is a rare
autosomal dominant hereditary disease (1 : 100,000)
with high penetrance (almost 100%). The homozygous
presence of the affected allele is a lethal factor. All types
of vessels are affected by these vascular malformations.
Thus, for example, arteriovenous fistulas, aneurysms
and telangiectasias of the arterial and venous terminal
vessels as well as phlebectasias are found. The liver is
involved in 40�70% of cases. Star-shaped vascular ecta-
sias can be found on the liver surface. Polymorphism of
these angiodysplasias is caused by genetically deter-
mined damage to fibroelastic fibres within the vascular
walls and the perivascular tissue. There is no evidence
of any mesenchymal reaction or inflammatory activity.
(142, 145, 146, 148, 154, 155, 157) • Osler’s disease usually
progresses through three phases: the asymptomatic
latent period extends from childhood into puberty: the
subsequent haemorrhagic phase is generally charac-
terized by recurrent nasal bleeding; manifest angio-
matosis has its onset in the 3rd or 4th decade. Various
clinical features can be witnessed, including post-
haemorrhagic anaemia, hyperdynamic circulatory prob-
lems due to arteriovenous fistulas with cardiac insuffi-
ciency, signs of portal hypertension with hepatomegaly
(156), phases of hepatic encephalopathy and, in some
cases, gastrointestinal bleeding. Dense vascular net-
works with vascular anomalies are found especially in
the region of the mesenteric arteries. The diagnosis is
based upon colour-encoded Doppler sonography (144,
149, 151, 156), CTAP and arteriography. (143, 147) The CO
level is high, so that right-sided cardiac catheterization
is indicated in these patients. Following a protracted
course, which also requires frequent blood transfusions,
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secondary biliary cirrhosis may develop. (150) • Emboli-
zation or surgical interventions (ligation of afferent ves-
sels, partial liver resection) and even liver transplanta-
tion (146, 153) are indicated, provided such procedures
are technically possible.
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1 From mythology to provable
treatment

1.1 In global medicine

� Recommendations and discussions on the treat-
ment of diseases and injuries are as old as medicine
itself. According to our knowledge of earlier times,
medicine has its origins in mythological therapy. This
also applies to the treatment of liver diseases. •
Understandably, “surgical medicine”, especially trau-
matology, enjoyed the highest scientific status in
antiquity, since the actual “cause” and medical
“effect” were most obvious in this field. • Mytho-
logical ideas and rituals were therefore of minor sig-
nificance to the barber surgeon: in general, practical
experience, manual skill and (mostly self-developed)
appropriate instruments produced the desired result.
By contrast, “conservative medicine” was charac-
terized by mythology, steeped in ritual as well as
(mantic) divination and, for many epochs, mostly left
in the hands of the “priest doctor”. In spite of some-
times astonishingly good diagnostic capabilities and
prognostic accuracy, medicine on the whole � espe-
cially treatment of the patient � was subject to the
prevailing mythology of the respective epoch. (s. tab.
40.1)

With the gradual rejection of “mythos” and a
stronger tendency to “logos”, therapeutic measures
of a mythological and ritual nature were increasingly
abandoned. At the same time, however, the absurd
ideas of speculative therapy reached an unimaginable
level of odiousness. Obscure mixtures, fantastic prep-
arations as well as nauseating and even cruel treat-
ment methods were more and more propagated and
applied. An insight into these abnormalities of specu-
lative medicine is given by K. F. Paullini (1699) in his
book: „Neu-vermehrte, heilsame Dreck-Apotheke“
(“Revised and Enlarged Curative Dirty Pharmacy”).

With the coming of the Age of Enlightenment in the
middle of the 18th century, accompanied by a rapid
increase in medical knowledge, the calls for con-
firmed results became more and more urgent. This
led to the advent of empirical therapy, which required
subtle observation, critical analysis, careful examin-
ation and, above all, a written record of case histories.
In this connection, surgical empiricism was more
strongly based on morphological facts and objective
methodological experience than the therapeutic
empiricism of conservative medicine.
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� Preventive therapeutic empiricism was applied for
the first time around 1600, when it was discovered
by “therapy comparison” that those seamen of the
East India Company who drank lemon juice as a
supplementary beverage did not contract scurvy.
This was the basis of (probably) the first “statistic-
al” therapeutic study, which J. LIND carried out in
1747 in order to confirm a lemon juice theory in
several groups of people by administering various sub-
stances, including a “placebo”. This theory was also
confirmed by J. Cook in 1776, using a similar study
design. Further therapeutic milestones of medical
history include the comparative studies with digi-
talis (W. Withering, 1785), smallpox vaccine (E. Jenner,
1798) and mercury treatment of syphilis (J. Pearson,
1800). Such comparative studies, which were based
on individual observations, aimed at proving the
effectiveness of treatments; this development ended
the epoch of empirical therapy. (2) (tab. 40.1)

1.2 In hepatology

� During a period of about 3,000 years, hepatology also
experienced these historical medical epochs of therapy,
(1.) mythological, (2.) speculative, (3.) empirical, and
(4.) provable. (s. tab. 40.1) • In addition to cataplasms
� consisting of various herbs, oils or products derived
from animals, mostly prepared and used according to
mythologically related ideas � cupping, scarification,
enemas, blood-letting and sternutators, the following
materials were also used: dried wolf’s liver with honey,
donkey liver with parsley, raw ox liver dipped in honey,
ox blood, etc. Some highly complex and fantastic
mythological diets were applied as well. Therapeutic
measures were often based on certain mythological
numbers or ritual-dependent points in time and per-
formed before statues of gods or in connection with ani-
mal sacrifice. (see chapter 1.) • From the mediaeval
“dirty pharmacy” came numerous, disgusting therapeu-
tic recommendations for patients with liver disease, e. g.
consumption of the excrement of certain animals, ear
wax, dirt scraped off sheep udders, earthworms, poly-
pods dissolved in wine, or a certain number of live
sheep’s lice. (s. p. 437) • Empirical treatment increasingly
made use of substrates of plant origin or extracts of
Hyoscamus, Cheliodonium, dandelion or milk thistle,
etc. To my knowledge, comparative therapeutic investiga-
tions such as those mentioned above were not performed
in hepatology. Until modern times, treatment of liver
diseases remained almost exclusively empirical � and
thus scientifically unproven.
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Mythological therapy

Speculative therapy

Empirical therapy
Lack of “Therapeutic
proof nihilism”

Adjuvant therapy

Provable treatment
• pharmacological experimental

studies
• clinically controlled studies

New approaches to treatment
genetic
biomolecular
invasive
surgical

Tab. 40.1: Historical epochs of medicine: (1.) mythological, (2.)
speculative, and (3.) empirical therapy, through to (4.) provable
treatment

The occasionally pronounced “polypragmatism” was
confronted by the opposite extreme of “therapeutic
nihilism” in the sense of treatment based on expect-
ation. This inevitably led to frustration on the part of
the physician and to resignation on the part of the
patient suffering from a liver disease. • Thus, the real-
ization of provable treatment also became an urgent
challenge in hepatology.

2 Clinical studies

The first ethical principles of biomedical research had
already been developed in Germany prior to World
War I: relevant instructions were issued by the Prussian
Education Office in 1900. At the proposal of the Ger-
man National Health Board, guidelines for modern
curative treatment and for the performance of scientific
studies in humans were issued in 1931 by the Ministry
of Internal Affairs in Germany. • The following year
(1932), P. Martini published his methodology of thera-
peutic research, and in 1937 A. B. Hill established the
principles of medical statistics.

2.1 Types of clinical studies

Significant contributions have since been made concern-
ing the importance, performance and evaluation of clin-
ical studies. (5, 6) In recent years, statistical and legal
issues in particular have been discussed. (3, 7, 8, 9) • Con-
trolled clinical studies are rightly called for and they
are indispensable for avoiding therapeutic misjudgement
deriving from “trial and error” and for creating an
objective basis for official decisions. They may be car-
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ried out, as far as possible comparatively, as a retrospec-
tive or prospective investigation. • A retrospective study
is a backward-looking review of facts and effects, i. e.
against a time axis, to identify preceding causes. The
data can be collected according to a fixed plan (� pro-
lective) or generated before the study begins (� retrolec-
tive). Furthermore, a distinction is made between
following the individual course from the time the caus-
ative factor appears through to the onset of effect (�
cohort) and following the individual course from the
onset of effect back to the earliest possible point in time
when the causative factor appeared (� trohoc) (A.R.
Feinstein, 1977). Thus, a retrospective study is deemed
scientifically correct if its execution is justified and the
methodology is clearly defined. • A prospective study
starts from causative factors, observing the effect over
the course of time. (6, 7, 9)

Special cases are the open (non-blind) study on the one
hand and the crossover study on the other hand. • This
means that the controlled clinical study is “fundamen-
tally” (i. e. with some exceptions) the sole and most
essential tool for obtaining proof of the efficacy of a
given substance. If the conditions for a controlled clin-
ical study cannot be met, then it must be dispensed with.

The typology of clinical studies differentiates four types
according to their aims: (1.) pharmacological studies,
(2.) therapeutic explorative studies, (3.) therapeutic con-
firmative studies, and (4.) drug-monitoring studies. The
purpose of the last-mentioned group is to define the
cost/benefit ratio more precisely, identify rare side
effects and provide better dosage recommendations.

2.2 Problems of clinical studies

There is a vast array of literature dealing with still con-
troversial aspects of controlled clinical studies. • We
should be aware that on the one hand, medicine is not an
exact science and on the other hand, humans do not repre-
sent a quantifiable model with data on call as needed.
Problems in clinical studies often arise in different fields:

1. ethical 4. psychological
2. methodological 5. heuristic
3. legal 6. economic

Proof in the strict sense cannot be delivered by a con-
trolled clinical study, which has been called the “sacred
cow”. (5) However, the probability of statistical error in
terms of the chosen target criteria can be fixed in
advance. In clinical studies, different interpretations of
results are still possible, since “intuitive medical obser-
vation and judgement remain indispensable in the indi-
vidual case” (E. Buchborn, 1982). • The triad of empiri-
cism, intuition and logic is necessary in both diagnosis
and treatment (R. Gross, 1988).
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2.3 Placebo

A placebo (Latin, “I shall please”) or ADT (� any what
you desire thing) is a “dummy” without any active sub-
stance, identical in appearance to the respective active
drug and not designed to be effective. This term has
been known since the 14th century. (4) • In medicine, a
placebo assumes two roles: (1.) as a therapeutic agent in
the practical treatment of patients, intended to have an
“effect” on a disease or a symptom, or exerting such
effects without the physician’s knowledge, and (2.) as
a control substance in clinical studies with drugs. • In
individual cases, even objective changes in physiological
functions and specific effects may be demonstrable. The
form of administration and the dosage of a placebo, the
physician’s personality (and that of the patient) and the
intensity of the disease situation may lead to a weaken-
ing or potentiation of the placebo effect. The important
(individual and social) ethical issues associated with
placebo administration concern both the patient and the
physician, who have to be informed in general about
such procedures. These issues have been clarified by law
after being discussed in detail and assessed on the basis
of experimental findings.

� The placebo effect in controlled clinical studies
should never be regarded as “zero”, even though this
is, of course, desired (or even imputed) from the
statistical viewpoint.

Within the scope of clinical studies, valuable economic
information on medical procedures can (and should) be
obtained. Today, economic assessment assumes a special
role in clinical studies, and because of its complex strati-
fication and the general need for rationalization, e. g. in
terms of the cost/benefit analysis, it is likely to become
more and more important. The quality-adjusted life
year (G. W. Torrance, 1987) should be included in the
assessment. (s. p. 850)

2.4 Difficulty of evaluation

Proof of efficacy of a certain (surgical or medicinal)
therapeutic measure � and this also applies in hepat-
ology � is very difficult, as it mainly depends on two
factors:

1. non-comparability of individual humans
2. non-comparability of individual diseases

Statistical methods cannot render either non-compar-
ability of individual humans or that of diseases compar-
able � at best, they may compensate it by means of
large patient numbers or are able to assess sameness
under certain circumstances. (1, 5) • Statistical compar-
ability of different patient groups can only be achieved
if three requirements are met:
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1. equality of structure
2. equality of observation
3. equality of representation

Even with great diagnostic effort, no convincing struc-
tural equality is obtainable. Consequently, randomiza-
tion alone does not guarantee a valuable clinical study.
Despite these problems, three study types should (and
must) be used:

1. Examination of effect
� change in any one parameter

2. Examination of efficacy
� cure or improvement of disease

3. Examination of superiority
� improvement of parameters, or cure, or

improvement of disease by conventional
therapy vs. new therapy

2.5 Provability of treatment

In clinical studies involving drugs � this also applies to
hepatology � the terms “effect” and “efficacy” have not
always been appropriately distinguished, but were often
(erroneously) considered identical. • The effect of a spe-
cific drug (or “liver therapeutic”) showing changes in
any measured parameters or reactions is easier to prove
than its efficacy in the sense of cure or improvement of
disease. Therapeutic efficacy (or efficacy of “liver ther-
apy”) is defined by the difference between the uninflu-
enced disease course (i. e. possible or usual course) and
the disease course changed by therapeutic measures (i. e.
actual course). There is, however, no chance of ever
observing and assessing the “possible” and the “actual”
disease course simultaneously.

The marketability of a pharmceutical preparation is
controlled by an act of administration. In this context,
three criteria must be satisfied for the licensing of medic-
aments, including “liver therapeutics”:

1. quality 2. safety
3. efficacy

The term “quality” is defined by the following cri-
teria: purity, identity, content, galenic properties and
temperature stability of a substance. • The term
“safety” is defined in relation to acute and chronic
toxicity, foetal toxicity and fertility, mutagenic and
carcinogenic potential.

As regards the term “efficacy”, no legal definition exists.
As a rule, efficacy is defined by the sum of desired
effects with regard to a certain therapeutic aim. Thus,
in terms of the licensing regulations, the efficacy of a
drug, including “liver therapeutics”, may be defined as
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“the abstract quality of medicine to achieve therapeutic
success with proper use, accidental and placebo success
having been excluded” (K. J. Henning, 1978). The US Food,
Drug and Cosmetic Act defines the term efficacy in a
similar manner. • Mere proof of quality and safety is
sufficient for medicine that does not have be licensed,
but only registered; no proof of efficacy is required. This
applies to homoeopathic remedies, for example. • The
efficacy of medicinal remedies, including “liver thera-
peutics”, may be regarded as a continuum, i. e. from
“very weak” to “highly potent”. Thus, efficacy is also
proven when the substance is shown to be only slightly
effective or is only effective in some patients (individual
cases). Principally (� exceptions are possible), proof of
efficacy is to be provided by controlled clinical studies.
No proof of superiority of the drug under investigation
over the standard preparation is required by law. Nor
does the licensing procedure check whether there is a
potential need for the drug in question. • Thus the aim
of clinical studies is to provide proof of safety and appro-
priate efficacy.

3 Principles of liver therapy

3.1 Basic considerations

First of all, two terms need rectifying, since the
superficial yet incorrect use of the designations “liver
therapy” and “protective therapy of the liver” have
rendered it fundamentally more difficult to make
accurate statements. These terms are relics from the
epochs of speculative or empirical therapy and con-
stitute the origin of the catchword “therapeutic nihil-
ism”. (s. tab. 40.1)

3.1.1 Liver therapy

There has never been and there still is not any “liver
therapy” in the true sense � and no such therapy will
exist in future either. The liver as the largest biochemical
performance centre of the body is constantly active in
some 11 major metabolic areas with 60�70 integrated
partial functions. In order to accomplish the many
tasks, about 300 billion liver cells undertake approx. 500
biomolecular reactions daily � indeed an unbelievable
feat. Consequently, it is not possible for drugs to have
an effect on the liver as a whole. However, therapies for
liver diseases or therapies for hepatological symptoms are
available. With this linguistic correctness, our therapeu-
tic efforts in hepatology become realistic and objectifi-
able. There are far more than 100 liver diseases plus
variants and diverse complications. A large number of
them can be treated successfully with pharmacological
regimens � sometimes with strikingly good results � as
well as, of course, by invasive and surgical therapy.
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3.1.2 Liver therapeutic agents

In the strict linguistic and hepatological sense, there is
no such thing as liver therapeutic agents. However, this
unfortunate term is frequently � and indeed deliberately
� used rhetorically in publications or for administrative
reasons. Here, the expression “hepatic agents” (analo-
gous to cardiac, otologic and diuretic agents, etc.) would
be more correct and not so promising in the popular
sense as the designation “liver therapeutic agents”. • In
any case, one ought to be aware of the possible psycholog-
ical effect of such a term, especially with regard to a
“placebo”. (s. p. 846)

3.1.3 Protective therapy of the liver

Similarly, there is no generally protective therapy of the
liver. Liver “protection” as such may include active
vaccination against viral hepatitis A or B, for example,
and, in a wider sense, also passive immunization after
exposure or general avoidance of typical liver noxae.
This can “protect” the liver from diseases. (12)

In in-vitro and in-vivo experiments, certain substances
can be studied for their protective effect on the hepato-
cytes or endothelial cells (including biomembranes and
organelles) under the influence of various noxae or
toxins. Many substances have been shown to display dis-
tinct protective properties experimentally under various
investigative conditions. Such studies are not, however,
admissible in humans. • These experimental protective
properties may also be of therapeutic value in individual
cases (e. g. application of silibinin in Amanita poisoning).

A “liver-protective preparation” must therefore be cap-
able of protecting the hepatocytes (as well as the sinus
endothelium) from a particular liver toxin, or from 2 or
3 clearly defined (or, in the optimal case, all obligate)
liver toxins, by administration before or, at the latest,
when the damage occurs. The use of a substance in exist-
ing cellular damage would be classified as “therapy” and
no longer “protection”. The term protective liver ther-
apy clearly implies prophylaxis � which, apart from the
above exceptions (e. g. vaccination), is usually not feas-
ible under the provisions of the respective health in-
surance system. (12)

3.2 Preconditions

The question of provability of a certain therapy is also
dependent on various factors in hepatology: (1.) know-
ledge of the spontaneous course of a liver disease (not
known in individual cases, but only globally assessable),
(2.) endogenous factors (gender, age, genetics), and (3.)
exogenous influence (e. g. lifestyle, noxae, patient com-
pliance). These imponderables can scarcely (if at all) be
integratively assessed or excluded even using subtle stat-
istical methods. Randomization and double-blind clin-
ical trials can do no more than balance out these differ-
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ences. In order to obtain usable data, certain statistical
conditions should be fulfilled as far as possible:

� homogeneous findings
in

� homogeneous patients
with

� homogeneous disease

These requirements are difficult to meet even in con-
trolled clinical studies in hepatology. Moreover, the use
of medication in liver disease is based on further essen-
tial clinical conditions:

1. Detailed hepatic diagnosis with exact classification
of the liver disease

2. Identification and elimination of the causative
noxa(e)

3. Elimination of concomitant negative factors or
additional noxae

Therapeutic uncertainties or differing conclusions re-
garding drug effects or efficacy may thus be attributed
to varying degrees of methodological inaccuracy as fol-
lows:

� different disease courses
with

� different pathogenesis
in

� different patients
and an

� insufficient detailed diagnosis
were submitted
to

� joint statistical evaluation

3.3 Aims of treatment

Drug therapy of a particular liver disease or complica-
tive development must have basic treatment aims. The
primary therapeutic aim is to eliminate the existing
causative factors and pathogenetic mechanisms. The
final goal is always the rehabilitation of the liver patient.
(s. tab. 40.2) (s. p. 881)

1. Eliminating or definitively overcoming the cause
of disease (as far as possible) as well as promoting
and speeding up its cure

2. Inhibition of inflammatory reactions
3. Curbing of mesenchymal reactions
4. Modulation of immunological reactions
5. Support/normalization of liver cell functions
6. Stimulation of hepatic regeneration

Rehabilitation
�

Tab. 40.2: Treatment aims in liver diseases

848

3.4 Forms of “liver therapy”

Causal treatment of liver diseases, which is rarely (if
ever) feasible, should achieve the complete elimination
of the actual cause(s) (e. g. elimination of the causative
noxa, antiviral treatment, gene therapy in hereditary
liver diseases). • Treatment of pathogenetic primary reac-
tions (e. g. with interferon, immunosuppressants or peni-
cillamine) is aimed at interrupting the “postcausal”
pathogenesis. • Treatment of disease progression inter-
venes in the pathological process in a lasting and effi-
cient manner and thus prevents or slows down the gen-
erally dangerous consequences (e. g. inhibition of
cholestasis, fibrogenesis and portal hypertension). •
Almost all substances used in hepatology are classed
as symptomatic treatment. These substances help (1.) to
combat malaise and disturbances secondary to the liver
disease (e. g. antipruritics) and (2.) to influence the
structures and functions of the hepatocytes and endo-
thelial cells as well as the bile capillaries (e. g. antioxi-
dants, essential phospholipids, UDCA, silymarin). (12)

3.5 Categories of “liver therapeutics”

A number of substances and preparations are available
for the treatment of liver diseases. They can be categor-
ized as follows (s. tab. 40.3):

1. Prophylactics: e. g. immunoglobulins or vaccines
against hepatotropic virus infections

2. Antidotes: e. g. silibinin against Amanita
poisoning or N-acetylcysteine in paracetamol
intoxication, haemarginate in acute porphyria

3. Primary liver therapeutics: e. g. penicillamine,
glucocorticoids, azathioprine, interferon-α, aimed
at primary intervention in the aetiology or
pathomechanism of liver disease.

4. Secondary liver therapeutics: e. g. fat-soluble
vitamins in impending deficiency states, drugs to
reduce portal hypertension, substances to relieve
hyperammoniaemia, aimed at secondary
prevention of the various sequelae of liver
disease.

Tab. 40.3: Categories of liver therapeutic agents

3.6 Active substances

For several years, (negative) claims appeared in the press
stating that the pharmaceutical market was over-
saturated with more than 600 liver preparations.
Although the originator of this claim was not identified,
this utopian number made the rounds. • In fact, there
are merely 25 substances or groups of substances (of
chemical or plant origin) listed in the pharmacopoeia.
Here, the various preparations containing the same sub-
stance are numbered separately, which gives a total of
90�100 listed preparations. • It is irresponsible that
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some “liver therapeutics” still have an alcohol content of
25�66 vol.% (particularly homoeopathic and phyto-
therapeutic remedies). (s. p. 60) Although the often
quantitatively low intake of alcohol in a preparation
may be “harmless” (even “3 times daily”), it will usually
cause a relapse in an abstinent alcoholic. In principle,
there is no justifiable argument for keeping the alcohol
content in a hepatological preparation!

Some medicaments with special indications are used in
various liver diseases or in certain complications. They
are not found in the special category of liver therapeut-
ics (pharmacopoeia), but are listed according to their
main indication. Treatment with some of these active
substances may possibly be accompanied by side effects.
(s. tab. 40.4)

Chemical substances (or groups)

1. Amino acids of the 10. Immunosuppressants
urea cycle 11. Immunostimulants

2. Beta blockers 12. Lactulose
3. Bile acids 13. Nucleoside analogues
4. BCAA 14. S-adenosyl-L-methionine
5. Deferoxamine 15. Somatostatin
6. D-penicillamine 16. Spironolactone
7. Diuretics 17. Virostatics
8. Glucocorticoids 18. Vitamins (A�K)
9. Haemarginate 19. Zinc

Phytotherapeutic agents (or groups)

1. Colchicine
2. Essential phospholipids
3. Glycyrrhizin
4. Silymarin
5. Various herbal preparations

Tab. 40.4: Active chemical substances (or groups) and phytothera-
peutic agents used in some liver diseases or their complications

Active substances with sufficiently proven efficacy in the
field of hepatology are only administered as “treatment”
and not as “liver protection” (apart from the prophylact-
ics mentioned above). These active substances are used
in patients when, according to the diagnosed disease
and the clinical and pharmacological results, they are
actually indicated. • Thus, it is the existing liver disease
and/or complication and not the medication budget or the
patient’s wishes which decides the therapeutic indication.
Anything else would go against the principles of a phys-
ician or be uneconomical, and legally problematic in
individual cases.

The second dimension of controlled studies, “time”, is
frequently given insufficient consideration in evaluating
therapeutic results. In fact, it is only possible to assess
whether the substances used in chronic liver disease
have the required efficacy after an adequate treatment
period. In the drug therapy of patients with chronic liver
disease as carried out by the clinician and general prac-
titioner, evaluation periods invariably extend over sev-
eral years. In such cases, positive or negative results can
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be obtained “empirically”, but because they are not
“statistically” confirmed, they are not “provable”. In
this context as well, empiricism, intuition and logic may
diverge (s. p. 845), so that statistics, which as such are
indispensable, may indeed prove to be an obstacle.

Perhaps the expectations or requirements of “liver ther-
apy” are too high. With regard to other organs and their
respective diseases, established medication often does
not really achieve a “cure”, but merely “functional
improvements” (e. g. recompensation, inhibition of pro-
gression, stabilization in everyday life, improvement in
quality of life, rehabilitation). In principle, these fully
acceptable therapy aims apply to the treatment of liver
diseases as well.

3.7 Dose adjustment of medicaments

Liver and medicaments are interrelated in three ways:

1. Medication inducing liver diseases
2. Medication for liver diseases
3. Medication changed by liver diseases

Apart from the kidneys, the liver is the most important
excretory organ for drugs. In contrast to other mech-
anisms of drug elimination, which are relatively well
understood, liver metabolism of drugs has proved
extremely complicated. (s. pp 52�56) Biotransformation
is influenced by variable and non-variable factors under
physiological and pathological conditions. (s. tab. 3.18)
• Changes in pharmaceutical preparations are alterations
in the respective properties which occur due to the dis-
turbed metabolization function of the liver cells and/or
hepatic blood flow secondary to liver disease. Addition-
ally, drug metabolism may be drastically modified by
coexisting hypoalbuminaemia or cholestasis. Liver dis-
eases do not only affect the elimination parameters (e. g.
half-life, clearance), but also absorption (e. g. bioavail-
ability) and distribution of the drug in the body. A fur-
ther factor are the interactions of certain drugs with
receptors at the site of action (e. g. increased sensitivity
of the brain to diazepam in cirrhosis patients). Biotoxo-
metabolites and lipid peroxidation, which are not nor-
mally typical of a certain medicament, must also be
anticipated. • In principle, a dose reduction should be
considered in severe and chronic liver disease, especially
when the medicament is used regularly. On the other
hand, a dose increase may be required in i.v. administra-
tion owing to reduced hepatic blood flow and using
medication with a high elimination rate. • Disturbed
drug metabolism may be further aggravated by alcohol
consumption with its multiple biochemical effects. (s. p.
61) (s. tabs. 28.2, 28.3)

Despite great efforts, it has not been possible so far to
make single dose calculations (1.) for a certain medica-
ment, (2.) in a certain liver disease, and (3.) in a certain
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patient. Some drugs have been classified into three
groups on the basis of their hepatic extraction rate and
route as well as their form of administration: drugs with
a high, with a moderate and with a low risk of overdos-
age � however, such information is given with reserva-
tions. The difficulties regarding the correct dose adjust-
ment of a medicinal remedy in therapeutic use require
careful monitoring of the individual patient, sometimes
also determination of the blood values, or consultation
with a pharmacologist. (12)

� In view of these difficulties, it may be problematic
to administer the same dose to all volunteers and to
obtain pharmacologically equivalent results in clinical
studies. This might also explain the occasionally great
variation in study results (despite a carefully chosen
trial design) and any potential “inefficacy” or un-
desired effect of the drug. (s. p. 56)

3.8 Significance of quality of life

Of the two dimensions of life, quantity and quality, clin-
ical studies have inevitably paid far more attention to
the former (i. e. length of life). The quantity of life
(judged by survival probability, mortality rate or sur-
vival curves) seems to be the most important parameter
for the assessment of treatment efficacy. A review of 99
publications which had appeared in leading surgical
journals from 1981�1986 revealed that in 97% of the
papers, no mention was made of quality of life after
surgical procedures � in 341 publications on cardiac
surgery, this was mentioned in only 8% of cases (J.
O’Young et al., 1985, 1987). Obviously, the prolongation of
life was paramount in fixing therapeutic aims. (1, 10, 11,
13, 14)

Defining and measuring the quality of life has become
important in recent years. This also applies to the con-
servative or invasive treatment of liver disease, and, in
future, more attention will have to be paid to criteria
for assessing the changed quality of life under certain
therapies as well as the choice of certain treatment stra-
tegies (M. Ludwig, 1988). The definition of good life qual-
ity implies that (1.) a person experiences the least pos-
sible impairment and handicap under a given therapy
(� clinical norm), (2.) this person functions in accor-
dance with existing social roles and derives satisfaction
from this (� social norm), and (3.) the hopes and expec-
tations of this person are fulfilled (� individual norm)
(M. Bullinger, 1988). • In one comprehensive survey of
the literature, not one single study focusing on the qual-
ity of life in liver disease is cited. • Remarkably, a later
study mentioned a significant reduction in the quality
of life in patients with chronic hepatitis C. (11) In a fur-
ther study, interferon treatment was not only shown to
improve the disease, but also to enable the patients to
resume their normal daily routine.
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4 Nutritional therapy of
liver diseases

The Hippocratic idea that “dyscrasia” was the cause of
nearly all diseases meant that dietetics (� diaita) was
necessary for the “restoration to normal of the life order”.
(s. p. 6) Even in antiquity, special forms of nutrition
were of great importance in the treatment of liver dis-
eases. In addition to those dietary prescriptions which
were within the reach of everyone (e. g. donkey liver
with parsley and honey) (s. pp 7, 844), there were also
extremely complicated diets for the treatment of jaun-
dice which only “kings” could afford (Celsus called jaun-
dice the morbus regius). (s. p. 7) • During all historical
epochs of medicine, dietetic measures have played an
essential role in the treatment of liver diseases � even
in the so-called “dirty pharmacy” of mediaeval times.
(s. p. 844) Because dietetics also assumed such an
important role in hepatology, nutrition, i. e. enteral
intake of special beverages and food, was mainly based
on mythological and later also on speculative ideas.

From the beginning of the 20th century, a mild liver diet
was propagated, which in some cases was pursued with
scientific meticulousness. The purists issued strict nutri-
tional rules for patients concerning liver diets. In those
days, we young clinicians often had great difficulty in
implementing such guidelines in practical terms. • This
one extreme was set against the other extreme of thera-
peutic nihilism, i. e. a free choice of food by the patient
(“eat what you like”). (s. tab. 40.1)

� Neither extreme is acceptable � in fact, certain liver
diseases or complicative developments require special
forms of nutrition.

4.1 Artificial feeding

Artificial feeding is indicated when the liver patient is
no longer able to, does not want to, or is not allowed to
eat anything because of complicative situations. It may
also be necessary to prevent malnutrition as well as to
eliminate manifest dietary deficits rapidly and success-
fully. • Artificial feeding may be performed enterally by
nasogastric tubes, gastrotomy or jejunostomy, and par-
enterally by central-venous catheter systems. This meas-
ure is carried out short term during inpatient treatment
or long term on an outpatient basis at home.

4.1.1 Enteral feeding

Should artificial feeding be necessary, the enteral route
of application should be given preference. This is feas-
ible in 90% of hepatological problem cases. Nutrition
consists of high or low molecular weight formula diets.
Feeding may be continuous or in 4�5 phases. Naso-
gastric tubes are harmless even when oesophageal vari-
ces exist. Artificial enteral feeding must correspond with
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the principles of energy and metabolism as well as con-
taining vitamins, electrolytes and trace elements in opti-
mum amounts. At the same time, it must be appropriate
with regard to the underlying liver disease. • Enteral
feeding has significant trophic effects on the intestinal
mucosa in stimulating local IgA production, improving
the integrity of the intestinal mucosa as a barrier against
bacterial translocation and regulating the physiologic-
ally adapted intake of nutritional components, which
are subsequently made available to the liver in a physio-
logical first pass effect. Serious metabolic disturbances
must be avoided; other complications occur only rarely.
(17, 22, 23)

4.1.2 Parenteral feeding

Indications for artificial feeding via a central-venous
catheter must be considered carefully. As a rule, it is
possible only for a brief time, since the application
period is limited by several complications: (1.) venous
thrombosis, (2.) local infection, and (3.) systemic infec-
tion (in the usually immunocompromised liver patient).
With prolonged parenteral alimentation, (4.) complica-
tions in the form of various liver damage must be antici-
pated. • The reported frequency of liver damage is
15�100%. This generally depends on the duration of
parenteral feeding, but occasionally the composition of
the infusion solution proves to be inappropriate. La-
boratory parameters show increases in GPT, GOT and
γ-GT as well as in alkaline phosphatase and bilirubin.
As a rule, these changes are reversible; however, exces-
sive elevations, especially catheter-associated infections,
may necessitate the discontinuation of parenteral feed-
ing. Deaths have occurred in up to 3% of cases. (15, 16,
18, 21) • Various forms of morphological liver damage
may develop, possibly in combination:

1. Hepato/splenomegaly 5. Fatty liver
2. Cholestasis 6. Steatohepatitis
3. Jaundice 7. Fibrosis
4. Slight to moderate hepatitis 8. Cholelithiasis

The pathogenetic mechanisms of liver disease caused by
artificial feeding are not fully understood. Various the-
ories have been postulated: (1.) deficiency of essential
fatty acids or essential phospholipids, (2.) exceeding the
maximum glucose oxidation rate, (3.) lack of important
substances (e. g. choline, taurine, glutamine, inositol,
carnitine), (4.) in individual cases, the presence of toxic
metabolic components (e. g. methionine, plant sterols)
or newly formed biotoxometabolites. • It must be borne
in mind that cirrhosis patients usually show endogenous
hyperinsulinaemia. A high intake of glucose should thus
be avoided, as should the additional administration of
insulin. The so-called sugar substitutes (e. g. sorbitol,
mannitol, xylit, maltit) are not to be recommended. (20)
(s. pp 351, 383)

The calculated glucose requirement of the brain is 1.5
mg/kg BW per minute (i. e. 140�160 g carbohydrates,
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560�700 kcal). Blood glucose and lactate levels must be
monitored. Fats are the most important energy carriers;
approx. 20�50% of the total calorie requirement should
be provided in the form of lipids, preferably as MCT/
LCT emulsion (1 g fat/kg BW). The latter are also read-
ily metabolized by cirrhosis patients. (19�21) In cases of
acute liver failure (s. p. 383), disturbances in amino-acid
metabolism generally occur. Amino-acid infusions
should be avoided in this disease phase � coma-adapted
or liver-adapted amino-acid infusions may be indicated
(0.4 g AA/kg BW/day with the possibility of dose in-
crease up to 1.0 (�1.5) g/kg BW/day). Vitamins, electro-
lytes and trace elements must be sufficiently substituted.
The adjuvant use of essential phospholipids and ornith-
ine aspartate is pharmacologically plausible. The regi-
men of parenteral nutrition must be monitored daily.
(18, 20)

4.2 Diet in malnutrition

Chronic liver diseases, especially cirrhosis and alcohol-
induced conditions, are accompanied by malnutrition in
50�80% of cases. The prognosis of the liver disease
largely depends on the nutritional state � there is also
a direct relationship between the probability of survival
after liver transplantation and preoperative malnutri-
tion. (17, 19, 20, 23�27, 29, 32)

Causes of malnutrition include: (1.) reduced quantity
and quality of nutrition, (2.) maldigestion and malab-
sorption, (3.) accelerated protein breakdown and pro-
tein loss as well as reduced protein synthesis (PEM), (4.)
increased energy requirement, especially in the case of
complications, and (5.) metabolic disturbances (e. g.
insulin resistance, sympathicotonia, loss of metabolic
efficiency). (s. p. 741)

The resting energy expenditure (REE) (in kcal) in
chronic liver disease can be calculated according to the
Harris-Benedict equation, considering the patient’s body
weight (W), height (H), and age (A). • Multiplying the
REE (kcal) by factor 1.2�1.4 gives the energy require-
ment under normal daily conditions.

Men � 66.0 � (13.7 � W) � (5.0 � H) � (6.8 � A)
Women � 65.5 � ( 9.6 � W) � (1.7 � H) � (4.7 � A)

The proportions of carbohydrates (4.0�5.0), fats
(1.0�2.0) and proteins (0.8�1.5) (each in g/kg BW/day)
in patients with chronic liver disease correspond to
those of an ordinary diet; the basic calorie requirement
is 35 kcal/kg BW/day. • From the metabolic viewpoint,
and in the case of diabetes, daily food intake should be
divided into 3 main meals and 2 snacks. As a prophylac-
tic measure, it is advisable to restrict the use of common
salt to 7�8 g (because of the very high NaCl content in
the usual diet). Moreover, a preponderance of lacto-
vegetarian proteins over proteins derived from meat and
fish (with their higher production of ammonia) is
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recommended. A sufficient intake of vitamins, electro-
lytes, trace elements and roughage should be guaran-
teed. (22, 27, 33, 34) (s. p. 741)

Principles of lifestyle

1. Alcohol abstinence
2. Avoidance of noxae and toxins
3. Reaching and maintaining a normal body mass

index
4. Paying attention to the sensitive water-electrolyte

balance (s. figs. 16.1, 16.3) (s. pp 288, 305, 741)
5. Avoidance of malnutrition and undernourishment

(s. pp 587, 728, 851)

List of instructions: These “principles of lifestyle”
should be closely observed by the patient; they apply to
every hepatological disease situation. We have always
included these principles on a list of instructions given
to our patients together with the documentation sheet.
(s. fig. 15.3)

4.3 Special diets

Special dietary measures are of major, often even of
decisive importance for several types of liver disease or
associated complications. • Here, too, the false, universal
claim that “there is no liver diet” is invalid. In the same
way that treatment of a liver condition is indeed pos-
sible, there are also dietary measures for certain forms
or complications of liver disease. • After an exact diag-
nosis has been established, there is often a necessity for
dietary therapy depending on the respective hepatolog-
ical situation.

At this point, we would like to emphasize once again
that a strict lactovegetarian protein supply must be
adhered to not only in latent encephalopathy, but also
in (acute or chronic) liver diseases in which insufficient
detoxification of ammonia is anticipated. When assess-
ing the so-called protein tolerance threshold (s. p. 278),
the documentation sheet (s. fig. 15.3) as well as a psycho-
motoric test programme (s. p. 203) can be of great help.

Metabolic diseases: A fatty liver does not require a low-
fat diet, but standard nutrition based on general refer-
ence values for normal daily routine. With a normal
body weight and an increased energy requirement
(work, sports), the calorie intake has to be adjusted
accordingly. • In overweight patients, a slow, continuous,
yet systematic weight reduction should be strived for.
Coexistent hyperlipoproteinaemia may require support-
ive treatment. Diabetes mellitus must be properly con-
trolled. This also applies to concomitant gout.

Cirrhosis: In compensated liver cirrhosis without obvi-
ous malnutrition or undernourishment, no special diet
is necessary, and normal balanced nutrition is adequate.
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In liver cirrhosis, a lactovegetarian protein supply
always has to be given preference; ammonia-forming
animal proteins should only be present in the food in
low quantities and consumed every few days. Malnutri-
tion has to be eliminated by corresponding dietetic
measures. In severe cases of disease, artificial feeding
(enteral, or for a short time parenteral) may be recom-
mended. (20, 25, 30�32) (s. pp 742, 850)

Haemochromatosis: Iron is ubiquitous in food. A low-
iron diet must be observed consistently (using available
food tables). Although a lactovegetarian diet is desir-
able, attention should be paid to the very high iron
content of pulses, green vegetables and dried fruit. •
Black tea (2�3 cups per day) should be drunk regularly.
(s. p. 625)

Wilson’s disease: With a normal diet, the daily copper
supply amounts to 3�6 mg. In Wilson’s disease, how-
ever, the copper content should be reduced to < 1 mg/
day (using the available food tables). As in haemochro-
matosis, a lactovegetarian diet is important, but atten-
tion should be paid to the very high copper content of
coarse-grained wholemeal products, nuts, cheese (Em-
mental, Edam) and cocoa. The intestinal absorption of
copper can be reduced further by potassium sulphide (3
� 20 mg). (s. p. 616)

Encephalopathy: The diagnosis of HE, even in the stage
of latency (s. p. 272) (s. fig. 15.3), requires an adjustment
of protein intake. This applies to both the daily amount
(� cutting down) and the type of protein (� only lacto-
vegetarian proteins). No reduction in fats is necessary.
(26) Carbohydrates should be restricted to 2.5�3.5 g/kg
BW. The return to standard nutrition should correspond
to the gradually improving quantitative and later also
qualitative protein tolerance threshold, varying from
case to case. Should no nitrogen balance and no
improvement in the HE symptoms be achieved with
lactovegetarian protein intake, supplementation with
branched-chain amino acids is indicated. The latter also
stimulate muscular protein synthesis and promote the
formation of glutamine in the brain. However, they are
not equivalent to substitution by balanced amino-acid
solutions. Commercially available protein preparations
should be low in common salt. (s. pp 277, 732)

Ascites: The occurrence of a disturbed water-electrolyte
balance in the late stage of latent oedema (s. fig. 15.3) (s.
p. 297) requires immediate restriction of the salt intake
(< 3�6 g/day) � depending on the level of natriuresis:
the intake of fluid is limited to 1.0 (�1.5) l/day, espe-
cially in hyponatriaemia. An intermittent fruit and rice
diet (generally for 1�2 days) is recommended because it
is extremely low in sodium, but rich in potassium.
Marked NaCl restriction simultaneously leads to a
reduction in protein intake. The use of commercially
available low-salt protein preparations is therefore
advisable (e. g. 60 g protein/100 g � 5 mval sodium/100
g, or 48 g protein/100 g � 13 g, or 15 g sodium/100 g).
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NaCl restriction is contraindicated in natriuresis of < 25
mmol/day. (s. p. 308)

Storage diseases: Some of the genetic metabolic diseases
require special dietary measures, e. g. (1.) disorders of the
urea cycle are treated by means of a diet similar to that
applied in encephalopathy (s. p. 594), (2.) Gierke’s dis-
ease necessitates a high-carbohydrate diet (s. p. 595), (3.)
Cori’s disease is treated with formula diets and a starch
diet (s. p. 596), (4.) galactosaemia requires a galactose-
and lactose-free diet (s. p. 597), and (5.) in fructose in-
tolerance, a fructose- and saccharose-free diet must be
given. (s. p. 597)

5 Drug therapy of liver diseases

A great number of different active substances have
been discussed in connection with the treatment of
the various liver diseases or their complications in the
respective chapters. The effectiveness of these sub-
stances has either been statistically confirmed in con-
trolled trials, or they have been tested empirically, or
they seem to be pharmacologically plausible for a spe-
cific application. • Some of these therapeutic sub-
stances and their uses are presented in more detail in
the following section.

DNA- Reverse Chain
dependent trans- break
polymerase criptase

Amantadin Uncoating

Aciclovir Replication � �
Adefovir � � �
Famciclovir � �
Foscarnet � �
Ganciclovir � � �
Interferon � �
Lamivudine � � �
Lobucavir � � �
Vidarabine � �

Didanosine Transcrip- � �
Foscarnet tion of �
Zalcitabine RNA to � �
Zidovudine DNA � �

Interferon Maturation

Ribavirin Replication �

Tab. 40.5: Some modes of action and points of attack of virostatics

5.1 Virostatics

Viruses have no metabolism of their own; they are only
able to replicate in living host cells. Replication can be
inhibited by virostatics. Generally, however, viruses can-
not be completely inactivated; as a rule, this is only pos-
sible by means of the body’s own defences. • The viruses
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attach themselves to the cell membranes via specific
receptors (� adsorption). Viruses enter the cells by
means of endocytosis. The virus coat opens, with the
result that viral nucleic acid and enzymes are liberated
(� uncoating). This is followed by transcription of viral
nucleic acid to mRNA, the formation of enzymes (�
early-phase proteins) and structural proteins (� late-
phase proteins) as well as nucleic acids for virus multi-
plication (� replication). After maturation, the viruses
are released from the host cells by exosomes. • Virostat-
ics can therefore have the following points of attack : (1.)
prevention of viral attachment to the host cells, (2.) in-
hibition of penetration, (3.) inhibition of uncoating, (4.)
inhibition of nucleic acid synthesis, (5.) inhibition of
protein synthesis, and (6.) prevention of virus liberation.
(s. tab. 40.5)

Due to their various modes of action and viral targets,
some first and second generation virostatics have also
been employed for treating hepatitis viruses. Thus, vari-
ous virostatics are indicated in infections with secondary
hepatotropic viruses (s. pp 112, 464):

Aciclovir HSV, VZV (EBV)
Amantadine Influenza A, B
Didanosine HIV
Famciclovir HSV
Foscarnet HSV, CMV, HIV
Ganciclovir CMV, HSV, VZV (EBV)
Vidarabine HSV, VZV (EBV)
Zidovudine HIV

Virostatics are not indicated in acute viral hepatitis
induced by primary hepatotropic viruses. Their applica-
tion is, however, recommended in chronic hepatitis B
and C and B/D. Interferon is the first choice in this
connection. It is also used (as early as possible) in acute
HCV infection. In infections with hepatotropic viruses,
the following virostatics have already been introduced
or are under discussion:

1. Aciclovir 9. Interferon α, β
2. Adefovir 10. Lamivudine
3. Amantadine 11. L-dT
4. Emtricitabine 12. Lobucavir
5. Entecavir 13. Ribavirin
6. Famciclovir 14. Tenofir
7. Foscarnet 15. Vidarabine
8. Ganciclovir etc.

5.1.1 Interferon

Interferons (IFN) were discovered in England by A.
Isaacs et al. in 1957. (39) They are low molecular weight
glycoproteins acting as cytokines (so-called intercellular
mediators) with clear species-specific effects. Interferon
type I includes the subtypes IFN-α and IFN-β. They
are formed by nearly all cells, whereby IFN-� is mainly
produced by monocytes and B-lymphocytes, and IFN-β
mainly by fibroblasts. Both subtypes bind to the same
receptor at the target cells and are taken up in the hepa-
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tocytes by endocytosis. Prior to degradation, IFN acti-
vates many genes, thus causing a broad spectrum of pro-
teins to be synthesized. This explains its multiple
biological effects. The antiviral effect of IFN-α is evi-
dent in all the important steps of virus replication. How-
ever, the various cell types form different IFN-α sub-
types; so far, more than 30 subtypes are known. IFN-α
and IFN-β have a half-life of (only) 3�4 hours.

Interferon type II includes IFN-γ, which is probably
only produced by T lymphocytes and natural killer cells.
IFN-γ is of no importance for the therapy of viral hepa-
titis. (36) (s. p. 702!) • Recently, IFN-ω was isolated, but
its biological role is not yet understood.

Recombinant IFN is produced from a clone of E. coli,
which carries a plasmide that possesses a gene for
IFNα2b . The molecular weight amounts to 19,200 dal-
tons. It has a high level of purity (> 99%). If antibodies
against recombinant IFN occur, natural IFN may prove
useful. Recombinant interferons differ in only one single
amino-acid position:

Position 23 Position 34

IFN-α2a lysine histidine
IFN-α2b arginine histidine
IFN-α2c histidine arginine

Lymphoblastoid IFN-α also exists; this is a mixture of
natural IFN-α subtypes with different structures of the
carbohydrate chains. • Furthermore, a consensus IFN-α
has been developed; this is a genetically modified IFN-
α, which has the properties of various IFN-α subtypes.
Thus its biological activity is increased (by ca. 30% in
chronic hepatitis C, probably due to better receptor
affinity).

Pegylated IFN: The optimization of biological IFN
effects has been achieved by pegylated IFN. The term
“pegylation” denotes covalent linkage of polyethylglycol
(PEG) to IFN. Thus IFN is protected from proteolysis,
and its half-life is extended approx. tenfold (to about 40
hours). Therefore, this “depot interferon” has an
improved efficacy due to prolonged persistence in the
body. (35, 37, 38, 41, 45)

Peginterferon Peginterferon
alpha-2a alpha-2b
(40 kDa) (12 kDa)

Volume of distribution (units) 8�12 l 0.99 l
Clearance (units) 94 ml/h 22.0 ml/h
Absorption half-life 50 h 4.6 h
Elimination half-life 80 h �40 h
Time to maximum 72�96 h 15�44 h
concentration (Tmax)
Peak-to-trough ratio 1.5 >10

The interferons display multiple biological modes of
action. Each of these effects (or their sum) contributes
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to therapeutic efficacy. It is still unclear which actions
or mechanisms assume a central role in the treatment of
chronic viral hepatitis. (40, 42�45) (s. tab. 40.6)

1. Antiviral effects
� Reduction in cellular uptake of viruses
� Inhibition of intracellular processing of viruses
� Reduction in viral mRNA synthesis
� Reduction in protein synthesis
� Induction of ribonuclease

2. Immunostimulation
� Induction of substances inhibiting cell division

and reducing oncogene expression
� cytokines
� complement factors (B, C2)
� nuclear proteins

� Increase in the activity of
� macrophages and natural killer cells
� cytotoxic T lymphocytes

� Hypothalamus-mediated fever

3. Increased expression of membrane proteins
� HLA classes I, II � antigens
� β2-microglobulin
� Fc-receptor

4. Antineoplastic effect
� Inhibition of cell division
� Decrease in oncogene expression
� Direct cytotoxicity

5. Inhibition of fibrosis

Tab. 40.6: Biological modes of action of interferons

The principles and results of interferon treatment in
chronic viral hepatitis B and C have been discussed
in detail. (s. pp 702, 707)

5.1.2 Nucleoside analogues

Nucleosides (e. g. adenosine, cytidine, guanosine, pyrimi-
dine, thymidine, uridine) consist of a nitrogenous purine
or pyrimidine base linked to a 5-carbon sugar (ribose or
deoxyribose). Nucleotides (adenine, cytosine, guanine,
thymine, uracil), the phosphate esters of nucleotides,
form the basis of RNA and DNA. As infectious viral
nucleic acids, they are capable of penetrating the cells and
using available enzyme systems for replication.

As modified nucleoside components, the nucleoside ana-
logues inhibit the replication of viral nucleic acids.
Therefore, they belong to the group of virostatics. They
are phosphorylated by means of cellular or viral kinases,
thus becoming biologically active. As regards their clin-
ical application as virostatics, it must be ensured that
endogenous DNA synthesis is not inhibited along with
viral nucleic acid synthesis. Otherwise, severe mito-
chondrial lesions with lactic acidoses and irreversible
liver damage may occur, possibly with a fatal outcome,
as was the case with fialuridine used in chronic hepatitis
B (R. McKenzie et al., 1995).

Many of these nucleoside analogues have already been
used clinically as virostatics against secondary he-
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patotropic viruses, influenza A or HIV infection. (s. p.
853). The development of nucleoside analogues is of
great importance for the treatment of chronic hepatitis
B and C or D. Their virostatic efficacy can be studied
in chronic hepatitis B using standardized in-vitro sys-
tems and animal experiments. (50) In hepatitis C, no
such models exist, so that efficacy studies are only pos-
sible in infected patients. Several new developments have
already been incorporated into clinical studies in hepat-
ology. They are generally used in combination with
interferon; in some cases, two nucleoside analogues may
be used together. (45, 50, 52, 55)

(1.) Famciclovir: After absorption, this guanine deriva-
tive is converted to its active form penciclovir. The bio-
logically active metabolite penciclovir triphosphate,
which effects the inhibition of viral DNA polymerase, is
only formed in the infected liver cell. The dosage is 3 �
500 mg/day. • After discontinuation of this substance,
the previous findings usually reappear, i. e. it is only
effective as an ongoing treatment. It is used therapeuti-
cally in combination with IFN. (47) (s. p. 705)

(2.) Lamivudine: This is a cytosine(cytidine)-nucleoside
analogue. Its effect is based on the inhibition of reverse
transcriptase in HIV and of DNA polymerase in HBV.
The daily oral dosage is 1 (�3) � 100 mg/day. After
discontinuation of lamivudine, the previous findings
recur; here, too, efficacy only exists with continued ther-
apy. A combination with famciclovir seems promising.
Its clinical application is mainly in combination with
IFN. Long-term monotherapy over several years may
be necessary. (48, 54) (s. p. 704)

(3.) Lobucavir: This guanosine derivative has proved
very effective against HBV. The dosage is 1�4 � 200
mg/day. After discontinuation of the one-month ther-
apy, values returned to their initial levels. A combin-
ation with IFN is also recommended for this substance,
and indeed has a very good action profile.

(4.) Aciclovir: After oral application, only about 20% of
the applied dose of this guanosine derivative is ab-
sorbed. Aciclovir is mainly eliminated via the kidneys
(ca. 85% of the dose within 48 hours). Its half-life, which
is approx. 3 hours, depends on renal function. The sub-
stance is employed especially in HSV and VZV infec-
tions. This agent inhibits DNA polymerase (i. e. replica-
tion) and effects a chain break. As a monotherapy in
HBV infection, aciclovir only shows moderate efficacy.
Side effects are rare.

(5.) Ganciclovir: This is a guanosine derivative exhibit-
ing a good action profile in HBV, EBV, CMV and VZV
infection. Ganciclovir triphosphate inhibits virus repli-
cation. The half-life is about 4 hours. Elimination is via
the kidneys. Only a minor fraction of this substance is
absorbed after oral administration; application (e. g. in
CMV infection) is usually intravenous (10 mg/kg BW/
day). It has severe toxic side effects. Ganciclovir was
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given successfully as early as 1989 in chronic hepatitis
B. Subsequently, good results were achieved in combi-
nation with IFN.

(6.) Ribavirin: This guanosine analogue was first used
experimentally by O. Reichard et al. (1991) and in chronic
hepatitis C by J. Andersson et al. (1991). It is rapidly
absorbed and distributed in the body, but is excreted
slowly (half-life 79 hours). The bioavailability is
45�65%. As a monotherapy, it only leads to a decrease
in transaminases and a slight improvement in histologi-
cal activity. Ribavirin may not exhibit a direct antiviral
effect, but can trigger a favourable response to
interferon. When combined with IFN, ribavirin proved
far more efficacious in chronic hepatitis C (immunomo-
dulation?) without any increase in the typical side effects
of IFN. (49, 51, 53) (s. p. 707)

(7.) Amantadine: The antiviral efficacy of amantadine
(1-adamantanamine) was reported for the first time by
W.L. Davies et al. in 1964. The mode of action consists in
preventing uncoating and viral maturation (i. e. inhibit-
ing the release of the nucleic acids that have already
penetrated the host cell). The active substance is almost
completely absorbed following oral administration. It is
eliminated unchanged via the kidney. The half-life is
about 15 hours. So far, it has only been indicated to
combat influenza virus type A. (s. p. 708)

5.2 Immunosuppressants

Immunosuppressants are substances that suppress the
immune response. Inhibition or neutralization of the
major part of the body’s defence system is essential in
(1.) organ transplantation and (2.) autoimmune dis-
eases. The following are considered to be some of the
most important immunosuppressants:

1. Antilymphocytic globulin 6. Glucocorticoids
2. Anti-CD 3 antibodies 7. Methotrexate
3. Azathioprine 8. Sirolimus
4. Cyclophosphamide 9. Tacrolimus
5. Cyclosporine A

5.2.1 Glucocorticoids

The immunosuppressive effect of glucocorticoids is
based on the reduced formation of interleukins 2 and 6
with inhibition of T lymphocyte proliferation and on a
decrease in IL-2 release. The glucocorticoids are there-
fore effective at a very early phase of the immune
response. • At the same time, phospholipase A2, and
thus prostaglandin synthesis, is inhibited, and leucocyte
migration is reduced (� anti-inflammatory effect). (60)
The clinical use of glucocorticoids is indicated in (1.)
autoimmune hepatitis, (2.) immunocholangitis, (3.) PBC
with a progressive course, (4.) florid alcohol-induced
hepatitis or progressive alcoholic liver disease with evi-
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dence of antihistone B2, and (5.) drug-induced idiosyn-
crasy of the immunological type. In the diseases men-
tioned under points (4.) and (5.), the use of
glucocorticoids should be reviewed critically.

5.2.2 Azathioprine

The effect of azathioprine is based on inhibition of T
lymphocyte proliferation and differentiation of activated
B and T cells. This results in a change in interleukin
expression. Azathioprine suppressed CD 28-dependent
Rac-1 activation, resulting in suppression of bcl-x
expression and a consecutive induction of T cell
apoptosis. These results have important implications for
the development of novel substances showing higher
affinity to Rac-1 with more specific therapy in autoim-
mune diseases and organ transplantation. (66) Azathio-
prine is converted in the hepatocytes to 6-mercaptopu-
rine, the actual active agent. The half-life is 5 hours. It
can take several weeks until a steady state is reached in
the blood, which explains the delayed effect of azathio-
prine (3�6 months). It is assumed that (due to genetic
determination?) the imidazole residue of azathioprine is
capable of binding sulphhydryl groups, resulting in an
additional antimetabolic effect. (56) Pharmacological
differences are further suggested by a report stating that
treatment failure with azathioprine in autoimmune
hepatitis was successfully overcome by subsequent treat-
ment with 6-mercaptopurine. (63) A short time after the
introduction of azathioprine, results of comparative
studies with azathioprine and 6-mercaptopurine in
CAH (probably autoimmune hepatitis) were reported.
(61) • Azathioprine is used clinically in autoimmune
hepatitis, immunocholangitis and progressive PBC.
Combined use with prednisolone yields even better
results. (63) These two substances administered at a low
maintenance dosage can ensure remission for many
years. (60) Maintenance of remission achieved with aza-
thioprine following discontinuation of prednisolone has
likewise been reported. Hepatological side effects
include bone-marrow depression, allergic reactions,
greater susceptibility to infection, cholestasis, destruc-
tive cholangitis, VOD and nodular regenerative hyper-
plasia. (s. pp 650, 685)

5.2.3 Cyclosporine A

This active substance suppresses the release of interleu-
kin 1 from monocytes and the synthesis of interleukins
2, 3 and 4 as well as of TNF-α from T helper cells;
T cell proliferation, macrophage stimulation and B cell
activation are inhibited. Even at an early stage of the
immune reaction, this leads to the suppression of both
humoral and cellular immune responses. The body’s
bacterial defence is still not significantly influenced, as
the phagocytic activity of the RES is barely inhibited by
cyclosporine. Bioavailability is about 35% following oral
application; it is almost completely metabolized in the
body and eliminated predominantly via the bile. Clin-
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ically, its main indication is the prevention of transplant
rejection. (57, 62, 64) Occasionally, it has also been used
in liver diseases, particularly in autoimmune hepatitis
and PBC. (65) As in the case of azathioprine, cholestasis
also constitutes a major hepatological side effect when
using cyclosporine. Canalicular damage demonstrated
in animal experiments could be prevented by S-adeno-
syl-L-methionine. Cyclosporine may cause elevated as
well as reduced blood values in combination with many
other medicaments. (68) (s. pp 650, 686)

5.2.4 Tacrolimus

Tacrolimus was introduced for clinical use in 1989 as a
new, well-tolerated immunosuppressive substance that
can be administered orally or intravenously. Its im-
munosuppressive effect is based on the inhibition of the
lymphokinin synthesis of interleukins 2 and 3, inter-
feron-γ and TNF-α as well as a reduction in interleukin-
2 receptor expression. Tacrolimus leads to inhibition of
T cell activation, the formation of cytotoxic T lymph-
ocytes, the induction of specific T helper cells and T
helper cell-dependent B cell proliferation. Its bioavail-
ability is about 20%. A number of studies have mean-
while been published reporting the superiority of tacro-
limus over cyclosporine. (58, 62) Experimentally,
tacrolimus has been found to effect a decrease in free
radicals, cytokines, tumour necrosis factor and neutro-
philic infiltration in liver tissue. A possible increase in
blood values (hitherto) occurring with about 20 drugs
and a fall in blood values with numerous other drugs
must be considered. Tacrolimus may cause manifesta-
tion of diabetes, or even trigger it. Initially only intended
as an immunosuppressant against graft rejection (59),
tacrolimus has meanwhile also been used successfully in
PSC and autoimmune hepatitis. (67) (s. p. 686)

5.2.5 Cyclophosphamide

Cyclophosphamide is a prodrug which is converted into
active metabolites in the liver. Urotoxic side effects must
be anticipated; they can be suppressed by the additional
administration of sodium-2 mercaptoethanesulphonate.
• This alkylating substance has a strong immunosup-
pressive effect; therefore, it is occasionally used to pre-
vent graft rejection or (at a low dosage) in autoimmune
hepatitis. (s. p. 686)

5.2.6 Methotrexate

This folic acid antagonist belongs to the group of anti-
metabolites which suppress endogenous substances
(metabolites) and trigger the formation of functionally
incompetent macromolecules. Because of their largely
non-specific effect, all rapidly dividing cells are ad-
versely affected and toxically damaged. At a low dosage,
methotrexate has been used in autoimmune diseases. (s.
pp 650, 658, 686)
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5.3 Immunostimulants

Immunostimulants are defined as substances which
stimulate immunological responses and improve a weak-
ened immune system. They include interferon, thymus
factor, interleukins, extracts of microorganisms, chem-
ically defined substances (e. g. levamisole, selenium,
zinc) and plant-derived substances (extracts from Phyl-
lanthus, Bupleurum, Glycyrrhiza, Schizandra, etc.). (s.
pp 705, 868)

5.3.1 Selenium

Discovered by J.J. Berzelius as early as 1817, selenium
was only recognized as being an essential trace element
for humans in 1957. So far, glutathione peroxidase (G.C.
Mills, 1957) and 5-deiodase (D. Behne et al., 1990) have been
defined as selenium-containing enzymes. The daily
requirement ranges from 20 to 100 µg, which is met
mainly by animal protein; in the case of a lactovege-
tarian diet and a simultaneously increased need (e. g.
due to liver cirrhosis or malabsorption), cellular selen-
ium deficiency may occur. (73) Of the 13 selenium pro-
teins known so far, only 2 glutathione peroxidases have
been closely defined: one membrane-bound and one
cytosol-bound enzyme. They are components of an
antioxidative system in that they catalyze the reduction
in hydrogen peroxide, organic hydroperoxides and fatty
acid hydroperoxides. Further biochemical effects in-
clude: stimulation of the immune system (increased
activity of the natural killer cells, stimulation of IFNγ
synthesis, enhanced capability to phagocytize) (72), hep-
atoprotection (73, 80), detoxication of heavy metals,
regulation of lipid peroxidation (scavenger of free rad-
icals), inhibition of carcinogenesis and tumour growth
(73, 80), etc. (s. pp 50, 51, 787) • Sodium selenite seems
to be most appropriate for infections. (s. p. 304)

5.3.2 Zinc

Zinc is an essential trace element, 98% of which is
deposited in the intracellular space. The various organs
differ significantly in their zinc concentration. The total
body content amounts to 1.5�4.0 g. The daily zinc
requirement ranges between 10 and 15 mg. A high
content of certain amino acids (alanine, cysteine, gly-
cine, histidine) greatly facilitates the intestinal absorp-
tion of zinc, whereas phytate-containing pulses and
cereals as well as chronic alcohol abuse impair its
absorption to a considerable extent. (106) Zinc is readily
excreted and hardly accumulates in the body. All in all,
there are many factors leading to relative or absolute
zinc deficiency. (s. p. 50) (s. tab. 3.15 ) • Zinc is an essen-
tial component of about 200 enzymes. It plays a major
role in the metabolism of carbohydrates, proteins, lipids,
vitamin A and alcohol as well as influencing DNA and
RNA synthesis and stimulating the immune system.
(110) It activates ornithine carbamoyltransferase, alka-
line phosphatase, δ-ALA synthetase and carboanhy-
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drase, and especially superoxide dismutase. Zinc metab-
olism primarily occurs in the liver. It is largely governed
by hormones (e.g. glucagon, insulin, glucocorticoids,
ACTH, STH, sex hormones) and regulated by interleu-
kins 1 and 4 as well as TNF. Its close relationship with
the immune system thus becomes evident. (76, 78)
Among other things, zinc influences thymulin, DNA
and RNA polymerase (� gene expression in cell differ-
entiation and proliferation) and the mediator functions
in the immune response. (75) Understandably, zinc defi-
ciency in liver cirrhosis or alcoholic liver diseases may
well contribute to the patient’s susceptibility to infec-
tions or febrile conditions (e. g. spontaneous bacterial
peritonitis) and possibly even the induction of carcino-
genesis. • The multiple biochemical roles of over 200
zinc-containing enzymes explain the wide spectrum of
manifestations associated with zinc deficiency in hepat-
ology. This is of great importance for the pathogenesis
of hepatic encephalopathy and the therapeutic use of
zinc. (69, 70) (s. pp 90, 269, 278, 787)

5.3.3 Thymosin

Of the group of thymosins, a mixture of various thymus
hormones (or factors), fraction 5 has been well defined.
It is already used, for example, for the synthetic manu-
facture of thymosin-α. Further thymus factors include
thymulin and thymostimulin (G.M. Mutchnick et al., 1991).
• Thymus factors effect the maturation of thymus T
cells, which migrate to the lymphatic system as immune
cells. The clinical use of thymosin-α is indicated in
impaired immune defence with a decreased count or
reduced function of T lymphocytes. (74) Clear effects on
HBV DNA and on transaminases were demonstrated in
chronic hepatitis B. (71) • In combination with IFN,
good results were also obtained in chronic hepatitis C.
(79) In a recent study, the use of thymosin as monother-
apy in chronic hepatitis C did not prove to have any
beneficial effect. Generally, good tolerance was recorded
for this drug. (77) (s. p. 705)

5.4 Ursodeoxycholic acid

The secondary bile acid 7-keto-lithocholic acid is trans-
ported from the intestinal tract via the portal vein to
the liver, where it is converted to ursodeoxycholic acid
(UDCA) by bacterial enzyme action. (s. pp 36, 705) (s.
fig. 3.3) • The molecular formula of UDCA is identical
to that of CDCA (C24H4O4); however, it has the
hydroxyl group at the C7 atom in the β-position and
not in the α-position like chenodeoxycholic acid. The
tertiary bile acid UDCA thus constitutes the 7β-epimer
of the secondary bile acid CDCA. This changes the ste-
ric arrangement: the molecule possesses a higher polar-
ity and is thus less able to form micelles. UDCA is
hydrophilic and only slightly lipophilic, and therefore
practically non-toxic to the organism. With its molecular
weight of 392.6, it constitutes 0.5�1.0 (�5.0)% of
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human bile. Following oral administration, UDCA is
passively absorbed in the jejunum and in the proximal
portion of the ileum and, through active transport, in
the distal ileum; in addition, approx. 20% of the UDCA
can be absorbed in the colon. In portal blood, UDCA
is transported bound to protein and conjugated in the
liver with taurine (to a small extent also with glycine).
These conjugates reach the bile. The half-life is 3.5�5.8
days. Like its breakdown product isoursodeoxycholic
acid, UDCA is excreted predominantly in faeces and to
a lesser degree in urine. (83, 86, 87, 99, 102)

Functioning as detergents, hydrophobic (lipophilic) bile acids (cho-
lic acid, chenodeoxycholic acid, deoxycholic acid, lithocholic acid)
exert toxic effects on the biomembranes of liver cells and mito-
chondria. At the same time, these bile acids display an immuno-
suppressive effect and influence the humoral and cell-mediated
defence (e.g. inhibition of monocytes). As in the case of PBC,
hydrophobic bile acids also induce an excessive expression of
MHC-I and MHC-II molecules from hepatocytes and biliary cells.

Modes of action: The mechanisms of UDCA and its
effects in cholestatic liver diseases are not yet fully
understood � even though a number of different effects
have been demonstrated. These include (1.) hepatopro-
tective (92, 97, 98), (2.) cytoprotective (89), and (3.) bili-
ary-metabolic effects (84, 93, 104, 105), as well as (4.) an
influence on the immune system. In ligature of the bile
duct in rats, UDCA was found to reduce the occurrence
of histological changes and biliary cirrhosis as well as
of portal hypertension. (98) (s. tab. 40.7)

1. Inhibition of the enteral absorption of hydrophobic bile
acids

2. Induction of bicarbonate hypercholeresis
� increase in bile flow (hypercholeresis)
� increase in the cholehepatic circulation of UDC

(� cholehepatic shunt) (s. p. 36)
3. Incorporation into the lipid membranes of liver cells and

mitochondria, preventing loss of phospholipids and
cholesterol
� stabilization of membranes
� improvement of bile acid transport
� amelioration of immunological membrane functions

4. Influence on calcium-mediated intracellular signal transfer
5. Interaction with the glucocorticoid receptor
6. Influence on protein kinase C
7. Reduction in MHC-I and MHC-II molecule overproduction

(� decrease in T lymphocyte toxicity)
8. Inhibition of interleukins 1, 2, 4 and 6, TNF-α and

immunoglobulin formation
9. Synergistic effect with IFN-α

Tab. 40.7: Biochemical and pharmacological modes of action of
ursodeoxycholic acid

Contraindications: The following contraindications
should be observed: acute cholecystitis, acute cholang-
itis, obstruction of the cystic duct and common bile duct
as well as frequent biliary colic.

Indications: The indications for the clinical use of
UDCA are either already well-documented, empirically
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proven or pharmacologically justified. (91, 94, 96,
100�102) • Practically no side effects are to be expected.
From the therapeutic viewpoint, it is possible to achieve
an improvement in the clinical symptoms (fatigue, pruri-
tus, gastrointestinal symptoms, steatorrhoea), especially
in cholestasis with decreased values of AP, LAP, γ-GT
and bilirubin. (95, 96) • There is a similar improvement
in further laboratory parameters (transaminases, GDH,
IgM, cholesterol, etc.) together with an amelioration of
histological alterations. (82) Special attention should be
paid when administering UDCA in cirrhosis with asci-
tes. (s. pp 233, 241, 651, 658, 686) (s. tabs. 13.10; 40.8)

Viral hepatitis
Acute viral hepatitis (88)
Chronic hepatitis (82, 101)

Autoimmune diseases
1. Autoimmune cholangitis
2. Autoimmune hepatitis
3. Overlap syndrome
4. Primary biliary cholangitis (85, 94, 100)
5. Primary sclerosing cholangitis (90, 103)

Cholestatic liver diseases
1. Alcoholic liver disease with cholestasis
2. Chemically induced cholestasis
3. Cholestasis with complete enteral feeding
4. Drug-induced cholestasis
5. Secondary sclerosing cholangitis

Genetically determined cholestasis
1. Alagille’s syndrome
2. Byler’s syndrome
3. Cholestasis of pregnancy
4. Disturbances of the steroid ring

� 7α-hydroxylase deficiency
� 4δ-3-oxosteroid-5β-reductase deficiency
� 3β-hydroxysteroid-5δ-dehydrogenase

5. Mucoviscidosis
6. Recurrent benign cholestasis

Organ transplantation
1. After liver transplantation (81)
2. Refractory graft vs. host reaction

Tab. 40.8: Demonstrated, empirically confirmed or pharma-
cologically justified indications for the therapeutic use of
ursodeoxycholic acid (with some references)

5.5 Lactulose

5.5.1 Chemistry

� Lactulose does not occur in nature, nor is it present in breast
milk or fresh cow’s milk. Small amounts of lactulose are, however,
found in heated dairy products, especially in condensed milk (an
average of 660 mg, up to a maximum of 940 mg, per 100 ml). •
The initial substance for the synthetic manufacture of lactulose is
lactose. This disaccharide consists of D-glucose and D-galactose,
interlinked through a β-1-4-glycoside bond. • Lactulose was manu-
factured for the first time in 1929 as a keto-analogue of lactose (E.
Montgomery et al.). As a disaccharide, it is composed of D-galac-
tose and D-fructose. The molecular formula is C12H22H11, with a
molecular weight of 342.3. Lactulose has a high degree of sweetness
(0.48�0.62, compared with 1.0 for sucrose). The pH value ranges
between 3.4 and 4.0. (107)
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5.5.2 Pharmacokinetics

� Lactulose can be neither absorbed nor broken down by enzym-
atic or bacterial action in the small intestine; after 1�2 hours, it
reaches the colon unchanged. Lactase activity in the intestinal
mucosa is not influenced by lactulose. Following oral intake of
lactulose, approx. 0.5�1.0% is taken up by the intestinal mucosa
through passive diffusion and completely excreted unaltered in the
urine. However, its absorption is increased by intestinal disease or
damage to the intestinal mucosa following cytotoxic chemother-
apy. With simultaneous oral ingestion of hyperosmotic solutions,
elevated lactulose levels are likewise detectable in the urine. The
amount of lactulose thus excreted provides clues to the degree of
damage possibly caused to the intestinal mucosa. After oral
administration of 20�25 ml lactulose, there is only a slight rise in
the blood sugar level of 1�12 mg%; therefore, no clinically relevant
aggravation of diabetes need be feared with lactulose therapy, nor
are any systemic effects evident. • Lactulose is not demonstrable
in the stool; this suggests that a complete breakdown takes place
in the colon due to saccharolytic bacteria. The following bacteria
have proved most effective for lactulose catabolism: Lactobazillus
species, Bifidobacterium, Clostridium perfringens and the Bacte-
roides species. An amount of up to 80 ml lactulose can be broken
down per day by bacterial enzyme action under physiological con-
ditions. Long-term treatment with lactulose stimulates the forma-
tion of bacterial β-galactosidase, whereby higher bacterial meta-
bolization rates of lactulose are achieved. (107) The main
metabolites include lactic acid, resulting from anaerobic fermenta-
tion, and pyruvic acid, resulting from aerobic metabolism � with
subsequent formation of other organic acids (formic acid, succinic
acid, butyric acid, caproic acid, acetic acid, etc.). This leads to a
fall in the pH value in the colon (dose-dependent) to 5�6. The pH
value is not in the desired therapeutic acid range until an increase
in osmotic pressure with an evacuation frequency of 2�3 times/day
has been achieved at the respective lactulose dosage. • Degradation
of lactulose in the colon with enhanced formation of organic acids
results in an inhibition of growth of gram-negative proteolytic
microorganisms which are responsible for the formation of endo-
toxins. There is also promoted growth of saccharolytic bacteria,
creating bifidus flora typical of breast-fed babies (F. Petuely, 1957,
1986; F. Meyerhofer et al., 1959). (106, 110, 112, 114)

5.5.3 Pharmacology

“Wrong idea, good results (the lactulose story)” (U.P.
Haemmerli et al., 1969); “Lactulose works, but why?”
(K.A. Hubel, 1973); “In several aspects lactulose is an
unusual drug”; “Lactulose is a fascinating hybrid of
a nutrient and a drug” (J. Bircher et al., 1988); “Lactu-
lose is a many splendored thing ... with many other
beneficial actions in its bag of tricks” (H.O. Conn,
1992). (s. fig. 40.1)

Unchanged lactulose is pharmacologically inert. Its
multiple effects are only evident after breakdown by
bacterial enzymes in the colon. (107) • The ability to
break down lactulose varies greatly from one bacterial
species to another, and even from strain to strain,
depending on their enzyme endowment. Therefore, the
quantity and the predominant type of organic acids
formed on breakdown depend on the lactulose dose and
the enzyme endowment of the saccharolytic bacteria.
The total acid content of the colon is also influenced by
individual factors, such as the absorption rate into the
colon mucosa or the buffering caused by secreted bicar-
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bonates, and possibly also by retroactive effects of the
lactulose metabolites on the intestinal bacteria with
potential changes in their metabolism. • The organic
acids and the bacterial formation of gas as well as the
increase in osmotic pressure account for the laxative
effect (F. Mayerhofer et al., 1959). This action occurs
within 8 hours of lactulose administration. With a rise
in the bacterial count of more than 50%, there is also
(1�2 days after lactulose application) a rise in the stool
mass and thus an additional acceleration of defaecation.
• The formation of ammonia in the intestine is due to
the breakdown of proteins or amino acids, nucleic acids
and biogenic amines. The intestinal formation of ammo-
nia is inhibited by intraluminal acidosis and promoted
by alkalosis. Independently of the intestinal flora,
ammonia is also formed in the intestinal mucosa
through glutamine uptake and the release of ammonia,
alanine and glutaminic acid. This metabolic NH3 pro-
duction with hyperammonaemia was also demonstrable
in microbe-free and hepatectomized experimental ani-
mals. With an intestinal pH value of < 6, non-ionized
ammonia (NH3) diffuses from the blood to the intestine,
while the diffusion of non-ionized ammonia from the
intestine into the bloodstream is simultaneously
decreased. This results in an elevated excretion of
ammonium cations (NH4

�) in faeces and a reduction in
hyperammonaemia. The rapid onset of effect on hyper-
ammonaemia following lactulose enemas can also be
explained by the influence on non-ionic diffusion. A
further mechanism underlying the lactulose-induced
decrease in hyperammonaemia may be based on the fact
that lactulose constitutes a valuable carbon and energy
source for intestinal bacteria. Bacterial growth is
thereby promoted and a substantial quantity of nitrogen
is included in the protein synthesis of bacteria, which
leads to a measurable consumption of ammonia. A fall
in the colonic ammonia level may also be the result of
a marked reduction in proteolytic intestinal bacteria by
lactulose. (108, 111, 116) • The therapeutic efficacy of lac-
tulose in the treatment of hepatic encephalopathy was
demonstrated by J. Bircher et al. in 1966. Numerous pub-
lications dealing with this indication have appeared. (s.
p. 279) Such favourable experience has been further sup-
ported by recent studies. (108, 109, 113, 115) • The efficacy
of lactulose in endotoxinaemia demonstrated by D. Scev-

ola et al. (1979) was later confirmed in various publica-
tions and also recently demonstrated anew. (114) Dif-
ferent explanations for this anti-endotoxin effect of
lactulose have been put forward: (1.) increased removal
of endotoxins due to higher evacuation frequency, (2.)
blocking of endotoxin receptors by lactulose, and (3.)
influence on the number and metabolic performance of
gram-negative intestinal bacteria. (s. fig. 40.1)

A reduction in the cholesterol level due to lactulose was
observed by N. Ebner in 1973 and confirmed by D. Conte

et al. in 1977. Lactulose can also be used in hepatogenic
disturbances of lipid metabolism. • Translocation of
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Fig. 40.1: Reduction in the blood
ammonia levels with a corres-
ponding improvement in the
detoxification functions of the
liver as a result of multifactorial
influence exerted by lactulose on

Lactulose

Breakdown by saccharolytic 
germs in the colon

Proteolytic bacteria ↓

1. N-incorporation into bacteria ↑ 1. Transit time ↓
– growth of bacteria ↑

2. NH3 production ↓ 2. Excretion 
– proteolytic germs ↓ of toxins ↑
– glutamine in mucosa ↓

3. Fall in NH3 concentration 3. Excretion 
– intestine → blood ↓ of NH3 ↑
– blood → intestine ↑

Osmotic pressure ↑

Endotoxins ↓ Toxins ↓

Organic acids ↑

pH value in the colon ↓
(< 6)

Ammonia
– production ↓
– excretion ↑
– blood level ↓

Improvement in the detoxification functions of the liver
ammonia metabolism

gram-negative bacteria to the mesenterial lymph nodes
was significantly suppressed in experimental obstructive
jaundice under lactulose treatment compared to the ref-
erence group without lactulose (114). Furthermore,
galactosaemia-induced liver damage and bacterial con-
veyance could be prevented by lactulose. (110)

� A therapeutic drop in the pH value to < 6 is gen-
erally achieved when evacuation occurs 2�3 times per
day. In order to guarantee this condition, respective
quantities of lactulose should be administered in 2
(�3) daily doses. • In principle, evacuation frequency
should be “no less than 2 and no more than 4 times
per day”. With this regimen, no major side effects
need to be feared.

5.5.4 Indications

The multiple modes of action of lactulose, which are
based on an interplay of several effects, require a suffi-
ciently acidic pH value in the colon.

860

Lactulose is administered as long-term therapy. The
indications are derived from its modes of action. (s.
tab. 40.9)

1. Reducing or normalizing hyperammonaemia in
hepatic encephalopathy

2. Eliminating endotoxinaemia
3. Prophylactic use in cirrhosis (and other chronic

liver diseases)
4. Decreasing susceptibility to infections in cirrhosis

by inhibiting the translocation of intestinal bacte-
ria

5. Reducing the cholesterol level and influencing
lipid metabolic disturbances in primary biliary
cholangitis (and other liver diseases accompanied
by hyperlipidaemia)

6. Improving the absorption of calcium in malab-
sorption

Tab. 40.9: Indications for the therapeutic use of lactulose
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5.6 Branched-chain amino acids

The cirrhosis patient is in a vicious circle regarding
protein metabolism: cirrhosis � hepatic encephalo-
pathy � protein restriction � malnutrition � catab-
olism �. Thus, prolonged protein restriction and
catabolism may considerably worsen the prognosis of
cirrhosis. • In this hazardous situation, the dietary
and therapeutic use of branched-chain amino acids
(BCAA), i. e. valine, leucine and isoleucine, is a
logical therapeutic intervention.

The urea cycle is the most important process in bio-
logical ammonia detoxication. (s. pp 57, 266) (s. figs.
3.12, 3.13) • It is directly linked with amino-acid metab-
olism and thus also with NH2 donors and precursors
through specific amino acids and transamination pro-
cesses. Here, the major transamination processes are
those involving glutamate and oxalacetate as well as
α-ketoglutarate and aspartate.

� The ammonia hypothesis postulates that a high ammonia con-
centration in the tissue inevitably leads to a clear increase in
glutamine. This results in a marked intracellular decrease in gluta-
mate (and α-ketoglutarate). This glutamate pool can be refilled by
a more intensive degradation of BCAA as NH2 donors. At the same
time, transamination effects the formation of branched-chain keto-
analogues of the respective amino acids. • Succinyl CoA is also
facultatively involved, providing α-ketoglutarate via the citric acid
cycle; this is the starting substrate of glutamate prior to transamin-
ation. These reactions occur mainly in the muscles. (s. fig. 40.2)

AMMONIA

Alpha-ketoglutarate

Succinyl CoA

Glutamate Glutamine

BCAA BCKA CO2

ADP ATP

Fig. 40.2: Indirect influence of ammonia on the metabolism of
branched-chain amino acids (so-called ammonia hypothesis) (ac-
cording to E. Holm, 1986) (BCAA � branched-chain amino acids,
BCKA � branched-chain keto acids)

� Branched-chain amino acids apparently stimulate the urea cycle.
Carbamoylphosphate synthetase, which channels ammonia into
the urea cycle, is induced by ornithine and N-acetylglutamate as a
cofactor of urea synthesis. Here, BCAA follow two modes of action:
(1.) they stimulate the synthesis of N-acetylglutamate via synthe-
tase formed from glutamate and acetyl CoA, and (2.) they inhibit
ornithine-keto acid transferase, which is the enzyme responsible
for ornithine degradation, leading to an increase in ornithine con-
centration. • Ammonia detoxication is thus stimulated by two regu-
latory mechanisms. (s. fig. 40.2)

� As a rule, cirrhosis patients show reduced plasma BCAA levels
and unchanged BCAA concentrations in the brain, whereas methi-
onine and aromatic amino acids (AAA) (phenylalanine, tyrosine,
tryptophan) are elevated in the plasma and brain. (s. p. 280) •
The fall in BCAA levels is attributable to its increased degradation,
which, in turn, is caused or aggravated by hyperinsulinaemia.
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Methionine and AAA compete with BCAA for the same transport
system at the blood-brain barrier. Lowered BCAA levels in the
blood therefore favour the passage of elevated methionine and
AAA concentrations. The influx of these amino acids is increased
by concomitant hyperammonaemia. Ammonia crosses the blood-
brain barrier freely. In the astrocytes of the brain, BCAA effect
an increase in glutamate by transamination with α-ketoglutarate.
Glutamine formation rises, permitting the removal of ammonia
from the brain. Glial swelling could be reduced in animal experi-
ments. • Anabolic protein metabolism in the muscles is responsible
for (1.) reduction in muscle protein breakdown products which
contribute to the formation of ammonia, and (2.) higher amounts
of ammonia being taken up by the musculature and converted via
glutamate to glutamine, which is harmless. • Hyperammonaemia
in liver cirrhosis cannot be influenced by keto-analogue amino
acids, which are N-free precursors of protein synthesis. However,
the keto-analogue of leucine can inhibit the breakdown of muscle
protein, which means that favourable effects might still be achieved
by using BCKA in decompensated cirrhosis � without any dis-
cernible impact on the ammonia level itself. (117, 120, 129)

The use of branched-chain amino acids is based on the
following modes of action (s. tab. 40.10):

1. Compensation of the amino-acid imbalance
2. Restoration of the competitive transport mech-

anisms at the blood-brain barrier
3. Stimulation of glutamine synthesis in the brain,

muscle and liver (� transitory ammonia detoxica-
tion)

4. Inhibition of ornithine breakdown in the liver with
a favourable effect on urea synthesis (� definitive
ammonia detoxication)

5. Anabolic and anticatabolic effects, especially in
muscles

6. Stimulation of the HGF, favouring liver regener-
ation

Tab. 40.10: Modes of action of branched-chain amino acids

The indication for administering BCAA in patients with
hepatic encephalopathy to compensate amino-acid im-
balance was proposed by J.E. Fischer et al. in 1974, and
implemented parenterally. However, oral application of
BCAA for an adequate treatment period also has bene-
ficial effects on cirrhosis and HE: (1.) improvement in
protein tolerance and the nutritional condition, (2.)
improvement in cerebral functions (118, 122), probably
due to an amelioration of liver function, (3.) stimulation
of ammonia detoxification with a positive nitrogen bal-
ance (118), (4.) reduction in or normalization of AAA
levels, and (5.) promotion of glutamine synthesis with a
favourable effect on the cells of the immune system and
on renal function. • By means of BCAA, it was possible
to prolong the survival time and delay the occurrence
of liver failure in rats with CCl4-induced cirrhosis. (123,
126) • However, there are diverging results, which need
further clarification. In principle, the use of BCAA is
considered to be a necessary form of supplementary
treatment for catabolic metabolism in cirrhosis (124, 125,
127, 128, 130�132), in (also latent) HE and after curative
resection of hepatocellular carcinoma. (121) (s. p. 280)
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5.7 Amino acids of the urea cycle

As early as 1932, H. A. Krebs and K. Henseleit discovered
in their investigation of the amino acids that ornithine,
even in small amounts, was capable of increasing urea
synthesis from (toxic) ammonia. Otherwise, only argi-
nine had a slight effect in this respect. (138) The
following table shows which of the amino acids involved
in the urea cycle are available for therapeutic purposes:

Arginine
Ornithine aspartate (OA)
� available

Arginine � citrulline
� ornithine
� available

Arginine aspartate
Arginine malate
Aspartic acid
Citrulline
Ornithine
Ornithine α-ketoglutarate
� not available at present

The ammonia-reducing effect of the amino acids involved in the
urea cycle has been strikingly well demonstrated in a variety of
experimental studies by several research groups. In most of these
studies, ornithine aspartate was used, although arginine, ornithine
and ornithine α-ketoglutarate have also been investigated. (134,
137, 141, quot. 139) • The greatest effect on ammonia reduction
was achieved with ornithine aspartate, the combination of these
two amino acids being more effective than the administration of
either substance alone. The above results were confirmed in experi-
mental studies by K. Zicha et al. (1968) and G. Hermann (1972). In
healthy dogs, the increased ammonia levels due to ammonia over-
load were lowered to normal by ornithine aspartate; in dogs with
Eck’s fistula, the occurrence of toxic ammonia levels could be pre-
vented (C. E. Grossi et al., 1967). • Further experimental studies
revealed that the liver content of ornithine, citrulline, arginine, glu-
tamate and urea rose following exposure to ammonium chloride
in rats. The urea synthesis rate exceeded the norm by 50%, while
glutamate concentration doubled as a result of α-ketoglutaric acid,
which increased to the highest possible limit. With simultaneous
administration of arginine or ornithine, hepatic ornithine concen-
tration increased considerably, and urea synthesis rose by 80�85%.
• In healthy volunteers, administration of ornithine �-ketoglutarate
led to elevated renal excretion of urea and ornithine α-ketogluta-
rate, i. e. a clear stimulation of urea synthesis was attained.

� Since the clinical studies of L. Zieve et al. in 1960, the use of these
amino acids or their salts has been indicated in hyperammon-
aemia. (146) Thus, following protein overload in alcoholic cirrhosis
patients, a reduction in ammonia levels was achieved by adminis-
tering 60 g ornithine α-ketoglutarate. (135, 140) • Since the first
clinical use of ornithine aspartate more than 30 years ago (1968), a
series of studies has been published. (136, 142�145) This ammonia-
reducing substance is the stable salt of L-ornithine and L-aspartic
acid with the empirical formula C9H19N3O6 and a molecular weight
of 265.3. Bioavailability is 82.2 ± 28.0%. The substance is rapidly
absorbed, with subsequent splitting into its two component amino
acids. Its half-life is 40 minutes.

The biomolecular modes of action of ornithine have been
the subject of several experimental investigations.
Ornithine activates the enzymes carbamylphosphate
synthetase and ornithine carbamyl transferase, which
are necessary for the liver-specific process of urea syn-
thesis (133, 139); this occurs mainly in the periportal hepa-
tocytes (� definitive ammonia detoxification). Gluta-
mine synthesis (binding of ammonia to glutamate) takes
place predominantly in the perivenous hepatocytes (�
transitory ammonia detoxification). Large amounts of
glutamate are necessary for this. Aspartate, ornithine
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(via α-ketoglutarate), glutamate and other dicarboxy-
lates are taken up almost exclusively by the perivenous
hepatocytes responsible for glutamine synthesis. In
addition, aspartate and dicarboxylates are considered to
be activators of glutamine synthesis, a process which is
disturbed in cirrhosis patients. (s. pp 57, 266) (s. figs.
3.12, 3.13)

Aspartic acid is not only involved in the urea cycle, but following
oxidative deamination to α-ketoglutarate, it is also a component
of the citric acid cycle. An increased quantity of energy is thus
made available in the form of ATP for the energy-consuming urea
cycle. The energy cycle is additionally stimulated by transamin-
ation of aspartic acid to oxalacetate. The increased channelling of
aspartic acid into the urea cycle facilitates the release of fumaric
acid, which is also a substrate of the citric acid cycle, and thus
further enhances the formation of ATP. Moreover, aspartic acid
binds the ammonia which is present in the musculature; as a result,
asparagine is formed, and free toxic ammonia is bound. • Aspartic
acid is a glucoplastic amino acid and an important initial substrate
for pyrimidine synthesis in liver cell regeneration. Following con-
densation with carbamylphosphate and the formation of the inter-
mediate product L-dihydro-orotic acid, orotic acid, the central pro-
duct in the biosynthesis of pyrimidine nucleotides, is formed by
oxidation.

There are several biochemical and clinical modes of ac-
tion associated with ornithine aspartate. (s. tab. 40.11)

1. Increase in urea synthesis by ornithine
� substrate of the urea cycle
� activator of carbamyl phosphate synthetase
� activator of ornithine carbamyl transferase
� activator of glutamine synthesis

2. Increase in glutamine synthesis by aspartate
� substrate of glutamine synthesis
� activator of glutamine synthetase

3. Increase in the energy balance by aspartate
� substrate of the citric acid cycle
� formation of oxalacetate
� channelling of fumaric acid into the citric acid cycle

4. Increase in NH3 detoxification in the musculature
5. As a component of pyrimidine nucleotide synthesis

leading to liver cell regeneration

Tab. 40.11: Modes of action of ornithine aspartate

The various modes of action provide the basis for the
following therapeutic indications of ornithine aspartate:

1. Hepatic encephalopathy
� with improvement in the mental condition and

psychometric test results
2. Relief of NH3 intoxication symptoms

� e. g. fatigue, weakness

5.8 D-penicillamine
D-penicillamine is a non-physiological amino acid. It is a dimethyl
derivative of cysteine, which is a structural component of many
proteins. Metabolically, penicillamine is relatively stable. In add-
ition to the amino group (�NH2) and the carboxyl group
(�COOH), it contains a sulphhydryl group (�SH) as a further
reactive centre. The underlying biochemical modes of action are:
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1. Chelate formation with heavy metals
2. Exchange reactions with disulphides

� with low molecular weight substances
� with proteins

3. Binding with aldehyde
� to pyridoxal phosphate
� to aldehyde groups in collagen and other proteins

Penicillamine may effect chelate formation with the
heavy metals copper, lead, zinc, gold and mercury. This
complex formation is accompanied by simultaneous
reduction processes, e. g. copper is reduced to copper-1-
ion. From the biochemical viewpoint, an influence on
collagen synthesis is also conceivable, as the amino-
oxydase involved in the formation of collagen contains
copper, so that this enzyme is inactivated through the
binding of copper to penicillamine. To my knowledge,
this process has not yet been confirmed in vivo. • The
mesenchyma suppression effect of penicillamine with a
decrease in the formation of connective tissue is based
on the inhibition of the cross-linkage between fibre pro-
tein precursors and hydroxyproline synthesis. However,
it appears that the process of hepatic fibrosis is not
influenced. • Of relevance is the reaction with macro-
globulins, which is accompanied by the breaking of the
disulphide (S-S) bridges through exchange reactions; this
leads to depolymerization. An example of the binding
of penicillamine to an aldehyde group is its binding to
pyridoxal phosphate � a coenzyme which is formed in
the body from vitamin B6. Equally important is the
reaction of penicillamine with the aldehyde groups of
tropocollagen, which causes the formation of thiazoli-
dine, thus preventing synthesis of insoluble collagen.
(150) • Intestinal absorption is rapid and relatively high.
The half-life is 3�4 hours. The greater part of the orally
applied substance is eliminated within 24 hours. In par-
ticular, diseases with high hepatic copper concentrations
are an indication for penicillamine. • Side effects occur
frequently; the use of vitamin B6 may be necessary.

The principal indications for penicillamine are:

1. Wilson’s disease (149) (s. p. 615)
2. Indian childhood cirrhosis (147) (s. p. 616)
3. Primary biliary cholangitis (148) (s. p. 650)
4. Heavy metal poisoning

5.9 Somatostatin
Somatostatin was first isolated from the hypothalamus of sheep for
use as a growth hormone-inhibiting factor in 1973 (P. Brazeau et
al.). In the same year, its synthetic production was also reported
(H. D. Croy et al., 1973). The molecular weight is 1,638. The empirical
formula of this substance, which is composed of 14 amino acids,
is C76H106N18O19S2. To my knowledge, somatostatin was used clin-
ically for the first time in 1974 in a patient with acromegaly (S. S. C.
Yen et al.). • Since 1979, somatostatin has been recommended for
oesophageal variceal bleeding (L. Thulin et al.). Its plasma half-life
is 1�2 minutes; the substance is broken down by endopeptidases
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and aminopeptidases, with a renal excretion rate of about 80%.
• The following organ-specific effects are worth mentioning: (1.)
inhibition of endocrine and exocrine functions (in the area of the
pancreas, stomach and small intestine � especially inhibition of
insulin and glucagon release) and (2.) inhibition of the blood sup-
ply to the gastric mucosa and splanchnic vessels.

In oesophageal variceal bleeding, somatostatin is recom-
mended immediately after emergency admission to hos-
pital at the following dosage: an i.v. bolus injection of
250 (�500) µg and subsequently 250 µg per hour (pos-
sibly with 2-minute bolus injections). In this way, sclero-
therapy or ligation is technically facilitated and the
effectiveness of the therapy improved; fewer blood pro-
ducts are needed. No major side effects have occurred
at this dosage. (152, 154) The bolus injection rapidly
effects a reduction in portal venous and intravaricose
pressure as well as a decrease in the blood flow in the
azygous vein. (151, 153) It is worth noting that intestinal
blood is eliminated more slowly and virtually
unchanged, since somatostatin inhibits the release of
digestive enzymes and prolongs the intestinal transit
time. Continued passage of tarry stool may at first be
erroneously interpreted as an effect of somatostatin �
unless systemic problems or a fall in Hb actually suggest
further bleeding. (s. p. 360)

5.10 Terlipressin
Terlipressin, chemical name N-α-triglycyl-8-lysine-vasopressin,
consists of 12 amino acids. The molecular weight is 1,377.5, and the
empirical formula is C52H74N16O15S2 · C2H4O2 · 5H2O. Through
hydrolytic removal of the glycyl residues, the vasoconstrictor hor-
mone lysine-vasopressin is slowly released as an active substance.
Peak concentrations are obtained after 120 minutes. The break-
down of lysine-vasopressin into inactive metabolites, effected by
hepatic and renal endopeptidases and exopeptidases, is almost
total, so that only about 1% is excreted in the urine. • The plasma
half-life is 12 minutes, the elimination time is 40�180 minutes. The
effect persists for 4�5 hours. The vasoconstriction is particularly
intensive in the splanchnic system; as a result, arterial blood flow
is reduced, and portal hypertension is lowered (by up to 35% with
1 mg terlipressin). (155, 158, 161) The smooth muscles of the
oesophageal sphincter are contracted with consecutive compres-
sion of the existing varices. At the same time, increased peristalsis
occurs, leading to a more rapid evacuation of intestinal blood and
of ammonia formed by intestinal bacteria. • The renal blood flow
is elevated in hypovolaemia. The elevated WHVP and HVPG
become reduced and hepatic arterial blood flow increases.

The following dosage is recommended for acute
oesophageal variceal bleeding: 1�2 mg terlipressin as an
i.v. bolus (if possible in the ambulance or upon emer-
gency admission) followed by 1 mg as an i.v. bolus every
4�6 hours for a total period of 2�3 days. Terlipressin
reduces the elevated blood levels of renin and aldos-
terone and increases the GFR. The combined use of
vasoconstrictor therapy with local mechanical haemo-
stasis gives the best results � and a higher chance of
survival. The side effects are slight. (157, 159, 160, 162) (s.
p. 360) • Application is recommended in the case of the
hepatorenal syndrome. (156)
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5.11 S-adenosyl-L-methionine
S-adenosyl-L-methionine (SAMe) is present in nearly all body
cells. About 30% of hepatic SAMe is localized in the mito-
chondria. It is formed from methionine and ATP by SAMe syn-
thetase (G. L. Cantoni, 1952). Transport from the cytosol to the
mitochondria takes place via a specific phospholipid carrier system
in the biomembranes. (164, 172) • Metabolically, S-adenosyl-L-
methionine is an important initial substrate for numerous synthesis
pathways (164, 167):

1. Transmethylation: The transfer of methyl groups is of great rele-
vance for phospholipid synthesis in the biomembranes and for
the synthesis of hormones, nucleinic acids, proteins, porphyrins,
etc. (164)

2. Transsulphuration: The involvement of SAMe leads to the
formation of glutathione, cysteine, etc. These substances play
an important metabolic role in detoxification processes and in
the elimination of reactive oxygen intermediates.

3. Aminopropylation: The transfer of decarboxylated SAMe is
crucial to the synthesis of polyamines (spermine, spermidine,
putrescine). Together with ornithine decarboxylase, SAMe
determines the synthesis rate of polyamines, which are essential
for cell regeneration. At 30�60 minutes, the half-life of SAMe
decarboxylase is very short and thus readily adaptable to vari-
ous metabolic situations.

� In experiments, SAMe was found to prevent lipid peroxidation
and to normalize the reduced glycogen content of hepatocytes in
liver damage. In further studies, its cytoprotective effect was also
confirmed. (163, 166�171, 173, 177�181) This protective effect
likewise applied to preneoplastic cell damage. The results concern-
ing the prevention of cholestasis were impressive. • In cirrhosis
or severe liver disease, there is a reduction in SAMe synthetase,
glutathione, cysteine and phospholipid methyltransferase (together
with a simultaneous deficiency in phosphatidylcholine formation,
accompanied by disturbed membrane fluidity and decreased activ-
ity of Na�/K�-ATPase and Ca2�-ATPase).

The pharmacological effects and therapeutic uses of SAMe in hepat-
ology are discussed in a detailed review. (169) • The impressive out-
come of various experiments led to numerous clinical studies,
which, however, also included negative results. (165, 169, 174�176)
On the whole, there was a significant decrease in bilirubin, bile
acids, alkaline phosphatase and transaminases. Pruritus, a frequent
symptom in cholestasis, also showed regression.

S-adenosyl-L-methionine is an interesting substance
which deserves further clinical investigation. The recom-
mended dosage is 800 mg/day with intravenous admin-
istration or 1,200 mg/day orally. No major side effects
have been noted. The studies available so far suggest the
following indications :

1. Alcoholic liver disease, especially in cholestasis
(s. p. 537)

2. Drug-induced cholestasis (s. p. 554)
3. Chemically induced cholestasis (s. p. 572)
4. Recurrent intrahepatic cholestasis (s. p. 233)
5. Recurrent intrahepatic cholestasis of pregnancy

(s. p. 233)
6. Gilbert-Meulengracht syndrome (s. p. 221)
7. Compensated liver cirrhosis (s. p. 741)

5.12 Haemarginate

The requirements for successfully treating clinically
manifest acute porphyria are: (1.) elimination of the
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causative factor(s), (2.) use of supportive therapeutic
measures (fluid and electrolyte balance, analgesics, anti-
convulsants, antihypertensive agents, antiemetics, anti-
arrhythmics), (3.) i.v. glucose infusion (approx. 400 g/
day), and (4.) haemarginate. (s. p. 607)

Haemarginate is produced from erythrocyte concen-
trate. It compensates the loss of the intracellular haem
balance, which regulates haem synthesis. In this way, the
overproduction of porphyrin precursors is reduced.
Haemarginate is relatively stable; following i.v. admin-
istration, it is bound to haemopexin and albumin, and
thus made available to the liver cells. (185) • Dosage is 3
mg/kg BW/day, administered per daily i.v. infusion (for
about 15 minutes) exclusively in 0.9% NaCl solution
(100 ml). Haemarginate is stabilized by arginine and
contains 96 vol.% ethanol (1,000 mg/ ampoule) as well
as propyleneglycol (4,000 mg/ampoule). It is degraded
into bilirubin and excreted via the bile. The application
period depends on the degree of severity of acute por-
phyria; as a rule, it extends over 3�5 days. With success-
ful use of haemarginate, the excessive elimination of
PBG and ALA is restored to normal, as is the excretion
of uroporphyrinogen and coproporphyrin. These values
should be monitored in the urine under haemarginate
therapy. (182�184) • Side effects may appear in the form
of phlebitis. This is, however, rare when haemarginate is
administered intravenously into large veins. Minor, clin-
ically insignificant effects on blood coagulation have
only seldom been observed.

Important: Haemarginate treatment should be initiated
as early as possible before any neuronal damage, which
may be irreversible, occurs.

5.13 Phytotherapeutics
Plant extracts have been used in the treatment of liver diseases
for over 2,000 years. • So far, more than 170 plant-derived sub-
stances from some 55 plant families have been well documented
regarding their hepatoprotective efficacy. (187) Recently, the
Rosmarinus species (186) and Salvia miltiorrhiza (189) were
added to this list as antifibrinogenetic agents. • In controlled
clinical studies, many of these active substances were found to
be effective in various liver diseases. Some of them are already
listed in the pharmacopoeia. • Two points should be made here:
(1.) in the plant kingdom, there are other substances with spe-
cific agents which would act on liver structures or against liver
diseases, but have not yet been recognized as such; (2.) more
sophisticated biochemical/biomolecular procedures now allow
more exact characterization and a more precise description of
known and previously unknown active substances, so that their
targeted therapeutic use may be made possible. (188)

Phytotherapeutics are defined by law as substances
derived from plants, plant parts or plant components in
a processed or unprocessed form and used medicinally.
As substances, phytogenic preparations are treated in
the same way as synthetic chemical compounds or sub-
stances of other origin. Phytopharmaceuticals must like-
wise comply with the usual safety standards, such as
quality, harmlessness and efficacy. (s. p. 553)
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Phytotherapeutic agents are used as primary prepar-
ations (e. g. tinctures) or as a concentration of various
active substance fractions and as pure substances.
Monoextracts are complicated mixtures of chemical
substances. They contain primary active agents, second-
ary active agents and inert accompanying substances.
The main active agents wholly or predominantly deter-
mine the therapeutic properties of phytopharmaceut-
icals. Secondary active agents present in addition to the
main active agent(s) may attenuate, potentiate or modify
the effects of the main active agent. The overall thera-
peutic effect generally results from the synergy of several
constituents. Accompanying substances include cellulose,
lignin and starch as well as various forms of sugar, pro-
tein and fat. • The active constituents of plants essen-
tially depend on climate, location and other exogenous
factors. Therefore, isolating the main active agent is a
prerequisite for clarifying its composition, synthesis and
pharmacosynthetic modification. Should an active sub-
stance be unknown or not well-documented, a quantita-
tively predominant substance (or several substances)
amenable to analysis is then defined as the key sub-
stance. This is to ensure that a certain phytopharmaceu-
tical preparation is offered at a standardized quality.
According to the legal requirements, the key substances
may also be defined as so-called “other scientifically
proven material”.

Pharmaceuticals of plant origin also form part of
rational drug therapy in science-oriented medicine.
They are used in the treatment of certain defined dis-
eases and complaints. The more carefully the various
pharmacological characteristics of phytogenic rem-
edies are elucidated, the more reliably their clinical
effects can be evaluated (e. g. digitalis, rauwolfia, hyo-
scyamine, senna). • This is also true of the phytothera-
peutic preparations used in hepatology.

5.13.1 Essential phospholipids

� Essential phospholipids (EPL) are isolated from the soya
bean. This plant was mentioned in the books of Pen Ts’ao Kong
Mu (during the reign of Emperor Sheng Nung, 2838 BC). It
was one of the five “holy cereals” considered essential for
human life. • Today, about 800 soya bean species are known.
Depending on the species, location and extraction method, the
seeds contain 35�40% proteins, 20�30% carbohydrates,
5�10% accompanying substances (amines, vitamins, triterpene
saponins, glycopeptides, lectin, flavonoids, xanthines, etc.) and
12�18% crude fats. The crude oil contains 90�95% fatty acid
glycerides, predominantly unsaturated fatty acids (oleic acid,
linoleic acid). Refining crude oil yields 30�45% phosphatides
(soya lecithin). The phosphatides contain 15�20% phosphati-
dylcholine (“lecithin”), which represents an important constitu-
ent of cell membranes and is also involved in lipid metabolism
in the liver (H. Eikermann, 1939). (Detailed account: 190)

Essential phospholipids are a highly purified phosphati-
dylcholine fraction containing essential (unsaturated)
fatty acids, especially linoleic acid (about 70%), in the
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C1 and C2 positions. The main active ingredient in EPL
is 1,2 dilinoleoylphosphatidylcholine (DLPC) (40�52%
of the phosphatidylcholine molecules). Standardization
is performed with reference to 3-sn-phosphatidylcholine
(73�79%). In the literature, the designation PPC (poly-
enylphosphatidylcholine) is also used; this is intended to
emphasize the special fatty acid composition. DLPC
has a high bioavailability and an affinity for cell mem-
branes. The phosphatidylcholines constitute a typical
lipid bilayer and are thus the main structural compo-
nent of cellular and subcellular membranes. Moreover,
the proportion of phosphatidylcholines with highly
unsaturated (essential) fatty acids is a decisive factor in
determining membrane fluidity and thus also the bio-
logical membrane functions (see figure 40.3 regarding
the multiple functions of phospholipids). Endogenous
phospholipids are substituted by EPL, which may be
administered by the oral route or, in a highly purified
form, by the intravenous route. (205, 206, 222) (s. p. 27)
(s. fig. 2.19)

EPL administration has protective, curative and/or re-
generative effects on the biomembranes of hepatocytes
and sinus endothelia following damage to the cell mem-
brane through toxic, inflammatory, allergic, metabolic
or immunological reactions. The cytoprotective effect of
EPL has been demonstrated in 17 in-vitro and 104 in-
vivo experiments including 29 different models and 7
different animal species. They were conducted using
EPL together with various chemicals (191, 214, 225), alco-
hol (192, 194, 196, 208, 210�212, 217�219), narcotic drugs,
cytostatics, ionizing rays, etc. (s. tab. 40.12) These
experiments clearly demonstrated the notable hepato-
protective and curative effects of EPL in vivo. Remark-
ably good results were also obtained with EPL as an
antifibrogenic agent. (191, 207�209, 213) The earlier EPL
was given, the more pronounced the effects were. Inhibi-
tion of lipid peroxidation in the liver membranes was
likewise verified. In animal experiments, it could be
demonstrated that PPC increases SAMe and GSH levels
in alcohol-induced hepatic oxidative stress. (193) Simi-
larly, it was possible to diminish the antiapoptotic
action against ethanol-induced hepatocyte apoptosis.
(215) In a further study, the alcohol-induced increase in
peroxinitrite hepatotoxicity and the concomitant pro-
duction of oxide and superoxide could be prevented by
PPC. (194) Furthermore, it has been shown that PPC
activates enzymes such as triglyceride lipase, which is
responsible for triglyceride degradation in the liver. (197)
In addition, dilinoleoylphosphatidylcholine, which is the
main active ingredient in PPC, diminishes the activity of
acylcoenzyme A: cholesterol acyltransferase, an enzyme
that leads to the storage of cholesterol in the liver. (216) •
Based on these pharmacological and clinical data, PPC
would appear to be the drug of choice for significantly
reducing or abolishing fatty liver of different origin, e.g.
due to alcohol or obesity, even if the causing noxa can-
not be eliminated, as is the case with diabetes-associated
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Intoxications due to chemical substances Intoxication due to drugs

CCl4 acute/subacute 17 1. Paracetamol acute 1
chronic 10 2. Tetracycline subacute 2

CCI4 � ethanol chronic 1 3. Rifampicin subacute 1
Ethanol acute/subacute 14 4. Cholic acid chronic 1
Ethanol chronic 15 5. Indomethacin acute 2
� triton, INH/rifampicin 6. Choline deficiency subacute 1
Cyanate, Carbonyl-Fe acute/chronic 4 7. Anaesthetics subacute 3
Galactosamine acute/subacute 9 8. INH subacute 1
Allyl alcohol acute 5 9. Platidium �/� CCI4 acute 1
Ethionine subacute 1
Organic solvents chronic 2 Cholestasis intoxication 4
Carbon disulphide chronic 1 Antigen-antibody reaction 1
Thioacetamide chronic 1 Intoxication due to radiation 8
Sodium glutamate chronic 2 Lipid peroxidation due to FeSO4 2
Hexachlorcyclohexane chronic 1 Endogenous oxidative stress 2
Ammonium fluoride chronic 1

Tab. 40.12: Cytoprotective effects of EPL in in-vivo investigations (104 experiments, 29 different models, 7 different animal species)

(status 1988: E. Kuntz; status 2000: K.-J. Gundermann)

SSttaabbiilliittyy ↑ CCeellll  pprrootteeccttiioonn ↑ PPhhyyssiioollooggyy ↑ RReeggeenneerraattiioonn ↑ IImmmmuunnoollooggyy ↑

11..  IInnccoorrppoorraattiioonn  ooff  EEPPLL  iinnttoo  ddaammaaggeedd  cceellll  mmeemmbbrraanneess
��  rreessttoorraattiioonn  ooff  nnoorrmmaall  mmeemmbbrraannee  ssttrruuccttuurreess

– against viruses, – free radicals ↓ – fluidity ↑ – elements rich in – ADCC ↓
toxins, noxae – lipid peroxidation ↓ – flexibility ↑ energy ↑ – MILT ↓

– elasticity ↑ – RNA synthesis ↑ – primary immune
– rigidity ↓ – liver cell glycogen ↑ response ↑
– permeability N – mitotic activity ↑
– enzyme activation ↑
– protein activation ↑
– prostaglandins ↑
– stimulation of

NA+/K+-ATPase ↑

22.. AAnnttiiffiibbrroossiiss  eeffffeecctt
– stimulation of collagenase ↑
– percentage of transitional cells ↓
– peroxidation products ↓

33.. FFaatt  mmeettaabboolliissmm  iinn  tthhee  lliivveerr
�� formation of lipoproteins ↑

44.. SSttaabbiilliizzaattiioonn  ooff  bbiillee ↑
55.. BBlloooodd  ffllooww  pprrooppeerrttiieess ↑

Fig. 40.3: Putative and demonstrated hepatic modes of action of EPL in vitro and in vivo. (ADCC � antibody-dependent cell-mediated
cytotoxicity, MILT � mitogen-induced lymphocytotoxicity, N � normal)

steatosis. (199, 201, 203) The regenerative effect of EPL on
experimentally induced liver cell damage was confirmed
by biochemical and histological findings. (200) (for fur-
ther details, see 190, 206) (s. tab. 40.12) (s. fig. 40.3)

These results were confirmed in further studies. (195, 221,
223, 224, 226) It was also discovered that EPL can have
an inhibitory effect on alcoholic fibrogenesis in
baboons. (209, 212) The clinical studies which were avail-
able up to 1988 (190) have meanwhile been supplemented
by other investigations. (198, 202, 220)
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In severe liver insufficiency, we were able to effect a life-
saving reversal in 7 out of 10 seemingly hopeless cases
by the first ever intravenous application of PPC (3,000
mg/day). (204) • A European multicentre double-blind
study showed that EPL significantly increased the rate
of IFN-α responders among patients with chronic hepa-
titis C as well as reducing the relapse rate. (220)

The modes of action of EPL suggest the following indi-
cations: curative, protective/curative and curative/regen-
erative therapy (1.) in toxic liver damage and fatty liver,
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(2.) in acute viral hepatitis, acute intoxication, liver
insufficiency, and (3.) as a supportive flanking therapy
in chronic viral hepatitis and cirrhosis.

5.13.2 Silymarin

The name “sillybon” was given by ancient Greek
writers � and later by Theophrastus (372�287 BC) �
to a thistle species, without its being defined more
closely. In “De Materia Medica” by Dioscorides

(about 50 AD), the plant later called milk thistle is
described as a medical remedy for the bites of poison-
ous snakes. In his book “Historia Naturalis”, Plinius

the Elder (23�79 AD) was the first to mention the
choleretic effect of milk thistle. The extract was
recommended as a liver remedy by H. Brunfels (1434)
and P. A. Mathiolus (1590), and also in the herbals of
H. Bock (1560) and A. Lonicerus (1564). • As a result of
the investigations of F. Mayer et al. (1949) and O. Eichler

et al. (1949), the year 1949 can be regarded as the
“hour of birth” of silymarin for liver treatment.
(Detailed account: 227)

� Silymarin is a mixture of three chemically related flavanolig-
noids; it is obtained by extraction from the seeds of the milk thistle
(Silybum marianum Gaertn. or Carduus marianus [L]). These fla-
vanolignoids include: (1.) silibinin, (2.) silidianin, and (3.) silicristin.
Silibinin is the main active constituent. Its molecular weight is
482.5, the empirical formula is C25H22O10. • The major pharmaco-
kinetic characteristics are rapid absorption and a calculated
absorbed fraction of 23�47%. Peak plasma concentrations are
achieved after 1�2 hr. In plasma, 90�95% of silymarin is bound
to protein. The half-life is 6.3 hr. Because of the relatively high
molecular weight, > 90% is excreted via the bile. About 10% of
the administered dose enters the enterohepatic circulation. With
repeated administration, steady state elimination is achieved from
the second day; thus there is no accumulation of silibinin. • Sili-
cristin displays pharmacokinetic properties similar to those of sili-
binin, yet with a lower biliary excretion rate (4�10%). No further
information is available on the second minor component silidianin
(and isosilibinin). (228, 230, 241�243, 247, 260, 262, 264)
(Detailed account: 227)

� In addition to an array of general pharmacological findings in
vivo or in isolated organs, specific hepatology-related results have
been obtained. A number of studies provided evidence of different
membrane effects; experimental cholestasis was prevented or
reduced, and the release of histamine or serotonin from mast cells
was diminished. Silymarin inhibits the different cytochrome P-450
enzymes to a varying extent. (228, 230, 242, 243, 250, 260, 262,
264) Evidence of membranotropia and hepatoprotection is of major
relevance: respective positive effects have been shown in more than
30 different model studies in over 120 investigations. (232�236,
238�240, 246, 249, 254, 255, 258, 259, 261, 265, 267) • The effi-
cacy of silymarin as an antioxidant (so-called radical scavenger)
was confirmed in recent studies. (229, 237, 251, 253, 255, 257, 266)
Furthermore, an antifibrosis effect (231, 244, 248, 252) and the
inhibition of β-glucuronidase (336) have been demonstrated. The
modes of action of silymarin are based on several cellular targets.
(s. tab. 40.13)

The clinical studies (approximately 120) available up to
1988 (227) have meanwhile been supplemented by fur-
ther investigations. (236, 242, 246, 256, 263) Silymarin did
not prove beneficial to patients with PBC.
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The combination of essential phospholipids and silymarin
is of special clinical interest because of the cellular
targets and modes of action of these two drugs.
(268�273) (s. fig. 40.3) (s. tab. 40.13) In patients with
chronic hepatitis, a combined EPL-silymarin substance
was applied with success (269). Thus, the available results
of clinical studies suggest the following indications:

Silibinin (intravenous)
� Amanita poisoning

Silymarin (oral)
� Toxic liver damage � Supportive therapy

� alcohol toxicity � chronic hepatitis
� drug toxicity � liver cirrhosis
� chemical toxicity

1. Protection of biological membranes from noxae
• Inhibition of toxin uptake
• Stabilization of biological membranes

� influence on phospholipid turnover
� biochemical interactions with membranes
� decrease in enzyme induction
� inhibition of phosphodiesterase

2. Support of cellular detoxication mechanisms
• Stimulation of superoxide dismutase
• Maintenance of the glutathione pool (GSH) of

hepatocytes
3. Antioxidative effect

• Interactions with free radicals
• Reduction in lipid peroxidation

� inhibition of lipoxygenase
� decrease in malondialdehyde
� diminution of glutathione consumption

4. Inhibition of fibrogenesis
5. Increase in protein biosynthesis
6. Inhibition of cholesterol synthesis

� fall in microsomal hydroxylmethylglutaryl-CoA
reductase

Tab. 40.13: Cellular tackling points and modes of action of sily-
marin

5.13.3 Glycyrrhiza glabra

Glycirrhizin was used for the first time in hepatology in
1977 by H. Suzuki et al., who achieved good results in
patients with chronic hepatitis. The main constituents
isolated from the roots of Glycyrrhiza glabra are triter-
pene saponins, including glycyrrhizin (5�20%), and trit-
erpene sapogenins. Glycyrrhizin is a conjugate of 1
molecule of glycyrrhetinic acid with 2 molecules of
glucuronic acid. It is metabolized by β-glucuronidase,
predominantly in the intestine (by bacteria) and to a
lesser extent in the liver (by lysosomes). The half-life
is 3�5 hours, in chronic liver disease 4�10 hours. The
following modes of action are postulated: (1.) it acts
as a radical scavenger, (2.) it decreases cell-membrane
permeability, and (3.) it prevents membrane penetration
by viral particles. (276) The antiviral cytoprotective and
immunomodulatory effects are based on these modes of
action. Although its previously known pharmacological
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effects were not considered to be of any consequence
for hepatology, glyzyrrhizin has meanwhile surprisingly
proved its worth as a hepatoprotective compound. The
agent induces interferon formation and, in this way, also
has an antiviral effect. Good therapeutic results were
recorded in several clinical studies on chronic hepatitis
B, NANB and C and for prophylactic use in transfusion
hepatitis (with administration both before and after
blood transfusions) as well as in subacute viral liver fail-
ure (200�600 mg/day). Glycyrrhizin inhibited HAV rep-
lication and improved the immunological identification
of HBsAg; HBeAg-positive patients showed more rapid
seroconversion. (275, 277) A mixture of glycyrrhizin (40
mg) � cysteine (20 mg) � glycine (400 mg) has also
been used as therapy. • With long-term administration,
pseudoaldosteronism may appear, which can be elim-
inated by spironolactone (e. g. 50 mg/day).

5.13.4 Colchicine

� Colchicine is an alkaloid obtained from the autumn crocus (Col-
chicum autumnale). It is a nitrogen-containing, tricyclic com-
pound with a tropolone structure. The results of the pharmacoki-
netic studies available so far are summarized in a review. (289)
Colchicine inhibits the function of the microtubuli (280) and acts
as a toxin on cells, mitoses and capillaries. (279, 284, 287, 290)
Albumin synthesis is apparently only slightly affected. (282) In
existing iron overload, further iron uptake is greatly increased by
colchicine. Trimethylcolchicinic acid proved less toxic. (279) The
antifibrotic effect of colchicine is probably based on a reduction
in collagen secretion and an increase in collagenase activity with
elevated collagen breakdown. (286) In existing liver disease, the
pharmacokinetics of colchicine is influenced. (288, 289) A poten-
tial antilipid peroxidative effect was observed in experimentally
induced acetaminophen liver damage. (284)

The results obtained from the clinical use of colchicine
are controversial. Good results in the prevention of cir-
rhosis in chronic hepatitis B and, when combined with
UDCA, in primary biliary cholangitis are counterbal-
anced by unfavourable results in chronic hepatitis (283,
291), primary biliary cholangitis (281) and primary scle-
rosing cholangitis (285) as well as in alcoholic hepatitis.
• A beneficial effect of colchicine on hepatic fibrogenesis
should be the subject of further debate. (s. pp 650, 658,
743)

5.13.5 Betaine

Betaine is a quarternary ammonium compound. This
substance is widely found in nature; it was first isolated
from sugar beet (Beta vulgaris). • Like choline and
methionine, betaine belongs to the group of lipotropic
substances. Choline plays a major role in the mobiliza-
tion of neutral fats in the liver, using them to form
transportable phospholipids with neutral fats. In order
to be able to give up its methyl group, choline requires
betaine. Thus it assumes an important function in the
transmethylation cycle of lipid metabolism, particularly
since it is also essential for the resynthesis of methio-
nine. Within the therapeutic dosage range, betaine is in
no way toxic.
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5.13.6 Cynara scolymus

Cynarine is the main active agent of artichoke extract.
It is a cinnamic acid derivative; the substitution pattern
of its aromatic rings is similar to that of dopamine.
Caffeic acid is also regarded as a major active substance.
It has not yet been clarified to which constituents the
known modes of action are attributable: (1.) increase in
choleresis, (2.) inhibition of cholesterol biosynthesis, (3.)
hepatoprotection due to antioxidative effects, and (4.)
activation of the urea cycle.

5.13.7 Bupleurum falcatum

An extract of Bupleurum falcatum with the active agent
saiko has for a long time been used in hepatobiliary
diseases in Eastern Asia. The substance is commercially
available in China under the name Sho-Saiko-To. The
active components are attributed to the saiko-saponins
(M. Yamamoto et al., 1981, 1985). Inhibition of fibrogenesis
was demonstrated in animal experiments. (292�294) A
good effect was achieved in chronic hepatitis in several
clinical studies. Significantly more rapid HBeAg elimi-
nation was attained in children with chronic hepatitis B.
(295) (s. pp 553, 705)

5.13.8 Phyllanthus amarus

Extracts from Phyllanthus amarus and Phyllanthus nir-
uri have been used in India for more than 20 years in
acute viral hepatitis, apparently with success. Compared
with essential phospholipids, Ph. niruri was equally
effective in improving laboratory values, while Ph.
amarus proved to be even more efficacious. Phyllanthus
extracts inhibit HBV reduplication (298, 299) and DNA
polymerase in HBV and WHV infection (300), whereas
this effect was not verified in DHV hepatitis. (297)
HBsAg carriers also exhibited a loss of HBsAg in 50%
of cases and a significant rise in anti-HBs titres. (296)
These good results contrast with a number of unfavour-
able experiences, which may be attributable to the fact
that the Phyllanthus species contain varying amounts of
active substances in different countries. This was also
believed to explain the better efficacy of Phyllanthus
urinaria compared to Ph. amarus and Ph. niruri.

5.13.9 Schizandra chinensis

The hepatoprotective efficacy of Schizandra chinensis is
based on its lignoids Gomisines A, C, N, Wuweizisu C
and Schisanthesin D. (302) A rapid decrease in transami-
nases was verified in chronic viral hepatitis (189
patients). (308) Hepatoprotective and anticarcinogenic
effects were demonstrated in experimental studies. (301,
303�307)

5.13.10 Catechin

The active substance (�)-catechin is the main component of the
plant Uncaria gambir. In the systematic chemical nomenclature,
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this natural substance is called (�)-cyanidanol-3. Pure (�)-cate-
chin is considered completely non-toxic. Catechin is readily
absorbed and rapidly degraded in the liver. So far, 11 metabolites
have been identified. Because of its low molecular weight, catechin
is mainly eliminated via the kidney. • The following modes of action
have been demonstrated: (1.) increase in ATP concentration in the
liver and (2.) inhibition of lipid peroxidation. This is the basis of
the marked hepatoprotective effect. It was used clinically as an
adjuvant in acute viral hepatitis, chronic hepatitis and toxic (also
alcohol toxic) liver damage. The results reported seemed promis-
ing. • Although catechin was regarded as totally non-toxic on the
basis of experimental studies, major (unexplained) side effects
including haemolytic anaemia, idiosyncratic reactions and even
deaths occurred (K. A. Neftel et al., 1980; N. Brattig et al., 1981).
• The preparation, which had already been introduced in many
countries, was thereupon withdrawn from the market.

6 Surgical therapy

Even in antiquity, liver injuries were considered to be
fatal due to the uncontrollable bleeding. Proof of an
enemy’s death was not furnished until his liver could
be presented. (s. p. 5) As far as we know, Celsus (30
BC�50 AD) gave the first, remarkable description of
liver surgery, which, due to the high volume of blood,
was carried out using a cautery knife. • Surgical treat-
ment techniques for liver diseases were not included
in textbooks on hepatology until 1965. The two-vol-
ume book by F.Th. Frerichs (1861) (s. fig. 1.19), the
textbook by H. Eppinger (1937) (s. fig. 5.1) and the two-
volume book by I. Magyar (1961) contained no descrip-
tions of liver surgery � apart from the treatment of
echinococcus cysts � although extensive liver or por-
tal vein system surgery had been carried out since the
second half of the 19th century.

Since the first surgical treatment of refractory ascites
by hepatopexy (C. T. Billroth, 1894) and of bleeding
oesophageal varices using resection of the short gas-
tric veins (G. Banti, 1894), vast numbers of surgical
techniques have been developed in order to manage
both of these emergency situations.

The attempt to compile a systematic list of all procedures
is bound to be incomplete despite thorough investigations.
However, it is worth the effort to include the ingenious �
and seemingly logical � surgical methods of our worthy
predecessors, so that their approaches to the operative
management of ascites or bleeding oesophageal varices
are not forgotten. (s. tabs. 16.19 and 19.7!)

� An important prerequisite for liver surgery was knowledge of
the vascular system, which was first described by F. Glisson in 1654
(s. fig. 1.16) and again by R. Rex in 1888, and which is known in
detail today. • For the segmental classification of the liver, the sys-
tem according to C. Couinaud (1954) and A. Priesching (1986), using
the branches of the portal vein as orientation, gained prevalence.
The caudate lobe is designated as segment I. Segment IV is situ-
ated on the right side of the falciform ligament (it is exclusively
oriented to venous drainage via the intermediate hepatic vein).
This sets limits for surgical techniques, and the haematogenous
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route of liver metastases is also taken into account. • Hjortsjö’s
concept (C. H. Hjortsjö, 1948) referring to the division of the ante-
rior segment into two vertical subsegments could be confirmed by
recent investigations. (332) (s. p. 16 (s. figs. 2.5, 40.4)

� During the past 30 years, the surgical treatment of liver diseases
or injuries has made enormous progress due to the introduction of
more sophisticated techniques, newly developed instruments and
anaesthetic procedures as well as better management of intraoper-
ative haemodynamics. These options regarding superior liver sur-
gery have only been made possible by the introduction of modern
imaging procedures, endoscopic techniques and angiography. As
with the use of laparoscopy, these examination methods guarantee
far more exact presurgical staging than was conceivable in the past.
• Since the introduction of TIPS, shunt and block surgery have
lost some of their importance, both in terms of elective indications
and the emergency treatment of complications observed in portal
hypertension. In an era of well-managed liver transplantation
(which in the meantime is performed at a large number of centres),
TIPS and shunt surgery serve to bridge the time gap until a favour-
able date for transplantation has been found. • It should be noted
that an appropriate shunt operation guarantees a more stable situa-
tion than TIPS, especially in the long term. Indeed, shunt surgery,
rehabilitated by C. E. Zöckler et al. (1985), is experiencing a revival
in many places.

6.1 Ascites in portal hypertension

Even though conservative therapy proves efficacious in
85�90% of ascites cases, 5�15% are unresponsive to
such treatment. • These patients can be treated success-
fully using invasive or surgical measures, since the prog-
nosis for ascites which is really refractory is poor. How-
ever, in each case, surgical options have to be carefully
considered, taking into account all individual facts and
deciding about indications with respect to (1.) perito-
neovenous shunt, (2.) TIPS, or (3.) liver transplantation.
• The first two methods contribute to recompensation
and help to bridge the time gap until liver transplanta-
tion can be carried out, whereby the liver function
should be maintained as effectively as possible. • After
peritoneovenous shunt (s. p. 311) (s. figs. 16.12�16.14) (s.
tabs. 16.14�16.18) or TIPS (309, 310, 313) (s. pp 259, 314,
362) (s. fig. 16.15), a subsequent transplantation no
longer poses a problem.

6.2 Bleeding in portal hypertension

The causal spectrum of upper or lower gastrointestinal
bleeding is extremely broad. (s. tab. 19.4) (s. pp 348,
366) The most common sources of bleeding in portal
hypertension are varices of the oesophagus and stomach
(s. pp 254, 352), portal hypertensive gastropathy or
intestinal vasculopathy (s. p. 257), and intestinal varices.
(s. p. 256) It is particularly the unexpected and massive
variceal bleeding which is life-threatening and which
requires intensive care, i. e. a combination of medication
and mechanical measures. Of greatest importance are
drugs to reduce portal vein pressure, sclerotherapy or
variceal ligation, and (if necessary) balloon tamponade.
(s. pp 358�359) • Whether or not surgical techniques
are indicated is determined after definitive haemostasis
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and should be based on a critical evaluation of individ-
ual risk factors and the respective liver status. However,
surgical treatment is needed for variceal bleeding which
lasts longer than 2 days (requiring a daily supply of > 4
units of blood) and which could not be stopped despite
all conservative measures; this also applies to early
relapse bleeding. • From a haemodynamic point of view,
TIPS, which is a non-surgical connection between the
hepatic and portal vein, represents a portacaval side-to-
side shunt. This results in a sustained decrease in portal
vein pressure. Relapse bleeding is reduced to 10�20%.
Such an approach does not complicate subsequent liver
transplantation. TIPS is thought to be the ideal tech-
nique for bridging the time gap before liver transplanta-
tion can be carried out. (310�312)

6.2.1 Shunt operation

The importance of surgical treatment for oesophageal or gastric
variceal bleeding is still controversial. Nevertheless, according to
the findings to date, shunt surgery with a relapse bleeding risk of
5 (�10)% is deemed to be the best prophylaxis against bleeding, so
that > 50% of Child A and B patients reach their fifth postopera-
tive year. In the only comparative prospective study carried out so
far, the small-calibre, portacaval H-graft prosthetic shunt proved
to be superior to TIPS in all relevant aspects. (311) • Good selec-
tion criteria are: (1.) Child A and B patients, (2.) liver volume
between 1,000�2,500 ml (as a close correlation to the O2 con-
sumption of the liver), (3.) portal vein perfusion of 10�30% of the
total hepatic blood flow (for a distal splenorenal shunt of >30%)
in sequential scintigraphy or duplex Doppler sonography, (4.) selec-
tive panangiography to check whether the arteries and veins have
a sufficient length and lumen, and (5.) use of a shunt technique
which does not harm liver function and at the same time facilitates
subsequent liver transplantation. The most efficient techniques
have proved to be the distal splenorenal shunt (particularly in high
portal vein residual perfusion) using the same procedure as with
splenopancreatic disconnection and gastric transection (319), and
the small-calibre mesocaval interpositional prosthetic shunt (espe-
cially in cases of decreased portal vein blood flow). Chylous ascites
was observed as a rare complication of a distal splenorenal shunt.
If, for surgical reasons, these methods cannot be applied, the por-
tacaval side-to-side shunt using a small-calibre stent is now recom-
mended when there is no possibility of liver transplantation. (316)
The partial portacaval shunt is preferred to the direct shunt. (315)
The survival rate after 5 and 10 years is reported to be 75�80%
and 65�70%, respectively. • The outcome of shunt surgery is deter-
mined by the preoperative liver function and the arterial compensa-
tion capacity (which still cannot be measured exactly). The pre-
operative portal vein pressure is obviously not a risk factor during
surgery or postoperatively. (314, 317, 318, 320) • Treatment of
multiple arterioportal fistulas by shunt surgery should be men-
tioned as a rarity here. (s. p. 363!) (s. tab. 19.7)

6.2.2 Block surgery

Block surgery prevents the portal blood from flowing to the
oesophagus and thus intervenes directly at the site of bleeding.
However, it does not reduce portal hypertension � portal vein
residual perfusion is not decreased. • The numerous methods or
modifications may be differentiated into three groups: (1.) simple
block operations, in which the oesophagus is divided close to the
cardia and re-anastomosed, (2.) extended block operations, which
comprise additional skeletization of the stomach in order to avoid
fundus variceal bleeding, and (3.) the Sugiura method, which also
includes splenectomy in addition to gastric devascularization and
oesophageal section. (314) • Block operations are only indicated
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when TIPS or shunt surgery could not be carried out or were
unsuccessful. Devascularization procedures are worth considering
as emergency interventions. (s. p. 363)

6.3 Liver resection

� The first liver resection in the form of a lobectomy
was carried out on a dog by G. Zambeccari as early as
1680. The first resection in humans (removal of an
adenoma) was also performed in Italy, but the out-
come was fatal (A. Lius, 1886). The first successful
resection of a large, benign, pedicled lobular constric-
tion was carried out by C. v. Langenbuch (Germany)
in 1888, while successful resections were performed
in the USA by W.W. Keen as from 1892.

6.3.1 Basic principles

Definition: A liver resection is defined as the surgical
removal of tissue components of the liver in order to
eliminate a localized disease process. • The left
hepatic lobe (segment I�IV) contains 40% and the
right lobe (segment V�VIII) contains 60% of the
total liver mass. (s. fig. 40.4) Removal of > 80% of a
healthy liver is (in principle) fatal. • Hyperplasia of the
remaining liver can be expected, while regeneration
of the resected portion of the liver is also possible.

Functional reserve: The method of choice and the extent
of the resection depend upon the residual function of
the remaining liver tissue. As a rule, it is relatively easy
to determine the loss of tissue caused by surgical inter-
vention, but this is not equivalent to the functional loss:
on the one hand, the tumourous or diseased tissue
which has been removed had no function and therefore
cannot be evaluated as a functional loss; on the other
hand, the neighbouring tissue, which was displaced by
the growth process, might indeed experience functional
recovery after tumour resection. It should be noted that
healthy liver tissue usually has to be removed due to the
necessity of allowing a safety margin. This is especially
true when keeping to the respective segmental bound-
aries. Evaluation of the remaining functional reserve is
extremely difficult in a diffusely diseased liver. This is
above all true in cirrhosis; here, it is first of all necessary
to determine the Child Pugh stage. (s. tab. 35.6) Several
laboratory parameters (e.g. ChE, GEC, ICG, amino-
pyrin 14C test) (339, 340) as well as CT volumetry or
99mTc GSA (339) � and, in the future, virtual liver sur-
gery (336) � are suitable for assessing preoperative liver
function and its postoperative functional reserve (even
though functional values cannot be directly related to
the functional hepatocyte mass). (321, 333, 334)

� Parenchyma setting: When incisions are made in the paren-
chyma, all structures within the tissue (arteries, portal veins,
hepatic veins, bile ducts) must remain intact. Apart from the well-
established method called “finger fracture” (W. Anschütz, 1903),
ultrasonic cutters, water beam dissectors or laser scalpels are used
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nowadays in order to distinguish between hepatic parenchyma and
vascular structures. • Haemostasis can be achieved by surgical
techniques and electrocoagulation, infrared coagulation, argon
beamer or fibrin glue. • The insertion of drainage tubes allows the
removal of postoperative lymph, gall, residual haematomas and
(possibly) oozing blood. Even if these surgical methods are care-
fully managed, it is not possible to avoid such fluid discharge com-
pletely. • The post-resection methylene blue test helps to reduce the
postoperative biliary leakage rate. (335) (s. pp 780, 798!)

6.3.2 Classification and indications

Left hemihepatectomy: This procedure includes segments II, III
and IV, i. e. the left liver lobe is removed. • In extended left hemi-
hepatectomy, segment V or VIII is also resected. (s. fig. 40.4)

Right hemihepatectomy: This procedure was successfully carried
out for the first time by W. Wendel (Germany) in 1911 in order to
remove a large adenoma. • The technique involves the resection of
segments V, VI, VII and VIII, i. e. right liver lobe is removed. •
Extended right hemihepatectomy also includes segment IV (left
middle segment). (s. fig. 40.4)

Lobectomy: In left lobectomy, segments II and III are removed,
while in right lobectomy, segments IV�VIII are resected (whereby
the right and left halves of the liver are incorrectly called “lobes”).
(s. fig. 40.4)

Segmentectomy: This surgical technique involves the removal of a
single liver segment or a combination of segments. Both marginal
and central segments may be involved. Another surgical option
includes going beyond the boundaries of the segments, such as
removal of segment V and the lower half of segment IV. • Resec-
tion of segment VIII is the most difficult procedure; usually, seg-
ment VII is removed at the same time, since the venous blood flow
is interrupted in any case. • Segmentectomy IV divides the liver
into two parts as far as the vena cava. The cava/gall-bladder line
serves as orientation. • Left lateral segment resection involves seg-
ments II and III (also known as left lobectomy, see above). • Seg-
ment I cannot be assigned to either of the two halves of the liver.
Its boundaries are difficult to determine; in general, the anterior
boundary is defined by the hilar ramification of the portal vein
structures, while the posterior boundary line is deemed to be the
vena cava. Segment I varies in size, and sometimes it is nothing
more than a thin layer of tissue. • As a rule, it is possible to define
the segmental boundaries by targeted puncture of the portal vein
branches to show colour contrast in the respective segment and
also by intrasurgical sonography. (326) (s. fig. 40.4)

Dorsocranial resection, a special technique with simultaneous
hepato-atrial anastomosis, may be indicated in the Budd-Chiari
syndrome (G. Bansky et al., 1986; S. Meyer et al., 1988). (s. p. 830)

A wide spectrum of focal lesions of varying sizes pro-
vides the indication for liver resection (323, 325, 328, 330,
331, 333, 337):

1. Benign liver tumour
2. Congenital malformations
3. Focal bile-duct processes
4. Granuloma (tuberculosis, actinomycosis, etc.)
5. Liver metastasis
6. Malignant liver tumour
7. Parasitic foci
8. Traumatic liver injury

6.3.3 Regeneration

In 1879 H. Tillmanns first reported the phenomenon of
liver regeneration following a large resection in an ani-
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Fig. 40.4: Representation of the liver segments (acc. to C. Coui-

naud, 1954) (ULS � upper liver surface, LLS � lower liver sur-
face). (327) Left liver lobe: I�IV (segment I corresponds to the
caudate lobe and can only be delimited at the LLS; segment IV is
actually located to the right of the falciform ligament). Segment
IV is subdivided into an apical part (IVa) and a caudal part (quad-
rate lobe) (IVb). Right hepatic lobe: segments V�VIII. (1 � infe-
rior vena cava; 2, 3 � falciform ligament) (s. figs. 2.1, 2.5)

mal experiment. This observation was confirmed in
1931 by animal experiments, in which restoration of the
liver was demonstrated following two-third resection in
the rat. (329) • It has meanwhile been shown that liver
regeneration begins directly after resection with a cas-
cade of biochemical and molecular mechanisms. It
becomes measurable three to four weeks later. Numer-
ous examinations revealed that the remaining liver
reaches its initial, normal size again within 3�6 months.
(324) Even in chronic hepatitis or cirrhosis, the liver
demonstrates its regenerative capacity after extensive
resection, albeit more slowly and to a lesser extent than
a liver with healthy parenchyma. • Regeneration appears
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to depend on (1.) regeneration-stimulating factors in the
portal blood after resection (e.g. endotoxin) and (2.) the
quantity (and quality or special characteristics?) of the
portal blood flow. • Regulatory factors of growth can
be divided into: (1.) mitogens (which stimulate synthesis
of DNA and mitosis of hepatocytes), such as EGF,
TGFα, HGF and FGF; (2.) inhibitors, such as TGFβ,
HPI and some interleukins; (3.) co-mitogens (which
enhance the effect of mitogens and reduce the effect of
inhibitors), such as insulin and glucagon (“goodies of
the liver”), TNFα, IL 1, IL 6 and hormones. The geneti-
cally steered interplay of numerous factors in separate
phases of development leads to a closely controlled
regeneration process. What is important for the result is
the relationship between liver mass and body mass. (322,
338, 341) (s. p. 402!) • Regeneration did not occur in a
portacaval end-to-side shunt under experimental condi-
tions. Liver cirrhosis induced in animal experiments
proved to have regenerative capacity, an observation
which was confirmed by clinical findings. It is assumed
that in resection-related regeneration, “other” mecha-
nisms (apart from age) are set in motion than in cirrho-
sis-related regenerative processes. (342) The type and
extent of the cirrhosis also seem to be important factors
with regard to resection-stimulated regeneration in
residual cirrhosis.

Complete regeneration of the right liver lobe occurred
in two women following right lobectomy; surprisingly,
the regenerated right lobe showed exactly the same
external shape as the original one. (428, 448) This led
to the well-founded assumption that there is both (1.)
resection-stimulated hyperplasia of the remaining liver
and (2.) regeneration of its resected part. The causes of
these two developments are still unclear, as is the vary-
ing capacity of a cirrhotic liver to regenerate. Several
different methods of elucidating the regenerative pro-
cesses have been suggested. (322) (s. pp 5!, 402)

6.4 Liver injuries

Liver injuries, particularly caused by weapons and
accidents, have been known ever since the dawn of
mankind. There are numerous reports dating from
antiquity and later centuries of liver injuries and sur-
gical attempts to heal them. • About 1600, F. Hildanus

reported an excision of a prolapsed part of the liver
after trauma � the patient survived. In 1716 G. Berta

succeeded in treating a prolapsed and severely injured
liver in a madman who had cut open his belly with a
knife. • Laparotomy has been used since 1886 to
manage liver injuries; mortality rates were 60% (L.
Edler, 1887), 81% (F. Terrier, 1896) and 44% (B.T. Til-

tun, 1905).

The following classification is used to assess liver injury
(H. Bockhorn et al., 1982):
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Type Ia: Superficial parenchymal lesions
Ib: Deep liver ruptures
Ic: Visible parenchymal destruction, with or without

bile-duct injury
Type II: Additional injuries of the porta hepatis (bile ducts,

portal vein, hepatic artery)
Type III: Injuries of the portal vein hilum
Type IV: Liver injuries combined with lesions of the vena cava

Whereas penetrating injuries are less common today, the
number of blunt injuries has increased, frequently
accompanied by liver rupture. A liver injury is involved
in up to 40% of patients with blunt abdominal trauma.
Conservative treatment is recommended as far as pos-
sible in order to avoid unnecessary laparotomy. (353) The
overall mortality rates were 11.8% and 16.8%, respec-
tively. (345, 347) In many cases, the urgency of the situa-
tion does not allow the requisite examinations (e.g. US,
CT (350, 352), angiography, laparoscopy) to be made �
an emergency operation has to be performed. Such an
operation must even be done under shock if the patient
does not respond directly to conservative methods.

The surgical treatment chosen depends on the type of
injury, but also on the patient’s condition at the time.
Some 40�65% of all deaths are due to exsanguination,
while 35�60% are caused by postoperative organ fail-
ure. Intra-abdominal formation of abscesses is deemed
to be the most common complication. (344, 349) Based
on the findings available, the following surgical methods
are used: (1.) drainage, (2.) superficial suture with drain-
age, (3.) haemostasis by means of transcatheter arterial
embolization (346, 348), fibrin glue, infrared coagulator
or electrocoagulation, (4.) anastomosis techniques (e. g.
intracaval shunt), (5.) hepatorrhaphy, (6.) resection tech-
niques (e. g. debridement, segmentectomy), etc. (343, 344,
349, 351) An overall mortality rate of 10.5% was reported
in 1,000 consecutive liver injuries.

7 Liver transplantation

The first liver transplantation was carried out on a
dog by C. S. Welch et al. in 1955. (425) • After a five-
year period of experimental preparations, T.E. Starzl

et al. were able to carry out the first orthotopic liver
transplantation for extrahepatic biliary atresia on a
3-year-old boy in Denver (USA) on 1st March 1963;
however, the boy bled to death during the operation.
Another four transplant recipients lived 6�23 days.
(414) • In 1968 R.Y. Calne et al. began carrying out
liver transplantations in Cambridge (England). In
Germany, A. Gütgemann et al. started performing liver
transplantations in 1968, followed by R. Pichlmayr et
al. in 1979. While surgical techniques were constantly
undergoing improvement, the problem of organ rejec-
tion could not be solved by the substances used at
that time (cyclophosphamide, antilymphocytic globu-
lin, azathioprine).
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It was not until the introduction of cyclosporine A (R.Y.
Calne et al., 1979) and the combination of cyclosporine A
� prednisolone (T. E. Starzl et al., 1980) that the ultimate
breakthrough was achieved. In 1983, liver transplanta-
tion was recognized as an important option for patients
in the final stage of chronic liver disease. • By 1993, a
total of 26,500 liver transplantations were reported to
have been carried out worldwide (R. Belle et al., 1993).
Under the auspices of Eurotransplant, more than
21,000 liver transplantations had been performed by the
end of 1995. Due to the rapidly rising number of centres
(about 300 worldwide), the total number of liver trans-
plantations was thought to have reached about 80,000
worldwide by the end of 2000. • In Germany, the number
of liver transplantations rose from 502 in 1992 to 779 in
2004. • The 1-, 5- and 10-year survival rates amount
to > 90%, > 80% and > 75%, respectively. However, the
demand for liver transplantation (LT) is far greater than
the supply of donor organs. This lack has practical con-
sequences: (1.) on the indication for LT, (2.) on the
development of more sophisticated liver-support devices
for bridging a life-threatening situation and for avoiding
LT should the diseased liver meanwhile become restored
(s. p. 384), (3.) on the search for alternative transplanta-
tion techniques (e. g. split-liver, APOLT, LDLT) for opti-
mizing the use of cadaveric livers, and (4.) on the
mortality rate among those patients who are waiting for
a suitable organ. • The waiting period currently lies
between 6�12 or even 12�18 months.

Potential indications for liver transplantation are
given in almost any kind of life-threatening liver dis-
ease (1.) which has taken a progressive and irrevers-
ible course or (2.) in which a period of time has to
be bridged between the patient’s irresponsiveness to
treatment and the probable reversibility of the dis-
eased liver. The motivation and compliance of the
patient are prerequisites for LT.

7.1 Indications

If the indication for LT is given, the case should be reg-
istered with a liver transplantation centre. The patient is
then checked regarding the indication, and all contrain-
dications should be excluded. Subsequent to phase-1
and phase-2 evaluation, the patient is added to the wait-
ing list. Principally, only those patients will be selected
for LT (1.) who have a realistic chance of surviving the
perioperative phase and (2.) whose chances of survival
are considerably better following LT. Children of < 1
year can also be successfully transplanted. (359, 375, 418)
The spectrum of indications for liver transplantation has
widened enormously due to more sophisticated presur-
gical diagnosis, more exact evaluation of risk factors,
better management of intraoperative techniques and
supplementary measures, improvement in immunosup-
pressive agents and more qualified aftercare. The indic-
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ations may be grouped into eight main categories, subdi-
vided into frequent and rare. In addition, differentiation
is made between safe, possible and limited indications
for liver transplantation. (s. tab. 40.14)

The indication for LT depends on (1.) type of liver disease and (2.)
stage of disease, i. e. at what point LT is carried out during the
course of disease. It should be noted that the preparations neces-
sary for LT should commence as from stage Child B. • Eurotrans-
plant assigns the status “high urgent” only to patients suffering
from acute liver failure or acute transplant failure following LT.
Patients suffering from acute deterioration of an existing liver dis-
ease are not included in this category. High urgent registrations
undergo meticulous examination by Eurotransplant. In such cases,
the waiting period is 6�30 hours. Important parameters regarding
an indication for LT in acute liver failure include: (1.) advancing
encephalopathy, (2.) atrophy of the liver (daily US!), (3.) develop-
ment of an ascites, (4.) decrease in the transaminases and Quick’s
value, and (5.) progressive renal insufficiency. In order to bridge
the time until a transplant is available, the use of a liver-support
device can be most helpful. (s. pp 384�386)

Three indication categories are differentiated according to the over-
all condition of the patient, respective liver function, the effects of
the liver disease on other organs, and existing risk factors:

(1.) Elective indication: The general condition is stable and the nu-
tritional state is still good or can be improved; liver function is
decreasing, but still sufficient; bilirubin is constantly rising; there
are as yet no severe extrahepatic complications (e.g. encephalo-
pathy, ascites, hepatorenal or hepatopulmonary syndrome).

(2.) Late indication: The general condition is poor and the nutri-
tional state is considerably reduced; liver function is severely com-
promised and shows increasing deterioration; there are complica-
tions and additional risk factors.

(3.) Emergency indication: Failure of vital functions; severe compli-
cations are observed (HE stages II�IV, kidney insufficiency, re-
spiratory insufficiency). • This situation may develop either (1.) as
the final phase of a long-standing, preexisting liver disease or in
abrupt manner, or (2.) as a high urgent indication in acute liver
failure (361, 362, 370, 408, 417) or acute liver transplant failure.

Time of indication: Determining the best time for LT is
very important, but it is also difficult. Although Child-
Pugh classification is used as a standard in liver cirrho-
sis, it has not proved to be a valuable tool regarding the
timing of LT. • Important criteria for determining the
best time of indication are: (1.) type of liver disease,
including its natural course and risks due to complica-
tions, (2.) subjective drop in performance of the patient,
and (3.) progressive deterioration of certain laboratory
parameters. In this context, a slow but steady decrease
in GPT and GOT to subnormal values points to severe
and irreparable loss of parenchyma. Deterioration of
endogenous functional values also suggests that the
final phase is imminent. This is likewise confirmed by
the fact that the results of exogenous function tests
worsen. Such tests are easy to carry out, do not entail
side effects, cause little inconvenience and are highly
reliable, particularly in combination. (s. tab. 40.15) The
ICG and the aminopyrine 14C breath test have proved
to be valuable transplant control measures. (369)

It is important not to miss the right moment for LT. A
long waiting period with conservative therapy generally
leads to an increase in intraoperative risks as well as a
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1. Cirrhosis 5. Hepatic tumours Haemophilia
Alcoholic cirrhosis Benign tumours Hypercholesterinaemia
Autoimmune hepatitis Cystic liver (383, 401) Hyperlipoproteinaemia II
Cryptogenic cirrhosis � echinococcosis (382) Niemann-Pick disease
HBV and HDV � focal nodular hyperplasia Oxalosis
HCV Sarcoidosis Porphyria

Reye’s disease
2. Cholestatic diseases Malignant tumours Sanfilippo’s syndrome

Alagille syndrome � selected biliary carcinomas Sickle cell anaemia
Bile-duct atresia � selected gall-bladder carcinomas Thalassaemia (β)
Bile-duct papillomatosis � selected hepatic carcinomas Tyrosinaemia (358)
Biliary cirrhosis after cholangitis � selected metastases Urea cycle defects
Biliary cirrhosis after PBC Wilson’s disease (419)6. Vascular diseasesBiliary cirrhosis after PSC Wolman’s diseaseBudd-Chiari syndromeCaroli’s disease (410)

Haemangiomatosis 8. Complications in cirrhosisCholangiodysplasia
Veno-occlusive disease Ascites unresponsive to treatmentCholestatic sarcoidosis

Hepatopulmonary syndromeGraft-versus-host disease 7. Metabolic diseases
Hepatorenal syndromeα1-antitrypsin deficiency3. Acute liver failure Recurrent varix bleedingAminoaciduriasAcute episode of a chronic liver disease Severe hypoalimentationAmyloidosisFatty liver of pregnancy Spontaneous bacterial peritonitisByler’s diseaseFulminant viral hepatitis (371)

Crigler-Najjar syndrome 9. RetransplantationHELLP syndrome
Familial cholestasis Acute rejectionIntoxications, poisoning (361)
Fructose intolerance Arterial thrombosisPostoperative, posttraumatic
Galactosaemia Chronic rejection

4. Mycosis Gaucher’s disease Initial dysfunction
Candidiasis Glycogenosis I, IV (413) Portal vein thrombosis
Coccidiodomycosis Haemochromatosis (402) Recidivism of the underlying disease

Tab. 40.14: Indications for liver transplantation: safe, putative and limited indications (as have been published) (with some references)

I. Liver disease
1. Type: primary hepatocellular

primary biliary
2. Natural course

II. Subjective deterioration in condition

III. Changes in laboratory values
1. Enzymatic activity

• GPT, GOT < 10 U/l
2. Endogenous function values

• Albumins < 3 g/dl
• Quick’s value < 40%
• Cholinesterase < 1,000 U/l
• Bilirubin > 5 mg/dl

3. Exogenous function values
• Indocyanine green > 5 min.
• Galactose elimination capacity < 5 mg
• MEGX
• Aminopyrine 14C

4. Biliary function
• Alkaline phosphatase > 1,500 U/l

Tab. 40.15: Important criteria in timing liver transplantation

decrease in postoperative survival time. Any complica-
tions further worsen the prognosis and put LT into the
“late indication” category. (354) • In addition to rising
bilirubin and AP values, the consequences of impaired
bile flow (e. g. undernourishment and malnutrition,
catabolism, osteoporosis, malabsorption, hypercholes-
terolaemia and pruritus) are prognostically relevant in
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primary biliary diseases � while liver function tests still
show good values in most cases.

Liver transplantation has the following aims: (1.)
improvement in life expectancy and (2.) improvement
in the quality of life.

7.2 Contraindications

As the management of liver transplantation has
improved, absolute and relative contraindications have
been established. Relative contraindications may ques-
tion the success of LT in some cases. Obesity leads to
an increased rate of postoperative complications, but it
does not influence the survival rate. (396, 403) (s. tab.
40.16) • Contraindications should also be considered in
urgent LT due to acute liver failure � possibly accom-
panied by necrotizing pancreatitis, septic shock and
problems with assisted respiration. • Visceral inversion
is not deemed to be a contraindication: a successful LT
was indeed carried out under such conditions by G.B.
Klintmalm et al. in 1993.

7.3 Preoperative diagnostics
Clinical examination prior to LT comprises: (1.) meticulous anam-
nesis including all previous findings, (2.) thorough internal
examination, (3.) psychosocial and psychiatric assessment, and (4.)
broad spectrum of laboratory parameters. The medical “work-up”
prior to LT takes about 10�12 days.
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Absolute contraindications
1. Severe cardiac disease
2. Severe pulmonary disease
3. Extrahepatic metastases
4. Malignant secondary disease
5. Florid sepsis
6. AIDS
7. Severe irreversible brain damage
8. Active alcohol or drug abuse
9. Anatomical or postoperative anomalies

10. Portal vein plus superior mesenteric vein thromboses
11. Severe osteopenia
12. Poor nutritional state

Relative contraindications
1. Portacaval shunts
2. Portal vein thrombosis (with open superior mesenteric vein)
3. Age >65�70 years (biological age is more important!)
4. Condition after complex hepatobiliary surgery
5. Chronic renal insufficiency
6. Muscular atrophy
7. Unstable personality structure
8. Unstable psychosocial environment
9. Obesity (> 100 kg BW)

10. Retransplantation

Tab. 40.16: Absolute and relative contraindications for liver trans-
plantation. (The relative contraindications should be determined
for each individual case)

Specific laboratory parameters comprise: (1.) blood group and
antibodies, (2.) HLA typing, (3.) hepatitis serology, including HCV
RNA (by PCR) and HBV DNA, (4.) serology, including HSV I
and II, EBV, CMV, HIV and varicella, (5.) coagulation status, (6.)
thyroid function, (7.) renal function, and (8.) immunology, includ-
ing ANA, AMA, SMA, anti-LKM and anti-SLA.

Technical examinations comprise: (1.) thoracic X-ray, (2.) ECG,
(3.) echocardiography, (4.) pulmonary function, (5.) gastroscopy,
(6.) EEG, (7.) US and colour-encoded duplex sonography of the
abdomen, (8.) radiology (including CT and angiography of the
coeliac trunk) and right renal arteriography (to exclude high right
kidney) as well as MRI cholangiography. With regard to post-
operative osteoporosis, bone densitometry is recommended prior
to LT. (367)

This extensive programme is, on the one hand, essential for preop-
erative diagnostics and the documentation of initial findings, while
on the other hand, postoperative changes in the findings can be
evaluated more easily. • The indication for LT is determined by an
interdisciplinary team. If possible, both assessment and registra-
tion of cirrhosis patients should be carried out during Child B as
soon as progressive deterioration is observed. • When preoperative
diagnostics have been completed, patients grouped in the elective
category may spend the waiting period at home. However, even
if the findings are constant, there is always a risk of acute and
unforeseeable complications.

Previous shunt operations and TIPS need to be removed in order
to guarantee that the transplanted liver is sufficiently supplied with
portovenous blood. In these cases, the portal system is checked
preoperatively for thromboses by means of colour-encoded duplex
sonography and X-ray techniques. In any case, the confluence of
superior mesenteric vein and splenic vein must be free. (391) • The
main advantage of portacaval end-to-side anastomosis is its low
thrombosis rate of < 5%; in addition, there is no need for a distal
shunt ligature. In shunts distal to the hilus (mesocaval, distal splen-
orenal), no preparation of the liver hilus is required; however, in
10% of cases, these shunts show portal vein thrombosis (in TIPS,
up to 15%). • Usually, all surgical shunts are disconnected or
ligated before the liver transplantation is completed in order to
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avoid a steal effect. • Although portal vein thrombosis, previous
operations in the liver hilus and portosystemic shunt surgery are
(sometimes considerable) obstacles to liver transplantation, they
are not regarded as contraindications. When there is isolated or
partial portal vein thrombosis, a connection to the portal vein can
often be restored by thrombectomy or bypass techniques; the sur-
vival rate is similar to that in patients with a primary open portal
vein. Nevertheless, the conditions for a successful LT are more
favourable if there is no portal vein thrombosis and the liver hilus
does not require special preparatory measures.

7.4 Preparation of patients

(1.) During the waiting period, it is important to main-
tain or even improve the patient’s nutritional status. Pro-
tein tolerance can be monitored by using simple psycho-
metric tests. A protein intake of 1.0�1.5 g/kg BW/day
would be ideal. Supplementation by branched-chain
amino acids may be helpful. The calorie supply has to be
adjusted to the optimal requirement of the patient. (s.
pp 741, 850, 861)

(2.) The daily food intake should be spread over five
meals. However, it is almost impossible to achieve an
optimum supply of water-soluble and fat-soluble vita-
mins. Administration of multivitamin preparations is
therefore recommended. Sodium chloride intake should
not exceed 7�8 g/day. (s. pp 278, 730, 734, 741)

(3.) Depending on the patient’s condition, regular
muscle training should be carried out daily if possible in
order to improve anabolism as well as urea and glut-
amine metabolism in the muscles. (s. pp 650, 732)

(4.) The administration of lactulose over an extended
period of time (dosage aim � 2�3 stools per day) is
recommended. (858) • It is advisable to use a combina-
tion with metronidazole or with non-absorbable antibiot-
ics (e. g. paramomycine) preoperatively in order to sup-
press the gram-negative intestinal flora and thus also
the formation of endotoxins. If necessary, antimycotics
may be administered in addition.

(5.) Latent encephalopathy, detectable by psychometric
tests (s. p. 202), is frequent; experience has shown that
it can rapidly become manifest. Of the urea-cycle amino
acids suitable for therapy, ornithine aspartate has proved
the most successful � also as an i.v. infusion in the post-
operative phase. (s. pp 279, 733)

(6.) The relevant literature also recommends vaccination
against pneumococcus and influenza as well as hepatitis
B (unless there is already immunity).

7.5 Surgical aspects
Compatibility of blood groups

Interestingly, compatibility within the blood group system has
proved to be the decisive factor in liver transplantation to date. •
Although the HLA system is usually determined (for retrospective
evaluation), it is of minor importance according to present know-
ledge. This is also true of so-called “cross-matching” between
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patient serum and donor lymphocytes. No other compatibilities
between recipient and donor (apart from body weight, height and
thorax size) are known to be required.

Quality of a donor liver

The quality of the donor liver is of crucial importance for successful
LT. First of all, careful and proper organ retrieval by a qualified
team is an important prerequisite. Most centres now have such a
designated multi-organ retrieval team. • Any information pertaining
to the donor (e.g. clinical results, anamnesis, laboratory values,
current medication, further findings) is listed in the donor protocol.
Of equal importance in the evaluation of a donor liver are the
circumstances leading to the donor’s death (cause of death, inten-
sive care measures, etc.). • Using more suitable preservation solu-
tions (Ringer’s lactate, University of Wisconsin solution), the con-
servation time of donor livers could be prolonged to 15�20 hours.
Great emphasis is being placed on achieving further improvements
in this area. • During removal by the surgeon, the donor liver is
assessed macroscopically and by palpation. This requires consider-
able experience, particularly since no other criteria for assessing
the quality of the donor organ are available. (424) The transplant
should be almost identical to the recipient’s organ in terms of size,
weight and vascular diameter (portal vein, superior/inferior vena
cava). • The use of size-reduced transplants is being further devel-
oped as a possible method for the future.

Types of transplantation

Normally, orthotopic liver transplantation (OLT) is used;
in this technique, the donor liver is implanted at the
site where the recipient’s organ has been removed. The
average survival rate is > 90% after 1 year and > 80%
after 5 years. (s. p. 387)

A modified procedure, so-called orthotopic segment liver
transplantation (OSLT), has proved successful (H. Bis-

muth et al., 1984); this involves implanting parts of an
adult liver, i. e. segments II and III or I�IV depending
on the size of the recipient’s organ, into a young recipi-
ent (“reduced size”).

In split liver transplantation (SLT) (R. Pichlmayr et al.,
1989), it is possible to transplant segments V�VIII, which
are left over in OSLT, into an adult. (400) This means that
two recipients can be supplied with one donor organ. The
surgical splitting of the donor liver subjects the organ to
considerable stress, and therefore its quality has to meet
particularly high standards. (366, 426)

In living donation (LDLT) (R. W. Strong et al., 1990), seg-
ments II and III are taken from a parent and trans-
planted into the child. (416) The surgical risk for the
living donor, which was quite high at the beginning, has
been reduced considerably in the meantime to about
0.24%. The survival chance of the recipient is 27�92%.
To date, more than 3000 transplantations of this kind
have been carried out worldwide. The technique has
now been generally established for children. About 5%
of all LT patients are also suitable for an LDLT. There-
fore, the possibility of such an LDLT should be dis-
cussed in all those cases where the waiting time for a
regular LT would prove to be a problem. More than
75% of the donors are free from complications. In
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LDLT involving adults, the volume of the donor organ
should be equivalent to approx. 1% of the body weight
of the recipient. The respective size of the transplant,
which is usually taken from the right lobe, is determined
by means of CT volumetry. • After LDLT, bile leaks
(7�10%) and biliary strictures (16�20%) frequently
appear. In such suspected complications, ERC is recom-
mended. (364, 376, 383, 392, 395, 411)

In heterotopic liver transplantation (HLT), the donor
liver is transplanted as an auxiliary (additional) organ
into the right upper abdomen, but the recipient retains
the diseased liver (K. Absolon et al., 1965; J.G. Fortner et
al., 1970). This technique is not easy to carry out in terms
of surgical requirements; it involves the so-called piggy-
back method and is used particularly for young patients
suffering from acute liver failure. (s. p. 387)

Auxiliary partial orthotopic liver transplantation
(APOLT) was introduced by G. Gubernatis et al. in 1991.
In this procedure, segments II and III of the diseased
liver are removed, while segments II�IV (or sometimes
only segments II and III) of the donor organ are trans-
planted. The bile duct is reconstructed as a biliodiges-
tive anastomosis. Full reversibility of the existing liver
disease is a precondition for the surgical concept of
APOLT. (408, 417) (s. p. 387)

The importance of an adequate supply of zinc is now
accepted. In most cases, however, there is already a defi-
ciency of this important trace element (unless previous
medication has remedied the situation). Due to the scale
of the operation, there is a considerable loss of zinc,
which usually cannot be balanced even by intravenous
substitution. Experience has shown that pronounced
and extremely detrimental zincuria may be kept in check
by i.v. application of potassium canrenoate. (s. p. 787!)

Venous bypass: Insertion of a combined venovenous and portoven-
ous bypass reduces the negative effects of the anhepatic operative
phase (lasting 30�120 minutes) by interrupting the blood flow in
the portal vein and inferior vena cava. This measure allows greater
haemodynamic stability during the anhepatic phase.

Biliary anastomosis: Reconstruction of the biliary flow is achieved
by side-to-side anastomosis of the two choledochal stumps or,
when primary bile-duct disease is present in the recipient, by anas-
tomosis using a jejunum sling in the Roux-en-Y technique.

Duration of the operation: The duration of the operation varies
greatly owing to the widely differing conditions during surgery. On
average, it takes 5�10 hours. • The blood loss also differs consider-
ably: 6�15 units of blood are normally substituted, but this quan-
tity may be much higher in some cases. The number of units of
blood can be reduced by administering aprotinin, which inhibits
fibrinolysis after reperfusion.

7.6 Postoperative features

The postoperative phase is characterized by three im-
portant objectives: (1.) monitoring the functional condi-
tion of the transplanted liver, (2.) adjustment of immu-
nosuppression, and (3.) early detection and treatment
of complications.
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Early postoperative phase: Extubation is carried out as
soon as possible with subsequent regular breathing exer-
cises and optimal infusion therapy. This takes into
account all problems arising from such extensive sur-
gery, e. g. lactate-free volume replacement, stability of
circulation and coagulation, pain therapy, electrolytes,
zinc, vitamins, acid-base balance, energy carriers. Loss
of protein is substituted by fresh-frozen plasma and
albumin. The onset of bile production and a decrease
in lactate values are initial signs that the transplant is
functioning well. In addition, factor V and thrombo-
plastin time generally increase. Occasionally, ascites can
occur. (365) From 7th day, the transaminases fall steadily.
Antibiotic prophylaxis, which began during surgery, is
usually discontinued on 2nd or 3rd day. Oral and bodily
hygiene as well as monitoring of infection are also part
of the intensive-care programme. Special surveillance
protocols have been carefully designed for this purpose.

Immunosuppression

Both the induction and adjustment of immunosuppres-
sion also follow established protocols, which can, how-
ever, be executed in various ways. In the meantime, new
immunosuppressants are in use (tacrolimus, sirolimus,
mycophenolate mofetile, brequinar, leflunomide, etc.).
Cyclosporine and tacrolimus include a calcineurine
inhibitor. Initially, the patients receive triple therapy:
tacrolimus (or cyclosporine) � prednisolone � myco-
phenolate, occasionally with interleukin-2 receptor
antagonist (e. g. basiliximab, diclizumab). • After 3
months, the patient is given dual therapy, generally with
tacrolimus (or cyclosporine) � prednisolone or with
tacrolimus � mycophenolate; after a further 6 months,
the patient is put on monotherapy with tacrolimus (or
cyclosporine). During dual therapy, the dosage of
prednisolone is reduced slowly until the drug is ulti-
mately discontinued (except in cases with AIH as an
underlying disease). (405) • In patients with HCC, immu-
nosuppression based on rapamycin appears to be more
efficacious, since it appears to have an antitumourigenic
effect. • The monitoring of tacrolimus (or cyclosporine)
is carried out at regular intervals using the respective
values in the blood. • Long-term follow-up is performed
by the family doctor or internal specialist and, at certain
intervals, by the outpatient department of the transplan-
tation centre. (372) • The toxicity of immunosuppressive
agents is the main cause of complications (e.g. hyperten-
sion, kidney damage and even kidney failure, severe
headaches, altered blood values, nervousness, trembling,
peripheral paraesthesia, increase in liver enzymes). Such
toxicity-related complications may also be due to
interactions between cyclosporine and other drugs. Dif-
ferential diagnosis of transplant rejection may prove
difficult.

Tolerance: Donor cells have sometimes been detected in
the blood of liver transplant recipients. This chimerism
may influence the immune system of the host with
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development of tolerance to donor tissue. (406, 423) That
would mean that a donor liver might, in some cases, be
spontaneously accepted. As a result, it is possible to
stop the administration of immunosuppressants. • Usu-
ally, after 5-year survival of a primary graft, one third
of all patients are able to cease immunotherapy.

Complications

Major complications following LT include: (1.) non-
function of primary graft (1st�2nd day), (2.) infection
(3rd�14th day, and longer), and (3.) rejection (5th�10th

day). The clinical features of these complications are
similar:

liver � large, firm, tender on pressure
fever
leucocytosis
jaundice

Such findings require immediate and extensive examin-
ation: US, Doppler sonography, CT, HIDA scintigraphy
and cholangiography. • Further complications are (1.)
afterbleeding (10�15%), (2.) portal vein thrombosis (up
to 2.2%) or hepatic vein occlusion, (3.) hepatic artery
thrombosis or stenosis, (4.) pleural effusion, and (5.)
subcapsular necrosis (due to the disproportionate size of
donor and recipient liver). Stenosing of the suprahepatic
vena cava is a particularly dangerous condition, which
can lead to ALF. • The most frequent complication
affects the biliary system in the form of leaks or stric-
tures (up to 50% of cases). They can be diagnosed with
the help of T-drain radiology or ERC. (389)

Infection

One of the major problems following LT and immuno-
suppression are infections. During the early postopera-
tive phase, the danger of bacterial or fungal infection is
particularly great due to high-dosage immunosuppres-
sion and intensive medical care at a time when the
patient’s physical condition is considerably impaired.
Monitoring of infection, accompanied by optimal
hygiene and prophylactic measures, is required as well
as (possibly) immediate treatment with antibiotics. In
order to avoid translocation of gram-negative micro-
organisms, decontamination of the intestinal tract,
already initiated in the preoperative phase, is often con-
tinued; in addition, the use of an antimycotic agent is
recommended (e. g. against candidiasis or coccidi-
oidomycosis). (377, 380, 404, 421) • Viral infections are
most frequent 2�4 months after LT. A particular dan-
ger, both in adults and children, may come from new
infection with or reactivation of CMV (412, 422), EBV,
herpes-6 virus, varicella-zoster or Listeria monocyto-
genes. (386) CMV infection is associated with a higher
rate of rejection. Early diagnosis (by PCR) and early
treatment (e. g. intravenous ganciclovir) are required. Of
the various viral infections, especially condylomas
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caused by papilloma viruses are to be feared in the long
term, since a high percentage of them can develop into
squamous-cell carcinoma. A new form of treatment
with imiquimod may prove to be effective.

Transplant rejection

Hyperacute form: Transplant rejection may occur as an
antibody-related complication within a short period of
time after LT. This rare event is caused by donor anti-
gens coming into contact with preformed antibodies in
the recipient, which results in damage to the endothelial
cells of the arteries with vascular occlusion. The out-
come is necrosis of the transplant.

Acute form: This condition appears within the first 1�3
postoperative weeks. Some 40�60% of patients have
one or even several rejection reactions of varying inten-
sity, accompanied by discomfort, fever, exhaustion and,
occasionally, mild jaundice. Early diagnosis is only pos-
sible by detecting an increase in liver enzymes, particu-
larly GDH; the diagnosis is confirmed histologically.
Percutaneous biopsy should be carried out with antibi-
otic protection. (385) Histology reveals the presence of
large lymphocytes, plasma cells, macrophages and gran-
ulocytes in the portal fields in this type of cellular reac-
tion. The interlobular bile ducts are damaged, and there
is subsequent cholestasis. It is possible to observe adher-
ence of lymphocytes to the venous and arterial endothe-
lium, resulting in subendothelial inflammation (� endo-
thelialitis). (s. fig. 40.5) • Therapy is based on pred-
nisolone (500 mg i.v. for 3 days). In cases showing no
reaction, the dosage of tacrolimus should be increased,
and, occasionally, mycophenolate (2 x 1g/day) or rapa-
mycin can be added. In non-responders, therapy with
OKT3 is recommended (after histology has shown per-
sistent rejection). Thus, an acute rejection does not pose
a risk for long-term prognosis. In most cases, drug ther-
apy is successful and without morphological residues.
(357) • Retransplantation is seldom necessary.

Fig. 40.5: Acute rejection: portal / periportal inflammation and
portovenous endothelialitis (�) (HE)

Chronic form: This condition is no longer observed very
often (< 5%). It usually sets in 1�9 months after LT and
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Fig. 40.6: Chronic rejection: stenosing foamy cell arteriopathy

is characterized by progressive cholestasis. This form
may develop after repeated acute attacks or develop
insidiously from the beginning. There is a ductopenic
reaction, whereby the interlobular bile ducts are
infiltrated and destroyed by mononuclear cells; ulti-
mately, the bile ducts disappear. Duct loss can be calcu-
lated from the ratio of the number of hepatic arteries to
the number of bile ducts within a portal field (normal �
> 0.7), whereby 20 portal fields should be examined. At
the same time, obliterating arteritis develops, with fibri-
noid wall necrosis and deposition of foam cells within
the intima. (393) The result is portal and periportal
fibrosis. (s. fig. 40.6) Differential diagnosis is difficult
and may require repeated biopsies. Chronic rejection
can be graded histologically in a mild, moderate or
severe form. Therapy with tacrolimus halted progression
in some cases. Tacrolimus and mycophenolate may gen-
erally bring about a reduction in the chronic rejection
response. Should the treatment fail, the only alternative
is retransplantation. In this case, an elective indication
for retransplantation is given, since liver functions
remain intact for a relatively long time. • In acute and
chronic rejection accompanied by an increase in alkaline
phosphatase, ursodeoxycholic acid should be used as
supportive therapy. • With regard to unclarified compli-
cative situations, it is essential to determine the level of
immunosuppressants in the blood (underdosage? toxic-
ity?). Subsequently, US and colour-encoded duplex
sonography as well as CT or MRI are indicated. Radio-
logy-dependent interventions may be required.

Retransplantation is required in 5�10% of patients. The
main indications are primary graft failure, hepatic arte-
rial thrombosis and chronic rejection. • Results of re-
transplantation are not so satisfactory as with the first
LT: the survival rate is shorter and mortality (usually
due to sepsis) is mostly within 6 months. Nevertheless,
the prognosis is improving steadily. (407)

Relapse of the underlying disease
Some 25% of hepatocellular and up to 70% of cholan-
giocellular carcinomas are subject to relapse within 12
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months. Tumour relapse is caused by the presence of
undetected extrahepatic metastases, which find their
way back into the transplanted liver, and on the sup-
pressed state of the immune system. According to some
observations, the probability of relapse depends on the
stage of the primary tumour. For this reason, only
(selected) early tumour stages are a possible indication
for LT. • Reinfection of the transplant occurs in
80�100% of cases due to hepatitis B from extrahepatic
reservoirs, most likely in the early postoperative (low-
defence) stage. Of these cases, about 15% follow a ful-
minant course, about 15% show persistent hepatitis, 5%
reach chronic carrier stage, and 20�25% develop fibros-
ing cholestatic hepatitis with a high rate of viral replica-
tion and an unfavourable course. (360) In some patients
with severe reinfection, cirrhosis can develop within a
few years. HDV infection may lead to a similar outcome.
With such a negative outlook, it is important to con-
sider every possibility of avoiding reinfection. The pro-
phylaxis is based on HBIG (10,000 IU intraoperatively
and then daily) � lamivudine until HBsAg has disap-
peared from the serum. In this way, the risk of reinfec-
tion can be reduced to 10�20%. (s. p. 709) Should rein-
fection nevertheless occur (renewed evidence of
HBsAg), new nucleoside analogues (e. g. adefovir, entec-
avir, tenofir) are available under certain conditions. (355)
• In hepatitis C, the transplant is reinfected in 90�100%
of cases, although only about half the patients display
HCV antibodies when immunosuppressives are admin-
istered. HCV replication occurs already in the first week
after LT. The infection follows a mild course both in
terms of clinical findings and morphology; fulminant
or cholestatic courses are rare. In 10�30% of patients,
chronic hepatitis, or even cirrhosis, appears. Neverthe-
less, in view of the great effort involved in performing
an LT, the use of peg IFNα with ribavirin, and occa-
sionally in combination with amantadine, must be con-
sidered. (s. p. 708) (363, 373, 377, 390, 397, 407, 409, 422) •
HGV infection (generally a result of numerous blood
transfusions!) is of no clinical significance. (378) • Alco-
holic liver disease is followed by relapse within 2 years
in about 20% of cases. (368, 399, 415) • Relapses have been
observed following primary biliary cholangitis (384, 420)
or primary sclerosing cholangitis (< 5%) (374, 381, 387),
autoimmune hepatitis (despite immunosuppression in
10�30%) (356, 392) subsequent to BCS (without antico-
agulant in 100%), or non-alcoholic steatohepatitis. (394)

7.7 Aftercare and rehabilitation

LT patients require 7�10 days in an intensive care unit
and about 3 weeks in a normal ward of the hospital.
The patient is usually fully rehabilitated after 6 months.
Subsequent to inpatient treatment, follow-up therapy is
carried out at a rehabilitation clinic which is specialized
in hepatology. Generally, this stationary rehabilitation
phase lasts 4�6 weeks and includes various tasks and
objectives. (s. tab. 40.17)
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1. Step-by-step reorientation of the individual pa-
tient from the clinical atmosphere to the more
“normal” daily routine in a rehabilitation centre.
Medical follow-ups, including monitoring of the
immunosuppressive adjustment.

2. Gradual social and cultural reintegration within
the rehabilitation community.

3. Detailed information for the patient regarding
personal hygiene, nutrition, lifestyle, significance
of aftercare, recognizing complaints or abnormal-
ities, etc.

4. Improvement in the patient’s nutritional state.
5. General physiotherapeutic measures; targeted

training of the muscle groups atrophied to a vary-
ing extent in the individual patient.

6. Psychotherapeutic support (particularly in how to
handle the fear of complications), opportunities
for psychosocial care, discussion of questions re-
lating to the patient’s occupation, etc.

Tab. 40.17: Tasks and objectives of aftercare and rehabilitation in
specialized clinics

Risk of infection: Patients are subject to a high risk of
infection at public events, when using public transport,
and particularly during waves of influenza. Interdigital
mycosis also presents an infection risk. A further prob-
lem can derive from indoor plants (beware of fungal
spores in potting compost!). Domestic animals similarly
constitute a risk factor; it is of particular importance
that no new pets should be introduced. Towels and bed
linen must be changed regularly. Shower water, which is
usually heated to 60 °C in the boiler, should be run for
an extended period 2�3 times a week in order to pre-
vent legionellosis. Vaccinations with live vaccines should
be avoided. Intake of tap water and non-pasteurized
milk is forbidden as these liquids have a high bacteria
count. Lettuce and vegetables need to be washed several
times and with particular care. Fruit that is difficult to
clean (raspberries, etc.) should not be eaten; preference
is to be given to fruit which can be peeled. Raw steak
tartare must not be consumed. • These numerous re-
commendations and warnings are not designed to create
hysteria, but to help minimize the risk of infection at a
realistic and, for the patient, comprehensible level.

Nutrition: The patient’s diet should comply with the
basic principles of physiological nutrition. It is recom-
mended to take three main and two minor meals per
day. Foodstuffs causing flatulence and containing
poorly digestible fats (e. g. lard) should be avoided. It is
important to consider the influence of glucocorticoids
on appetite as well as their metabolic side effects (e. g.
restriction of sodium chloride, loss of potassium).

Medical aftercare: This comprises adjusting and moni-
toring immunosuppressants, providing the patient with
all necessary information as well as recognizing and
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controlling side effects. • Occasionally, pleural effusion
has to be monitored and, if necessary, aspirated. Ascites,
often evident as a local accumulation of fluid in the
abdomen, may still be present. • Sometimes, wound care,
treatment of postoperative wound complications or
removal of a T-drainage, generally after 6 weeks, may
still be required. • The renal function needs to be moni-
tored carefully, even if there is no obvious progressive
renal damage. • The vascular system (portal vein, infe-
rior vena cava, hepatic artery) has to be checked by col-
our-encoded duplex sonography for the occurrence of
thromboses, stenoses or aneurysms. Bile leakage or ste-
noses may appear in the bile ducts. • In 60�80% of
patients, hypertension can be anticipated due to treat-
ment with cyclosporin. In 20�30% of cases (more often
with tacrolimus than with cyclosporine), diabetes melli-
tus or hypercholesterolaemia develops.

If this wide spectrum of sophisticated rehabilitation
measures is carried out with great care � and with
success � fewer problems will arise in the aftercare
of outpatients when they return to their normal daily
routine. The length of stay at a specialized clinic
should be tailored to the patient’s individual needs;
on average, this lasts 4�6 weeks. In view of the high
costs involved in LT and the great inconvenience to
which the patient is subjected, the rehabilitation
phase assumes an essential role; follow-up therapy is
thus both necessary and recommended for achieving
long-term survival and improved quality of life with
reintegration into the work process.

Inpatient monitoring is succeeded by outpatient control
protocols. The check-ups are carried out by the family
doctor or internist in close cooperation with the trans-
plantation centre. • The 1-year survival rate after liver
transplantation is generally 80�95%. The 5-year sur-
vival rate varies depending on the underlying disease,
e. g. 70�80% in cirrhotic patients, 45�50% in acute liver
failure, and 35% in malignancies. (379, 388) About two-
thirds of the patients begin working again despite a long
phase of being unable to work due to chronic liver dis-
ease. Most liver transplant recipients are very satisfied
with their newly acquired quality of life. (398, 399)

8 Sociomedical aspects

Health awareness on the part of the individual as well
as preventive and rehabilitative medicine in general are
exerting more and more influence on developments in
the medical world � and thus also on hepatology. These
changes in medical practice are an inevitable and char-
acteristic feature of a modern society. • Consequently,
physicians will need to devote more attention to “pre-
vention” in the healthy person in order to keep the cura-
tive phase of any illness as short as possible. And to
an increasing degree, they will also have to undertake
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“rehabilitation” of the patient in order to reduce to a
tolerable minimum any periods in which the individual
is unable to perform efficiently and is also unfit for
work. (s. fig. 40.7)

Fig. 40.7: Combination of prevention and rehabilitation in health
awareness

8.1 Health awareness

� This term subsumes all factors which reduce potential
damage to health. These include protective measures
promoted by the state, various authorized institutions
and associations as well as by industry, science and the
medical professions. Above all, however, every individ-
ual should assume personal responsibility for main-
taining his or her state of health through appropriate
behaviour. • The media must also accept a vital role in
this context!

Health awareness with regard to hepatology

• Healthy diet and normal body weight
• Hygiene concerning drinking water and food
• Physical/muscular fitness
• No alcohol abuse

No medication abuse
No drugs

• Avoidance of occupation-related damage
• Prevention of infections by observance of basic

hygiene

8.2 Preventive medicine

These are health measures which are carried out by
individuals of their own accord, sponsored by the state,
accepted by medical insurance companies and organiza-
tionally feasible; they enable the monitoring and preser-
vation of health as well as the early recognition of dis-
eases.
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Prevention with regard to hepatology

• Prophylactic vaccinations
• Safe blood transfusions

Safe blood products
• Prevention of infections

(antibacterial and antiparasitic measures)
• Occupation-related measures
• Regular medical check-ups

8.3 Rehabilitation

Rehabilitation is designed to reintegrate people with
physical or mental impairment into both their profes-
sional and personal environment. It comprises aftercare
with a social component in the sense that society is
called upon to help, and thus it is a communal under-
taking. Rehabilitative measures should start as early as
possible during the curative phase. Once the disease has
consolidated and as soon as the prognosis offers a real-
istic perspective, the physician should address the ques-
tion of rehabilitation. The necessity for rehabilitation
depends on the severity of the symptoms and/or the
psychosocial problems involved.

Rehabilitation with regard to hepatology

• Adjustment to disease-dependent changes in life-
style
� special diets (e. g. low iron, low copper, MCT)
� administration of medication (e. g. interferon,

immunosuppressants, penicillamine, UDCA)
• Introduction of secondary prevention

� elimination of risk factors (alcohol abuse, over-
weight, faulty nutrition, etc.)

� vaccination prophylaxis
• Information about particular risks

� hepatic encephalopathy, water retention, vari-
ceal bleeding, side effects of medication, etc.

• Muscular/physical exercise
• Psychological guidance for liver transplantees
• Assessment of the individual’s remaining capacity

for everyday life
• Introduction of occupational rehabilitation meas-

ures

The indications for medical rehabilitation are subject to
strict legal stipulations. First of all, an expertise includ-
ing a detailed medical evaluation is required from a
physician. In rehabilitation centres specialized in hepa-
tology, all necessary interdisciplinary diagnostic and
therapeutic measures are applied. It is important that
the rehabilitee cooperates actively.

Measures necessary for occupational rehabilitation are
initiated at the same time. These include options for
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vocational retraining and additional qualifications,
redesigning the workplace to fit the needs of the handi-
capped person, reintegration into the work process, per-
sonal support, etc. Occupational rehabilitation also
depends on the rehabilitee being adequately motivated.
Furthermore, it is important to evaluate individual
vocational preferences and prospects of success. Job-
related psychological and aptitude tests together with
measures aimed at finding a suitable job must be carried
out before a final decision can be made.

Altogether, the measures and objectives of our time
do justice to the demands made by Ritter von Buss (a
specialist in constitutional law) who coined the term
rehabilitation in 1844 with the words:

“The diseased who can be cured shall be completely
rehabilitated, he shall rise again to the position from
which he has descended, he shall regain the feeling of
personal dignity and thus a new life.”

8.4 Capacity for work

A positive and negative profile of a patient’s capacity
for performing certain tasks should be compiled on the
basis of the respective disease phase. For the rehabilita-
tion process, it is important to assess the remaining
capacity of the individual in combination with any per-
sonal strengths. In addition, liver function and potential
health risks have to be considered. The medical evalu-
ation of the patient’s capacity for work forms the basis
for the respective sociolegal decision. It should be
noted, however, that the medical expertise and the legal
decision are independent of each other � such legal
terms as “incapacity for work” or “inability to practise
the learned profession” must be avoided in the medical
report. • A patient’s capacity for work also includes fit-
ness to drive a vehicle (e. g. in cases of encephalopathy)
or fitness for public service (e. g. in the educational or
judicial sector). In severe cases of advanced liver disease,
evaluation is not difficult. However, this is not so easy
in less severe cases (e. g. diffuse fibrosis, lack of compli-
cative developments) or low-grade to moderate inflam-
matory processes. Objectivation of the findings is only
possible by extensive diagnostic clarification of the func-
tion and morphology of the liver � as well as of other
affected organs.

The physician’s assessment of a patient’s capacity for
work takes into account the individual factors in a cer-
tain type of liver disease and thus forms the basis for
determining (1.) unfitness for work, (2.) inability to prac-
tise the learned profession and (3.) inability to earn
within the sociolegal framework of the country con-
cerned. This involves reviewing the overall situation in
a concrete manner, i. e. whether there is a workplace
available that is appropriate to the patient’s capacity for
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work. Pension allowances paid due to inability to prac-
tise the learned profession are generally lower than
those paid due to unfitness for work. Assessment of the
inability to earn does not depend on whether the person
has recently worked or on current job prospects. It
should be noted that clearly defined standards of assess-
ment are required under pension law. Concerning acci-
dent insurance, severe disability and social compensa-
tion, the principle of abstract damage assessment
applies. The inability to practise the learned profession
as well as the inability to earn must be permanent. All
indications for rehabilitation must be checked carefully
and with regard to the relevant conditions. Unfitness for
public service is a term generally used for civil servants,
but it also applies to soldiers and persons doing com-
munity work.

The hepatological diagnosis should be as accurate as
possible, so that the physician is able to assess the (posi-
tive and negative) capacity profile. In this connection,
the insured person is not obliged to tolerate invasive
examinations (e. g. laparoscopy, percutaneous liver
biopsy). However, the risk of underestimating the reduc-
tion in earning capacity can be detrimental for the in-
dividual. Moreover, the possibility of further deteriora-
tion of a disease is not included in an assessment; thus
a follow-up report may be required after a certain
period of time.

The original International Classification of Impairment,
Disability and Handicap (ICIDH) has been revised as
the International Classification of Functioning (ICF).
This new classification requires a precise description of
the disease-related impairments of the individual
patient. Subjective complaints should be considered
although they cannot, of course, be evaluated objec-
tively. Aggravations must be treated with caution.
Objective assessment can be based on enzymatic and
mesenchymal activity (s. tabs. 5.15; 5.22), serological or
immunological findings (s. tabs. 5.17; 5.20), and liver
function tests (s. tab. 5.14). Ultrasound, occasionally
colour-encoded Doppler sonography, or even CT give
an impression of the morphological structure of the
liver, especially in cases where patients refused to have
a biopsy. The assessment programe should also contain
psychometric tests. (s. pp 202�206) (s. fig. 5.2)

The term reduction in earning capacity is used in civil
law to assess claims payments. It denotes the difference
between the income earned before the accident hap-
pened and afterwards, i. e. the actual and proven pecuni-
ary loss is determined.

The term (severe) disability was defined by the World
Health Organisation (WHO) in 1980. It contains guide-
lines for protecting severely disabled persons by law. The
principle of abstract damage assessment applies when
determining the degree of disability. A small part of the
labour market should be kept open for severely dis-
abled persons.
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The above statements can only serve as general criteria
for the physician’s evaluation of patients suffering from
liver disease. More detailed information is usually avail-
able from the insurance provider. Thus it is desirable
that medical practitioners cooperate closely with socio-
medical specialists, so that it is possible to deal directly
with any application for compensation, disability pen-
sion, etc.

Although there are guidelines for evaluating the reduc-
tion in earning capacity (REC), the actual degree of dis-
ability (DOD) may be assessed differently depending on
the existing disease. In the individual case, the physician
may propose percentage values concerning the disability
which are higher or lower than the recommended rate.
• The assessment of chronic hepatitis B and C is of great
importance (H. Selmair et al., 1998), and it should be made
according to the aetiological-morphological nomen-
clature. (s. pp 693�695) (s. tab. 40.18)

Functional hyperbilirubinaemia 0�10%
Acute viral hepatitis 100%
Asymptomatic HBsAg carrier status 0%
Chronic active hepatitis
� low inflammatory activity 20�30%
� moderate inflammatory activity 30�40%
� severe inflammatory activity 50�>70%
� fibrosis (low � severe) 20�60%

Scarred liver without complications
(depending on the functional reduction) 20�40%

Cirrhosis, compensated
� inactive (stable) 40%
� moderately active 50%
� distinctly active 60�100%

with severe functional reduction 80�100%
with shunt surgery 60�100%

Cirrhosis, decompensated 80�100%

Fatty liver 0�10%
� with hepatitis (low � severe) 20�100%
Fatty cirrhosis 40�100%
Chronic cholangitis 20�100%
Liver transplantation 100%
(after consolidation lasting 2 years
with 100% DOD/REC, and later on
no less than 60%)
Liver lobe resection > 50%
Tumour resection 100%

Primary liver cell carcinoma 100%
(within the first 5 years of
consolidation, the REC remains at 100%)

Tab. 40.18: Guidelines for assessing the reduction in earning ca-
pacity (REC) and the degree of disability (DOD) in liver diseases.
(If the hepatological picture cannot be classified in relation to a
diagnosis shown in the above table, it should be described and
classified according to its functional disturbances in line with the
above diagnoses)

Altogether, three criteria are important in the assess-
ment of a liver disease:
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1. its effects on the patient’s capacity for work
2. its connection with a specific damaging event
3. its rehabilitation potential

Medical evaluations are simply opinions of an advisory
nature; they have to be assessed by administrative and
legal experts before a final decision can be made. • The
physician, however, is responsible for the medical deter-
mination of a disease and the resulting diagnosis of
unfitness for work.

8.5 Self-help groups

In most countries, there are self-help groups for liver
patients. Participation in such self-help groups is gen-
erally beneficial. They are highly valued for their con-
stant availability and their counselling competence. The
patient can remain anonymous and all counselling is
confidential. This useful service is offered free of charge.
Self-help groups provide the participants with informa-
tion on all important topics (including the latest devel-
opments) by means of printed material, special meetings
and reports in the media; in addition, they facilitate a
mutual exchange of experience among the patients.
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Piracetam 281
Pit cell 21
Placebo 845
Plantar erythema 81
Plasma cell leukaemia 818
Plasmapheresis 233, 384
Plasminogen 313
Plasmocytoma 818
Platon 5
Platypnoea 336
Pleural effusion 298, 736
Pleural spider naevi 335
Plexogenic arteriopathy 337,

735
Pneumoperitoneum 154
Poems syndrome 296, 310
Poisoning 572
� five-finger rule 572
� information centre 572
Polidocanol 352, 356
Polycystic liver disease, adult

132, 761
Polycythaemia vera 813
Polyendocrine syndrome 681
Polymerase-chain reaction 115
Polymyalgia rheumatica 819
Polymyositis 819
Pompe’s disease 595
Porcelain liver 675
Pores 20
Porphobilinogen 35, 608
Porphyria cutanea tarda 80,

84, 158, 607, 626
Porphyria, alcoholic 523
Porphyrias 603
Porphyrin 34
� biochemistry 603
� haem 33, 34
� metabolism 34
� red fluorescence 35
Portacaval anastomosis 315
Portacaval myelopathy 273
Portal biliopathy 258
Portal field 19
Portal hypertension 130, 155,

244, 534, 622, 648, 722
� intrahepatic 246
� posthepatic 249
� prehepatic 245
� presinusoidal block 246

� postsinusoidal block 248
� segmental 246
� shunt operation 259
� sonography 251
� splenic infarction 253
Portal pressure 252
Portal tract 19
Portal vein 17, 155, 244, 833
� anomalies 833
� aneurysm 836
� disorders 833
� double-flow principle 16
� thrombosis 130, 246, 813, 835
Portal vein amputation 130
Portal vein lobule 23
Portography 181
Portopulmonary hypertension

258, 735
Portosystemic encephalopathy

272
Posner test 202
Potassium canrenoate 306,

787, 876
Potassium sulphide 555
Potato liver 377, 718
PPSB 347
Prealbumin 40, 106
Prednimustine 652
Prednisolone 588, 595, 596,

639
Pregnancy 428, 433
Preventive medicine 881
Primary biliary cholangitis

120, 643
� aetiology 643
� clinical courses 646
� complications 647
� morphology 645
� pathogenesis 644
� therapy 650
Primary sclerosing cholangitis

653
� aetiopathogenesis 654
� clinical aspects 655
� diagnosis 655
� morphology 654
� therapy 658
Probiotics 279
Procalcitonin 380
Procollagen-III-peptide 111,

526, 535, 829
Progesterone 46
Proliferation 717
Prometheus 5
Prometheus system 385
Proper hepatic artery 16
Propranolol 361
Prostaglandins 293
Protein 40
� tolerance threshold 270, 278
Prothrombin 342
Proton MR spectroscopy 201,

272
Protoporphyrin 35
Protothecosis 508
Protozoiasis 486
Pruritus 85, 232, 235, 241,

650, 658
PSE syndrome test 203
Pseudoaldosteronism 868
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Pseudo-Bartter syndrome 308
Pseudo-double-barreled gum

130
Pseudo-Gaucher cells 396
Pseudohepatorenal syndrome

327
Pseudo-parallel channel sign

531
Psittacosis 481
Psychometric tests 201, 202,

203, 275
� critical flicker test 203, 276
� handwriting-specimen 203
� line-tracing 205
� multiple choice device 202
� number-connection 204
� Posner test 202
� serial-subtraction 205
� SIP 202
� star-construction 205
� story-retelling 206
� test programme 185, 202,
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PTC 185
PTCS 186
Puddle sign 298
Pugh criteria 740
Purpura 86
Pylephlebitis 835
Pyridoxin deficiency 616
Pyrrolizidine alkaloids 570

Q

Quality of life 850
Quartan malaria 489
Quick’s value 105, 236, 658
Quadrate lobe 14, 16, 130
Q-fever 481

R

RAAS 292
R-classification 783
Radiofrequency thermal abla-

tion 785, 800
Reactive oxygen intermediate

66, 401
Recombinant IFN 854
Red fluorescence 158, 604
Red wall markings 354
Re-exposure trial 554
Refractory ascites 310
Refsum’s syndrome 234
Regeneration 5, 380, 402, 409,

415, 720, 871
Regenerative nodes 717
Rehabilitation 881
Renal natriuretic factor 293
Rendu-Osler-Weber disease

838
Resting energy expenditure

857
Reticulin 728
Reticuloendothelial system 64
Retinol ester 20
Retothelial nodule 397, 477
Retraction of the eyelid 86
Retroperitoneal varices 257
Retzius veins 257
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Rex-Cantlie’s line 16
Reye’s syndrome 271, 589
Reynold’s pentad 640
Rhabdomyolysis 613
Rhabdomyosarcoma 793
Rheumatic arthritis 818
Rheumatoid factor 118, 819
Rhodanine 612
Ribavirin 707, 855
Ribosome 25, 40
Rickettsiosis 481
Riedel’s lobe 15, 78, 127
Rifampicin 241
Rift Valley fever 470
Rima coeci Halleri 15
Rituximab 817
RNA polymerases 40
Robbers forceps 157, 754, 781
Rochalimaea 482
Rocky Mountain spotted fever

481
Rotor syndrome 223
Rough endoplasmic reticulum

26, 40
Round ligament 14, 127, 171
Rubella hepatitis 467
Rubin icterus 80, 216

S

Sacrificial priest 2
S-adenosyl-L-methionine 225,

233, 241, 529, 537, 864
Saint’s venous plexus 258
Salad oil 565
Salmonellosis 476
Sanded nuclei 396
Sanfilippo’s syndrome 602
Sappey’s vein 87, 257
Sarcoidosis 399, 764
Saturnism 569
Scarred liver 377, 405, 716
Scavenger 67, 68, 537, 867
Schaumann bodies 764
Schistosomiasis 247, 496
Schizandra 705, 868
Schoenlein-Henoch disease

342
Schwannoma 760, 794
Scintigraphy 192, 367
Scleral icterus 80, 85, 216
Sclerosing hyaline fibrosis 526
Sclerotherapy 355
Scoring systems 695
Scratch auscultation 79
Scratch mark 85, 235
Screening enzyme 96
Sea-anemone phenomenon

131, 298
Sea-blue histiocytes 601
Secondary aldosteronism 270
Segmental portal hypertension

246
Segmental subdivisions 9, 16,

128, 138, 871
Selenium 51, 304, 436, 536,

787, 857
Self-help groups 883
Sengstaken-Blakemore tube

358, 359

SEN virus 451
Septa 407, 718
Septal fibrosis 407
Sequential nephron blockade

308
Serial-subtraction test 205
Serological markers 112, 116,

420, 423, 440, 446, 448
Serosa syndrome 152
Serotonin 268
Sertraline 233, 241
Sexually transmitted disease

427
Sezary syndrome 818
Sheep lice 437
Shigella 476
Shock liver 827
Sho-Saiko-To 868
Shunt operation 363, 870
Shunt-bilirubin 33
Siberian liver fluke 496
Sickle-cell anaemia 814
Siderin 415
Sideronecrosis 620
Siderophile hepatitis 620
Siderosis 526
Sieve plate 20
Silibinin 571, 867
Silvestrini-Corda syndrome
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Silymarin 380, 537, 587, 625,

705, 867
Simian cleft 15, 612
Simvastatin 650
Sinusoidal cell 19
Sinusoids 12, 17, 19, 20
Sirolimus 877
Sjögren’s syndrome 819
Skin stigmata in liver diseases

80, 724
Skirros 6, 716
Smooth cirrhosis 248, 717
Smooth endoplasmic reticu-

lum 26, 53, 55, 210, 394,
524, 544

Smooth red tongue 82
Sociomedical aspects 880
� disability 882
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882
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� preventive medicine 880
� unfitness for work 881
Sodium benzoate 280
Somatostatin 360, 786, 863
Somnolence 264
Sonography 126, 298, 779, 797
Sopor 264
Sorbitol clearance 110
Sorbitoldehydrogenase 94
SPECT 200, 780
Speculative therapy 844
Sphingomyelin 601
Spider naevus 80
Spill-over effect 737
Spiral-CT 171
Spironolactone 83, 259, 293,

305, 306, 359, 743
Spleen 79, 212

Splendore-Hoeppli syndrome
397, 497

Splenic infarction 253, 724
Splenomegaly 79, 135, 212,

253
Splenoportography 181
Splenorenal varices 257
Spontaneous bacterial perito-

nitis 302
Spontaneous Talma 155, 256
Spring-summer encephalitis

hepatitis 467
SQUID biosusceptiometer

621, 623
Staghorn calculus 657, 766
Staging 694
Standard test meal 251
Staphylococcus 475
Star-construction test 205
Starling forces 288
Statutory maternal guideline

427
Steatosis 545
Stein-Leventhal syndrome 159
Stellate cell nodule 415, 547
Stent insertion 695
Stercobilin 34
Steroid hormone 46
Still’s disease 819
Storage diseases 579
Story-retelling lest 206
Streptococcus 475
Stress metabolism 729
Stroma 18
Strongyloides stercoralis 494
Stuart-Bras symdrome 248,

249, 832
Stupor 264
Subicterus 216
Sublingual varices 257
Suffusion 86
Sugar-icing spieen 813
Suggillation 86
Sulpholithocholic acid 36
Summerskill-Tygstrup type

233
Sunburst sign 780
Sunflower cataract 85, 610,

613
Superoxide dismutase 67
Syphilis 479
Syphiloma 479
Systematization 392

T

Tacrolimus 686, 856
Tangier disease 599
Target phenomenon 135, 514
Tarry stool 6, 349, 366
Tauro-ursodeoxycholic acid

651
Telangiectasis 82, 838
Telbivudine (L-dT) 705
Tenofovir 705
Terlipressin 329, 360, 737,

863
Terminal hepatic vein 17, 23
Tertian malaria 489
Testicular atrophy 86, 622
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Thalassaemia 814
Thalidomide 818
Therapy 844
� adjuvant measures 786, 791,

802
� drug therapy 853
� empirical 844
� mythological 844
� speculative 844
Thermotherapy 785
Thesaurismoses 579
Thin spot 354
Thioacetamide 564
Thioredoxin 588
Thorotrast 564, 569
Thrombocytopenia 343
Thrombocytosis, essential 813
Thromboplastin time 105
Thymosin-α 705, 857
Thyroid hormone 46
Tight junctions 21
TIPS 259, 314, 329, 337, 362,

869
TNM staging 155, 773
Togavirus 464
Torasemide 307
Torres bodies 396, 468
Torsade de points 355, 356
Torulopsosis 508
Toxocariasis 494
Toxoplasmosis 491
Trace elements 49
Trail-making test 204
Transaminase 95, 96
Transarterial radiation 785
Transcuprin 611
Transcytosis 396, 468
Transferrin 50, 619, 623
Transport protein 40
Transthyretin 592
Trematodes 494
Treponema pallidum 479
Tricarboxylic-acid cycle 39
Trichinella spiralis 494
Trichosporosis 508
Triethylene tetramine 616
Triglyceride 44, 579
Trohoc 845
Tropheryma whippeli 481
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Tropical juvenile cirrhosis
588

Tropical malaria 489
Tru-Cut needle 144, 157, 161
Trypanosomiasis 492
Tryptophan 39, 268
TT virus 450
Tuberculoma 477
Tuberculosis 133, 158, 175,

476
Tuberculous pseudocirrhosis

477
Tularaemia 481
Tumour marker 797
Tumour-suppressor gene 776
Turkish non-syndromic pau-

city 665
TVC 186
Tympanic intestinal resonance

79
Tyrosinaemia 593

U

Ubiquitin 525
Ubiquinone 742
Ullrich-Scheie syndrome 601
Ultrastructural heterogeneity

24
Underfill theory 294
Undernourishment 529
Unfit to drive 273
Unfitness for work 881
Uniporter 69
Uphill varices 254
Upper gastrointestinal bleed-

ing 347
Urea cycle 56, 57, 266, 594,

862
� enzyme deficiency 271
� ornithine aspartase 862
Urinary dipstick 100
Urobilin 34
Urobilinogen 34, 100
Urobilinogenuria 100, 725
Uroporphyrin 35
Ursodeoxycholic acid 36, 233,

241, 437, 587, 651, 658,
686, 687, 705, 857

� modes of action 858

� pharmacology 857
UV fluorescence 35, 145, 158,

604

V

Vaccination 422, 434, 702
Vagus shock 145
Valsalva’s manoeuvre 131
Vancomycin 281
Vanishing bile-duct 232, 662
Variceal ligation 358
Varicella-zoster hepatitis 466
Varices 254, 352
Variegate porphyria 607
Vascular reactions 548
Vascular star 755
Vasodilation theory 294
Veins of Retzius 257
Veins of Sappey 257
Venesection 624, 705
Veno-occlusive disease 130,

249, 548, 570, 813, 832
Venous hum 87, 834
Ventroscopy 149
Verdin icterus 80, 216
Veres canula 153
Very low-density lipoprotein

43
Vesalius 9
Vibices 86
Vim-Silverman needle 144,

157, 161, 728
Vinyl chloride 565, 568, 793
Viral load 702
Virchow cell 478
Virostatics 853
Virtual liver surgery 797
Visceropexie 317
Visually evoked potentials

201, 272
Vitamins 47

W

Warren shunt 363
Wasting syndrome 729
Water equilibrium 288
Watson-Schwartz test 605
Wegener’s granulomatosis 820

Weibel-Palade body 793
Weil’s disease 478
Wheels-within-wheels 507
Wheel-spoke phenomenon

133, 755
White liver 585, 623
White nails 82
White nipple sign 354
White spots, skin 82
Widmark’s formula 61
Wieland test 571
Wilm’s tumour 799
Wilson’s disease 85, 610
Withdrawal syndrome 536
Wolman’s disease 597
Woodchuck hepatitis virus 423

X

Xanthelasma 84, 235, 657
Xanthodermia 216
Xanthoma 85, 235, 597, 648
Xanthoma cells 230
Xanthomatous neuropathy

648
Xenobiotics 52, 542
Xenotransplantation 387
Xipamide 307

Y

Yellow fever virus 468
Yellow spot 581
Yersinia enterocolitica 476,

624

Z

Zahn’s furrow 15
Zahn’s infarct 796, 835
Zellweger’s syndrome 234,

603, 665
Ziehl-Neelsen 764
Zieve’s syndrome 103, 523,

533
Zinc 50, 99, 269, 278, 436,

536, 616, 650, 787, 857
Zonal heterogeneity 33



Abbreviations

Abbreviation: Meaning: Abbreviation: Meaning:

A

AA Amino acid
AAA Aromatic amino acid
AAT α1-antitrypsin
ABT Aminopyrine breath test
AcCoA Acetyl coenzyme A
ACE Angiotensin-converting enzyme
ACTH Adrenocorticotropic hormone
ADH Antidiuretic hormone
ADH Alcohol dehydrogenase
ADP Adenosine diphosphate
ADR Adverse drug reaction
ADT Placebo (any � what you desire � thing)
AE Anion exchanger
AFP α1-foetoprotein
Ag Antigen
AHA Antibody histone (2B)-A
AIC Autoimmune cholangitis
AIH Autoimmune hepatitis
AIP Acute intermittent porphyria
ALA δ-aminolaevulinic acid
ALAD δ-aminolaevulinic acid-dehydratase
ALD Aldolase
ALDH Aldehyde dehydrogenase
ALF Acute liver failure
ALG Antilymphocytic globulin
ALL Acute lymphatic leukaemia
ALT Alanine aminotransferase (� GPT)
AMA Antimitochondrial antibody
AML Acute myelogenous leukaemia
AMP Adenosine monophosphate
ANA Antinuclear antibody
ANCA Antinuclear cytoplasmic antibody
ANF Atrial natiuretic factor
AP Alkaline phosphatase
APOLT Auxiliary partial orthotopic liver transplantation
APTT Activated partial thromboplastin time
APUD Amine precursor uptake and decarboxylation

cells
ARA-AMP Adenine arabinoside monophosphate
ARP Anti-ribosomal P antibody
ASA Acetylsalicylic acid
ASGPR Asialoglycoprotein receptor
ASH Alcoholic steatohepatitis
AST Aspartate aminotransferase (� GOT)
AT III Antithrombin III
ATP Adenosine triphosphate
ATPase Adenosine triphosphatase
AWS Alcohol withdrawal syndrome

B

BAC Blood alcohol concentration
BAL Bioartificial liver device
BBB Blood-brain barrier
BCAA Branched-chain amino acid
BCS Budd-Chiari syndrome
BELS Berlin extracorporeal liver support
BICAP Bipolar circumactive probe
BLSS Bioartificial liver support system
BMI Body mass index
BRIC Benign recurrent intrahepatic cholestasis
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BSEP Bile salt export pump
BSR Blood sedimentation rate (� ESR)
BUN Blood urea nitrogen
BW Body weight

C

CAGE Alcoholism test
CAH Chronic active hepatitis
CAM Cell adhesion molecule
cAMP Cyclic adenosine monophosphate
CBAT Canalicular bile acid transporter
CBG Corticosteroid-binding globulin
CC Cystadenocarcinoma
CCC Cholangiocellular carcinoma
CDCA Chenodeoxycholic acid
CDK Cyclin-dependent kinase
CDT Carbohydrate-deficient transferrin
CEA Carcinoembryonic antigen
CEDS Colour-encoded Doppler sonography
CEP Congenital erythropoietic porphyria
CESD Cholesterolester storage disease
CET Caffeine elimination test
CETP Cholesterolester transfer protein
CF Cystic fibrosis
CFR Complement fixation reaction
CFT Complement fixation test
CFTR Cystic fibrosis transmembrane regulator
cGMP Cyclic guanosine-3’, 5’-monophosphate
CH Cavernous haemangioma
ChE Cholinesterase
CHBV Crane hepatitis B virus
CHP Chronic hepatic porphyria
CIBD Chronic inflammatory bowel disease
CLH Chronic lobular hepatitis
CLL Chronic lymphatic leukaemia
CM Contrast medium
CML Chronic myeloid leukaemia
CMV Cytomegalovirus
CNDC Chronic non-suppurative destructive cholangitis
CNS Central nervous system
CO Cardiac output (vol./min)
CPH Chronic persistent hepatitis
CREST Calcinosis-Raynaud-esophagus-sclerodactyly-

telangiectasia syndrome
CRP C-reactive protein
CSF Cerebrospinal fluid
CSH Chronic septal hepatitis
CSI Cholesterol saturation index
CT Computer tomography
CTAP CT arterioportography
CTL Cytotoxic T lymphocyte
CVP Central venous pressure
CYP Cytochrome P-450

D

DBP Vitamin D-binding protein
DCP Des-gamma-carboxy prothrombin
DCP Divalent cation transporter
DDT Dichlorodiphenyltrichloroethane
DHBV Duck hepatitis virus
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DIC Disseminated intravascular coagulation
DLPC Dilinoleoylphosphadidylcholine
DNA Deoxyribonucleic acid
DOD Degree of disability
DRQ DeRitis quotient
DSA Digital subtraction angiography

E

EBV Epstein-Barr virus
EC Elimination capacity
ECLP Extracorporeal liver perfusion
ECM Extracellular matrix
ECP Erythropoietic coproporphyria
ECS Extracellular space
EDRF Endothelium-derived relaxing factor
EDTA Ethylenediaminetetraacetic acid
EEG Electroencephalography
EEP Endogenous evoked potentials
EGF Epidermal growth factor
EHP Erythrohepatic porphyria
EHT Electrohydrothermic probe
EIA Enzyme immunoassay
ELAD Extracorporeal liver assist device
ELISA Enzyme-linked immunosorbent assay
EPL Essential phospholipids
EPP Erythropoietic protoporphyria
ER Endoplasmic reticulum
ERC Endoscopic retrograde cholangiography
ET Endothelin
EUS Endoscopic ultrasound

F

FA Fatty acid
FBP Folate-binding protein
FENa Fractional sodium excretion
FFA Free fatty acid
FFP Fresh frozen plasma
FGF Fibroblast growth factor
FHCC Fibrolamellar hepatocellular carcinoma
FHF Fulminant hepatic failure (� ALF)
FHVP Free hepatic venous pressure
FIA Fluorescence immunoassay
FM Fibrin monomer
FNB Fine needle biopsy
FNH Focal nodular hyperplasia

G

GABA Gamma-aminobutyric acid
GBV GB-Virus
GDH Glutamate dehydrogenase
GEC Galactose elimination capacity
GFR Glomerular filtration rate
GGT Gamma-glutamyl transpeptitase
GHRF Growth hormone-releasing factor
GOT Glutamic oxaloacetic transaminase (� AST)
GPT Glutamic pyruvic transaminase (� ALT)
GSH Reduced glutathione
GSHV Ground squirrel hepatitis virus
GSSG Oxidized glutathione
GVHD Graft-versus-host disease

H

HAI Hepatitis activity index
HAV Hepatitis-A virus
HBDH α-Hydroxybutyrate dehydrogenase
HBIG Hepatitis-B immunoglobulin
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HBP Hepatic binding protein
HBSS Hepatobiliary sequence scintigraphy
HBV Hepatitis-B virus
HCC Hepatocellular carcinoma
HCP Hereditary coproporphyria
HCV Hepatitis-C virus
HDL High-density lipoprotein
HDV Hepatitis-D virus
HE Hepatic encephalopathy
HEP Hepatoerythropoietic porphyria
HES Hydroethyl starch
HEV Hepatitis-E virus
hFABP Hepatic fatty acid-binding protein
HGBV Hepatitis-GB virus
HGF Hepatocyte growth factor
HGV Hepatitis-G virus
HHBV Heron hepatitis B virus
HHC Hereditary haemochromatosis
HIV Human immunodeficiency virus
HL Half-life
HLA Human leucocyte antigen
HLT Heterotopic liver transplantation
HMG-CoA Hydroxymethylglutaryl-CoA
HMV Heart minute volume
HPI Hepatic proliferation inhibitor
HPLC High-pressure liquid chromatography
HPS Hepatopulmonary syndrome
HRGP Histidine-rich glycoprotein
HRQL Health-related quality of live
HRS Hepatorenal syndrome
HSS Hepatic stimulatory substance
HSV Herpes simplex virus
HTL Hepatic triglyceride lipase
HVF Hepatocyte volume fraction
HVPG Hepatic vein pressure gradient

I

IBC Iron-binding capacity
IBP Iron-binding protein
ICAM Intercellular adhesion molecule
ICDH Isocitrate dehydrogenase
ICG Indocyanine green
ICP Intracranial pressure
ICS Intracellular space
ICU Intensive care unit
IDL Intermediate density lipoprotein
IDUS Intraductal ultrasound
IFN Interferon
IFT Immunofluorescence test
IGF Insulin-like growth factor
IHAT Indirect haemagglutination test
IL Interleukin
INR International normalization ratio
IOUS Intraoperative ultrasound
IRF Iron regulation factor
ISC Iron saturation capacity
IU International unit

K

KB Ketone bodies
kDa Kilo-Dalton
KKS Kallikrein-kinin system

L

LAM Lamivudine
LAP Laparoscopy
LAP Liver active protein
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LAP Leucine aminopeptidase
LASER Light amplification by stimulated emission of

radiation
LB Liver biopsy
LCAT Lecithin-cholesterol acyl transferase
LCT Lipiodol-computer tomography
LD Lethal dose
LDH Lactate dehydrogenase
LDL Low-density lipoprotein
LDLT Living donor liver transplantation
LE Lupus erythematosus
LFA Lymphocyte function antigen
LFT Liver function test
LIP Liver inhibitor protein
LITT Laser-induced thermotherapy
LKM Liver-kidney microsomal antigen
LMA Liver membrane autoantibody
LPA Liver-pancreas antibody
LPL Lipoprotein lipase
LP X Lipoprotein-X
LR Liver resection
LSP Liver-specific protein
LT Liver transplantation
LTC Laparoscopic transhepatic cholangiography
LTT Line-tracing test
LTT Lymphocyte transformation test
LWW Liver wet weight

M

MALT Munich alcoholism test
MALT Mucous membrane associated lymphoid tissue
MAO Monoamine oxidase
MARS Molecular adsorbend recirculatory system
MAST Michigan alcoholism screening test
mAST Mitochondrial aspartate aminotransferase

(� m-GOT)
MBq Megabecquerel
MCL Midclavicular line
MCT Medium-chain triglyceride
MCV Mean corpuscular volume
MEGX Monoethylglycinexylidide test
MELS Modular extracorporeal liver support
MEOS Microsomal ethanol-oxidizing system
MFH Malignant fibrous histiocytoma
mGOT Mitochondrial glutamic-oxalacetic transaminase

(� mAST)
MHC Major histocompatibility complex
MIGET Multiple inert gas elimination technique
MMP Matrix metalloproteinase
MOAT Multi-organic anion transporter
MPS Mononuclear phagocyte system
MRC Magnetic resonance cholangiography
MRI Magnetic resonance imaging (� MRT)
mRNA Messenger RNA
MRP Multi-drug resistance-associated protein
MT Metallothionein
MTP Microsomal triglyceride transfer protein

N

NAD Nicotinamide adenine dinucleotide
NADP Nicotinamide adenine dinucleotide phosphate
NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
NCT Number-connection test
nDNA Nuclear DNA
NHL Non-Hodgkin lymphoma
NLCT Number-letter combination test
NO Nitrous oxide
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NRH Nodular regenerative hyperplasia
NSAR Non-steroidal antirheumatics
NU 5’-Nucleotidase

O

OA Ornithine aspartate
OATP Natrium-independent transport system for

organic anions
OCT Ornithine carbamoyltransferase
OGTT Oral glucose tolerance test
OLS Overlap syndrome
OLT Orthotopic liver transplantation
ORF Open reading frame

P

PAF Platelet-activating factor
PAH Para-aminohippuric acid
PAI Percutaneous acetic acid injection
PAIR Punction/Aspiration/Injection/Re-Aspiration
pANCA Perinuclear antineutrophilic cytoplasmic anti-

body
PAP Pulmonary artery pressure
PAS Para-aminosalicylic acid
PAS Periodic acid-Schiff reaction
PBC Primary biliary cirrhosis
PBG Porphobilinogen
PCB Polychlorinated biphenyl
PCNA Proliferating cell nuclear antigen
PCO2 Partial pressure carbon dioxide
PCP Pentachlorophenol
PCR Polymerase chain reaction
PCT Porphyria cutanea tarda
PCWP Pulmonary capillary wedge pressure
PDGF Platelet-derived growth factor
PDR Plasma disappearance rate
PEEP Positive end-expiratory pressure
PELAM Platelet endothelial cell adhesion molecule
PEI Percutaneous ethanol injection
PEM Protein-energy malnutrition
PET Positron emission tomography
PG Prostaglandin
PHI Phosphohexose isomerase
Pi Protease inhibitor
P III-P Procollagen-III-peptide
PMN Polymorphonuclear neutrophilic leucocytes
PPC Polyenylphosphatidylcholine
PPH Primary pulmonary hypertension
PPSB Prothrombin complex (prothrombin, procon-

vertin, Stuart factor, antihaemophilic factor B)
PSC Primary sclerosing cholangitis
PSE Portosystemic encephalopathy
PT Prothrombin time (� Quick)
PTC Percutaneous transhepatic cholangiography
PTH Parathormone
PTP Percutaneous transhepatic portography
PTT Partial thromboplastin time
PVC Polyvinyl chloride
PVS Peritoneovenous shunt

Q

QOL Quality of life

R

RAAS Renin-angiotensin-aldosterone system
RAST Radio-allergo-sorbent test
RBP Retinol-binding protein
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RCE Reduction in earning capacity
REE Resting energy expenditure
RER Rough endoplasmic reticulum
RES Reticuloendothelial system
RFTA Radiofrequency thermal ablation
RHS Reticulohistiocytic system
RIA Radioimmunoassay
RIBA Recombinant immunoblot assay
RNA Ribonucleic acid
RNF Renal natriuretic factor
ROI Reactive oxygen intermediates
rRNA Ribosomal RNA
RT-PCR Reverse transcription-polymerase chain reaction

S

SAMe S-adenosylmethionine
SBP Spontaneous bacterial peritonitis
SDH Sorbitol dehydrogenase
SeHCAT Selenohomotaurocholic acid test
SEP Somatosensory evoked potentials
SER Smooth endoplasmic reticulum
SLA Soluble liver cell antigen
SLT Split liver transplantation
SMA Smooth muscle antibody
SOD Superoxide dismutase
SOL Space-occupying lesion
SPECT Single-photon emission computer tomography
SQUID Superconducting quantum-interference device
SSC Secondary sclerosing cholangitis
STD Sexually transmitted disease
STH Somatotropic hormone
STP Standard temperature (0 °C) and pressure

(760 mg Hg)
SVR Sustained viral response

T

TAC Transarterial chemotherapy
TACE Transarterial chemoembolization
TAE Transarterial embolization
TBG Thyroxine-binding globulin
TCDD Dioxin
TGF Transforming growth factor
TIBC Total iron-binding capacity
TIMP Tissue inhibitor metalloproteinase
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TIPS Transjugular intrahepatic portosystemic shunt
TNF Tumour necrosis factor
TNM Malignant tumour classification system (tumour,

node, metastasis)
tPA Tissue plasminogen activator
TPT Thromboplastin time
TRH Thyreotropin-releasing hormone
tRNA Transfer RNA
TSH Thyroid-stimulating hormone
TT Thrombin time
TTR Transthyretin
TUDCA Tauro-ursodeoxycholic acid
TVC Transvenous cholangiography

U

UDCA Ursodeoxycholic acid
UDP Uridine diphosphate
UES Undifferentiated embryonal sarcoma
uPA Urokinase plasminogen activator
US Ultrasound
UTP Uridine triphosphate
UV Ultraviolet
UW University of Wisconsin solution

V

VBDS Vanishing bile duct syndrome
VC Vinyl chloride
VCAM Vascular cell adhesion molecule
VEGF Vascular endothelial growth factor
VEP Visually evoked potentials
VIP Vasoactive intestinal polypeptide
VLDL Very low-density lipoprotein
VOD Veno-occlusive disease
VZV Varicella-zoster virus

W

WAIS Wechsler adult intelligence scale
WHV Woodchuck hepatitis virus
WHVP Wedged hepatic venous pressure
WNV West Nile virus

Y

YF Yellow fever


