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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 1% 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which some 1,500 have been replaced by more recent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 1% 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 1% edition, page
VII, paragraph 4.)

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

Preface to the second edition

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
1%t 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 Kiister, senior editor, and Meike
Seeker, project manager, who gave their encourage-
ment and kind support at all times.

Wetzlar, October 2005 Erwin Kuntz
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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.
Professor of Medicine,

Johann Wolfgang Goethe University
Frankfurt/M., Germany

VIII

Foreword to the second edition

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.

Alan F. Hofmann, M. D.

Professor Emeritus of Medicine
University of California, San Diego
La Jolla, USA



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.

Preface to the first edition

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. Miiller (Bochum), Prof. Dr. G.
Piekarski (Bonn), Prof. Dr. H. Thaler (Vienna), Prof.
Dr. G. Volkheimer (Berlin), Prof. Dr. O. Vorlander
(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.
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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

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 4
(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
Jorg Engelbrecht and Dr. Dorothee Guth for their
encouragement and kind support at all times.

Wetzlar, July 2001 Erwin Kuntz

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 1.e. id est, that is 1.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: (/.) P. Procter (editor): Cambridge International
Dictionary of English (Cambridge Univ. Press) 1999, 3" edition; (2.) J. CRowthEr (editor): Oxford Advanced Learner’s Dictionary (Oxford
Univ. Press), 1999, 5™ edition; (3.) J. DorLaND, W.A. NEwman (editors): Illustrated Medical Dictionary (W. B. Saunders, Philadelphia, et al.),
2000, 29t edition; (4.) F.J. NouriNG (editor): Langenscheidt’s Fachworterbuch Medizin (Langenscheidt, Berlin, et al.), 1996, 3™ edition; (5.)
W.E. Bunigs (editor): Medical and Pharmaceutical Dictionary (Thieme, Stuttgart, et al.), 1985, 4% edition; (6.) S. DressLer (editor): Diction-

ary of Clinical Medicine (Chapman & Hall, London, et al.), 1996.
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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

Foreword to the first edition

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 1is
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.

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
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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 Paracersus (1493 —1541)

(Liber tertius paramiri, de morbis ex Tartaro.
St. Gallen, 1531)
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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 “lip” meant both liver
and life, and there are obvious similarities between
the English “liver-live/life” (Old English: “lifer-1if”’)
and the German “Leber-Leben”. In Old High Ger-
man, the liver was termed “leb(a)ra”. The Hebrew
“kabe(r), kabe(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 —
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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 171
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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 13"—12%" century BC were also unearthed
during the excavations of Bogazkdy (1933/34). (9) (s.
fig. 1.3)

Fig. 1.3: Sumerian clay model of the liver, ca. 1260 BC (excavations
of Bogazkdy) (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. Eurieies (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
(EzexieL 21, v. 21): “For the king of Babylon stood at the
parting of the way, at the head of the two ways, to use

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 Eurnymipes 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 (3¢—2"¢ century BC) and a
clay liver model (2°¢ 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 Karcuas, 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 Aucustus 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 MarceLrus in the battle against Han-
nibal (208 BC); this ominous portent also foretold the
emperor CaLiguLa his imminent murder (41 AD) and the
emperor Craupius 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 Esers (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 Jeremian (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) Horatrus 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 tiber 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

griin drgern” (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. Hestop (8" century BC) and Arscryros (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 Tirvos 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
Hecusa, 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 5™ and 6 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 HippPoO-
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 4t 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 (5" century
AD). He also described the discolouration of urine as-
sociated with jaundice.

RUFUS OF EPHESUS (15t—2"¢ 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 Printus 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 5" 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-

gations. Garenos (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.

3 3 ) 4 ik
Fig. 1.12: Garenos oF PErGamoN (131—201 AD) (129—199 AD?)
(Medical Academy Paris; photo by René Jacques, Paris)
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» Garenos 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 Rurus or Epnesus, 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
Jjustifiably 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 — HeropuiLos and ERASISTRATOS
(s.p. 6) as well as Garenos (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 Luzz1 (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 Garenos 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”

8

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) (MonpmNo pE 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: Paracersus (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. VesaLus (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!)

g
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

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. Gusson (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) Guisson 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 Tu. Wiruis (1621 —1675).

Fig. 1.16: Nllustration of the blood and bile vessels of the liver by
F. GuissoN, 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. Weprer (1664) as consisting of a
gland comprising innumerable liver “lobules”. M. MaL-
ricar (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. Bicuat (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.



Chapter 1

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. Bonn (1697) as
well as by H. Boeruaave (1708), who also recognized the
role of bile in the digestion of fats. M. Marpicmn had
already established the thickening of bile in the gall
bladder as early as 1687. In 1710 A. Borerui described
the enterohepatic circulation of bile through the portal
vein system. The ligation of the hepatic artery by M.
Mareicar and J. Bonn, 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. AseLur (1622), of the thoracic
duct by J. Pecqer (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. Rupsek (1653), the liver came to be re-
garded as an “excretory organ” which removed bile and
other aqueous fluid (T. BartaoriN: “lympha’”) from the
blood. Pecqer 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. Wareus (1640) was
the first to describe connective tissue in the liver, namely
in the area surrounding the vessels. * M. Mavrpigar (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 18" 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: Avsrecut von Harrer (1708—1777)
(Nat. Library Bern; photo by Boissonnas, Geneva)

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

1775 Discovery of bile cholesterol by B.G.F. ConrabI (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.Tu. SommeriNG 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. Rost 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. CuevreuL reconfirmed the presence of choles-
terol in both bile and gallstones (1824) and termed
this compound “cholesterol”.

1817 F. Macenpie 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. TiepE-
MANN and L. GMELIN.

1828 F. WonLer 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: lllustration 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. Purking, later by J.
Hence (1838), also by F. Dusarpin 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. Hence describes the bile canaliculi in the liver lob-
ules as simple, unwalled intracellular spaces.

1842 J. Lisic 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. MuLLER localized the site of bile synthesis in the
liver

1847 R. VircHow described ,,Himatoidin” 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. LEamann 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. BErRNARD and C.L. BARRESVIL.

1854 Description of hepatocellular trabeculae by J. Ger-
LACH.

1855 F. Funurer and H. LubwiG 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 E Tu. Frericus (1819—1885). « He became
the founder of modern liver pathology. (s. fig. 1.20)

PO Jroses pveman.
KLINIK

ER

LEBERKRANKHEITEN

VoN

Dw. FRIED. THEOD. FRERICHS,
Professor der medicl Klindk an der Konigl. Friedrich-Wilhehms-Unlversith
ficheimens Medielnal-Hath wnd vortragendem Rathe Im Ministerio dor geistlichen, Unterrichts - wid
Medicinal - Amgelegrnboiton |n Berlim

IN ZWEI BANDEN.

ERSTER BAND.

Mit einem Atlan von 12 sorgfiltig colorirten Stahlstioh - Tafeln in Royal-Quart
und sahireichen in den Text cingodruch

ZWEITE VERBESBERTE AUFLAGE.

BRAUNSBCHWEIG,
DREUCK UND VERLAG VON FRIEDRICH YIEWEG UND SOHN.

1861

Fig. 1.19: Front page of the outstanding textbook ,,Klinik der
Leberkrankheiten® by F. TH. Frericas (1819—1885): 2 volumes
(15t ed. 1858, 27 ed. 1861) Verlag Vieweg, Braunschweig/Ger-
many; 416 and 549 pages, respectively. (s. fig. 5.1). (Property of
H. EppiNer! — Purchased from his estate) (Personal possession)

1863 The “brown bile” (described by L. GMeLIN) is termed
“bilirubin” by G. STApELER (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

1869

1870

1871

1871
1880
1882
1890

1890

1891

1892

1893

1903

1903

M. Jarrg isolated “urobilin” from urine (corres-
ponding to stercobilin in the stool).

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

First description of the enterohepatic bile circulation
by M. ScHIFF.

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

Detection of stercobilin by C. VANLAIR and V. Masius.
First blind hepatic biopsy performed by P. EHRLICH.
W. von ScHRODER demonstrates ureagenesis in the liver.

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.

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

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

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

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

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

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 4™ 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 FriepricH THEODOR FrERICHS from 1862
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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)

Anterior view
Diaphragm (D)
Left lobe (LL)
Right Falciform
lobe (RL) ligament (FL)
Round
ligament (RL)
Gall bladder (GB)
Posterior view
LL Bare area
FLV IVC
Caudate AL
lobe
GB
Inferior view
Gastric . Y
impression i
Portal vein Hendl
impression
Hepatic artery Duodenal
impression
Bile duct
Quadrate Colonic
lobe impression
FL/RL GB

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. Hyrtr,
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. RiepeL, 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. 1t 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.

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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Chapter 2

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. Hyortsi6 (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 11 1—4, the so-called “centre of

the liver”) is supplied by both branches of the portal
vein. Consequently, segment 11 3 (equivalent to segment
IV) would correspond to the quadrate lobe, II 2 to the
caudate process, and segment IT 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 (I1, 3): caudate lobe (I, 1,2)
and caudate process (11, 2); right lobe (111, 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 (i ) between I 1,3 and 11
1,3. « b: The liver can be divided into 9 segments (I—IX) according
to the ramifications of the portal veins. Segments II/II1, I/IV, V/VIIL
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: (/.) 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: (/.) 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 (3.) 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: (/.) 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

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, 1.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. O =
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;
A = superior mesenteric vein, r.c.v. = right colic vein, ic.v. =
ileocolic vein, j.v. = jejunal veins, i.v. = ileal veins; /A = 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 pm. 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 pm 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. Evias, 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 um. They run through the
connective tissue wedges of the portal tracts (= Glis-
son’s triangles). These interlobular bile ducts (15—100
pm) anastomose with each other. The larger septal
(100—400 pum) 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 [ymph 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: (/.) 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 ITto cells. During the degradation process,
hydroxyproline develops, which in turn is either oxidized
in the liver into CO, and H,O (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
um 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. Guisson, 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 intralobul