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PREFACE 

The 25th Panhellenic Surgical Congress is offering the present textbook of surgery to all participants on one of 
the hot surgical topics: hepatobiliary surgery: "I wonder what the young surgeon learn when they attend a national 
surgical congress?" It is well known that delegates and young surgeons attend sessions on surgical topics of great 
interest, such as round table discussions, lectures on specific issues by distinguished Greek and foreign guests, 
postgraduate courses, follow live operations transmitted from operating rooms, meet experts describing their own 
techniques, debate scientific problems and ideas with well known pioneers in the field, and go home to review 
the scientific programme and their notes from the sessions attended. 

Pioneers from both the international and Greek Hepatobiliary Club, present their combined experience, 
describe techniques for hepatic and biliary surgery and explore future trends. It is important for all of us to know 

what is really "innovative" in hepatobiliary surgery. New thinking is both an initiation and a "nouveaute" that 
pushes at the frontiers in surgery. This book addresses all the main topics in Hepatobiliary surgery including living 
related and conventional cadaveric transplantation, new trends in hepatic surgery, new applications for laparosco- 
pic surgery, especially laparoscopic exploration of the biliary tree, the changing face of biliary reoperation and 
iatrogenic biliary stenoses and strictures, etc. 

The book also covers cutting-edge research and technological advances that will shape the surgery of to- 
morrow. There is little doubt that technological advances in preoperative imaging, such as 3-D reconstruction, 
preoperative preparation with portal vein embolisation and operative techniques using bloodless RF resection 
methods, are already changing the nature of liver surgery. 

It will be interesting to see how surgery will benefit from advances in stem cell research, gene therapy, geno- 
mics, proteomics and miRNA. I hope that this book will inspire young surgeons to invent, to dream and believe in 
their imagination. 

As a surgeon who has participated in the evolutionary steps of biliary and hepatic surgery over the last deca- 
des, I want to express my enthusiasm for this book, and my deep appreciation to the Organising Committee and 
especially the President of the Congress, my friend Constantine Karaliotas, and the hope that this book will be 
appreciated by all members of the 2006 Congress. 

Evangelos J. Papaevangelou 
Professor of Surgery 

Former President of Hellenic Surgical Society 



PREFACE 

With the coming of 2007, we are celebrating seventy nine years since the institution of the Hellenic Surgical 

Society. 

These years have proven very productive for surgery in Greece, mainly because the founders of our Society, 

as well as all the great scientists of the Executive Committees that followed, offered all their knowledge in an 

effort to upgrading surgery in Greece, so that it is now considered as worthy as surgery worldwide. 

Wishing to honour the 79th anniversary of our Society and at the same time holding the 25th Panhellenic 
Congress of Surgery, the present Executive Committee decided, among other, to publish a book titled "Liver and 
Biliary Tract Surgery". 

The aforementioned book, written in English so as to be read by doctors beyond Greek frontiers, is the result 
of a very successful team work of some of the most significant scientists of our days. The President of the congress 

and elect President of the Hellenic Surgical Society, Dr C. Karaliotas, Chairman of the Surgery and Surgical Onco- 

logy Department of Red Cross Hospital in Greece, Professor Chistoph Broelsch, Chairman of the Transplantation 

Center of Essen University in Germany and Professor Nagy Habib Chairman of the Hepatobiliary Department of 

the Hammersmith Hospital in United Kingdom, are the editors of the present book. 

The catalogue of authors includes 68 scientists very well known for their work, knowledge and literature 

contribution, worldwide, from Greece, Germany, United Kingdom, United States and France. 

SpringerWienNewYork, the Publisher is one of the highest reputed publishing Houses, and an additional gua- 
rantee of the book's high quality. 

Being the representative of the Hellenic Surgical Society, I wish to thank the editors, Doctors Karaliotas, 
Broelsch and Habib for their hard work, all the authors for their valuable contribution and Springer publishers 
who gave us the opportunity for that great edition. We look forward to a future cooperation. 

It is our wish, this very special work of so many remarkable authors to receive the welcome it deserves. 

Theophilos Polymeropoulos 
President of the Hellenic Surgical Society 



FOREWORD 

Since in 2006 the art and practice of HPB surgery can be learnt from a variety of sources, which circumstances 

did determine and touched the genesis of this book? In spite of the internet and e-learning and the many scientific 

and medical meetings, a textbook still has a place in today's world as it provides junior and senior surgeons with a 

definite and fundamental source of information to enhance clinical skill and management strategy. 

This textbook has three Editors-authors and four sections, each reflective of their own particular perspective. 

As each author has chosen different co-authors and topics, the textbook has been enriched with different philoso- 

phies and ways of thinking about clinical approaches from which the reader will benefit. 

The first and second sections are dedicated to embryology, anatomy and physiology, current diagnostic 

techniques in hepatobiliary surgery and management of benign and malignant diseases of the biliary tract. Is one 

of the most classical but basic and difficult knowledge for the HPB surgeon. The topics are mainly written by 

authors from university centers of Greece and Red Cross Hospital of Athens and Hannover. Invaluable is the offer 

of the two famous writers, professors A. Dalley and K.L. Moore from USA and Canada who have written the 

chapter I. 

The third section, is written from the Hammersmith Hospital doctors. They contributed to chapters covering 

three different areas. 

The first area reflects the unique activities where HPB department excels. Chapters are dedicated to new 

techniques developed at the Hammersmith Hospital, such as radiofrequency assisted liver resection. This concept 

was born and developed at the Hammersmith. It is with great pride that on the first anniversary of the launch of 

Hammersmith device that one in four of all liver resections in the USA is performed with this technique. The new 

technique allows HPB surgeons to perform liver resection with excellent results. In the vast majority of cases liver 

resection can be performed without blood transfusion, and without the need to admit patients to intensive care 

unit or high dependency unit. The development of the laparoscopic RF resection device is even more significant 

as it will finally give the liver surgeon the opportunity to undertake laparoscopic liver resection safely. It will also 

significantly reduce the length of hospitalisation and overall cost, rendering liver resection more competitive than 

percutaneous tumour ablation and other non-surgical approaches. 

The second area describes techniques that were developed by other teams, but adopted recently in Hammer- 

smith HPB service. This includes the use of 3D imaging in the pre-operative planning of surgery and the adjuvant 

use of SIRTEX for locally delivered radiotherapy. 

The third area gives an insight into some of the research undertaken in the department of surgery, such as stem 

cell and gene therapy. Several clinical trials have been performed and results, so far, are promising. We believe 

that academic research goes hand in hand with modern surgery. Research holds the key for improvements in HPB 

surgical outcomes. The up-to-date modern HPB surgeon will have to rely more and more on stem cell biology, 

gene therapy, molecular engineering, microarray technology, chemotherapy signatures, genomics, proteomics, 

metabonomics, nanotechnology, tissue engineering, medical device engineering and above all his or her creative 

surgical handicraft to optimise the management of HPB patients. 

The fourth section is dedicated to Liver Transplantations and is written from doctors of Liver Transplantation 

Unit of Essen University from Germany. In the past two decades liver transplantation has become the standard 

treatment in patients with chronic liver failure. Currently, it also represents the most effective therapy in acute 

liver failure and in carefully selected patients with hepatocellular carcinoma. Technical innovations as well as an 
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explosion of basic and clinical knowledge in organ transplantation contributed to the success of liver transplan- 

tation. This includes a standardization of operative preservation techniques and in particular new developments in 
the field of immunosuppression. As a consequence, short term survival has improved tremendously. 

Concerning the factors which gained increasing interest are those determining long-term survival, in 

particular, recurrence of primary disease. It is one of the major challenges for the future to develop successful 
strategies for the prevention and therapy of recurrent disease to reduce the risk for recurrence and to increase 
survival. With increasing success the indication for liver transplantation is more and more broadened, although 
organ availability will become the limiting factor. To reduce organ shortage, an optimal use of available organs 
and an extension of the donor pool is inevitable. Split liver transplantation and living-related liver transplantation 
are the most effective innovations to increase organ availability and to relieve organ shortage. 

This textbook comes at a critical time for liver surgery. During the last 3 decades there have been major 

advances in liver surgery, such as complex liver surgery and liver transplantation. However, no major break- 

through has happened in the last few years, even laparoscopic liver surgery did not gain its expected popularity 

because of the technology gap. Unfortunately, liver surgery has been on the defensive. Instead of progressing, the 

contrary has happened, and liver surgery is receding from the high ground. Facing the onslaught of major break- 
throughs in interventional radiology and oncology conventional orthodox liver surgery indications, such as rese- 
ction of small solitary tumour, were being questioned. Furthermore, major HPB meetings were uninspiring, rich 
in style, but poor in substance. The major chiefs of liver surgery were repeating old positions with loud voices, but 
with no convincing arguments. 

In all our sections of this textbook we have concentrated on new developments, which Professor Papaevan- 
gelos alluded to in his preface as "nouveaut6s", in the hope of firing the imagination of HPB surgeons and of attra- 
cting young talent to this speciality. 

HPB surgery and medicine are in dynamic motion propelled by knowledge, discovery and innovation. Curren- 

tly, the HPB surgeon has to face the challenge of how to integrate and to work closely with the oncologist, gastro- 
enterologist, radiologist and pathologist in a multi-disciplinary approach. In the future the challenge will be even 
greater. In this new era, the HPB surgeon will have to interact with new officers who will make discoveries lead 
by science and technology. It is in this spirit that this textbook has been designed and prepared. 

Finally, we would like to thank our co-authors and all contributors for giving us the privilege to contribute to 
this textbook and to all our colleagues who assisted with the manuscripts. Lastly, we hope that readers of this book 
will be inspired by the science, technical surgical handicraft, and spirit of this book which will equip them with 
new skills to offer optimal management to their patients. 

Constantine Karaliotas 
Christoph Broelsch 

Nagy Habib 

Editors 
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EMBRYOLOGICAL AND SURGICAL ANATOMY 
0 F TH E I NTRAH E PATI C AN D EXTRAH E PATI C 
BILIARY TREE 

/ 

A.F. Dalley, K.L. Moore 

1.1. Embryology 

The hepatobiliary system develops during the second 
half of the eight week embryonic stage of develop- 
ment, known as the organogenetic period[1 ]. Many of 
the anatomic variations of the system are the conse- 
quences of occurrences during this period [2]. At the 
beginning of gestational week 4, early development of 
only the nervous and cardiovascular systems has oc- 
curred. The full length of the fiat, three-layered em- 
bryonic disc lies in contact with the yolk sac, and the 
developing heart lies at the rostral end (fig. 1.1A2). Ra- 
pid growth of the dorsally-placed central nervous sy- 
stem in the long axis of the embryo results in simul- 
taneous folding at the cranial and caudal ends and si- 
des of the embryo. Concurrently, there is relative con- 
striction at the junction of the embryo and yolk sac, so 
that the full length contact is diminished to a conne- 
cting yolk stalk (fig. 1.1C2). In this process, the neural 
folds have thickened disproportionately to the rest of 
the neural place, forming the primordium of the brain. 
The thickest, most rostral part, destined to become the 
forebrain, overhangs the developing heart, contained 
within a transverse mesodermal fold, the transverse 
septum (fig. 1.1B2). As this mass moves ventrally and 
caudally with the cranial folding, part of the yolk sac 
on the embryonic side of the constricting stalk beco- 
mes incorporated into the cranial end of the embryo 
between the brain/notochord dorsally and the heart/ 
transverse septum ventrallyl becoming the foregut (fig. 
1.1 C2). Similarly, part of the yolk sac becomes incorpo- 
rated into the caudal end of the embryo as the hindgut. 
By the middle of the 4th week, the midgut is distingui- 

shed from the foregut and hindgut by being widely 
open to the yolk sac ventrally. After cranial folding, the 
bulk of the transverse septum lies caudal to the heart. 
Within the septal mesoderm, three sets of veins [yolk 
sac (vitelline), umbilical, and common cardinal veins] 
drain bilaterally into the bicornate caudal end (sinus 
venosus) of the primitive heart. On approximately the 
22nd day, a small endodermal thickening, the hepatic 
plate, appears in the endodermal lining of the caudal 
part of the foregut, adjacent to the transverse septum 
[3]. On the 25th-26th day, the plate begins to prolifera- 
te and invaginates into the caudal region of the septum 
between the right and left venous returns, forming the 
hepatic diverticulum (liver bud) (fig. 1.2A). 

As the hepatic diverticulum begins to grow into the 

mesoderm, the septum becomes segregated into cra- 
nial pericardial and caudal hepatic regions, the latter 
sometimes referred to as the hepatic mesoderm. The 
diverticulum itself enlarges rapidly, dividing into cra- 
nial and caudal parts. 

The initially bulbous "head" of the larger cranial 
part of the diverticulum bears the cells that constitute 
the primordium of the liver parenchyma, while its 
"neck" will elongate to become the extrahepatic por- 
tion of the hepatic duct (fig. 1.2B & C). During the fifth 
week, the invading and invaded cells interact through 

mutual induction: the hepatic mesoderm stimulates the 
invading endodermal cells of the diverticulum to diffe- 
rentiate into hepatocytes or the epithelial lining of the 
intrahepatic biliary ducts, and the developing endoder- 
mal hepatocytes stimulate the hepatic mesoderm to 
differentiate into the endothelial cells of the hepatic si- 
nusoids (fig. 1.3) [4, 5, 6]. The primordium of the liver 



4 Chapter 1 Embryological and Surgical Anatomy of the Intrahepatic and Extrahepatic Biliary Tree 

Cut amnion 

)haryngeal 
3mbrane 

~traembryonk 
oelom 

Plane of 
section A3 

Neural crest Neural tube 

nite 

Son mion 

A1 

~cal 
~brane 

i Piane of section A 2 A2 

Forebrain Not(chord Cloacal 

A3 
Intraembryonic coelom 
communicating with 
extraembryonic coelom 

Neural crest Somatopleure 

F)tane of 
~ection B3 

in 
tmns 

k 

B2 B3 

A 
C3 

Foregut H ~  Developing spinal ganglion 

Int 
C04 

~e 
onic c( 

Cl ~'2 

Fig. 1.1. Folding of embryo during 4th week. A figs. Early in 4th week (3 somite stage), B figs. 22 days. C figs. 26 days. A 1, Dorsal view. The 
conti-nuity of the intraembryonic coelom and extraembryonic coelom is illustrated on the right side by removal of a part of the embryonic 
ecto-derm and mesoderm. B1 and Cl, Lateral views. A 2 - C 2, Sagittal sections at the plane indicated in A 1. A 3 - C 3, Transverse sections at the 
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parenchyma branches into many hepatic cords (fig. 
1.2B), which are closely associated with splanchopleuric 
mesoderm originating near the cranial (cardiac) end of 
the developing stomach that will form the mesoblastic 
supporting strorna of  the liver. By day 32, the most me- 
dially-placed veins in the septum, the vitelline veins, 

break up into plexuses with their interstices occupied 
by the proliferating matrix of differentiating endoder- 
mal and mesodermal cells. As they are forming, the he- 
patic sinusoids become connected to the vitelline ple- 
xus, so that vitelline blood flows through the develo- 
ping liver. As early as the fourth week, foci of hemato- 



Chapter 1 Embryological and Surgical Anatomy of the Intrahepatic and Extrahepatic Biliary Tree 

i 

I 

w 

i 

~ Reciprocal induction 
.... 7 7 7  -7.7_ _- 7 ~ :  . . . . . .  --:77::  : :  . Z ' :  -_'~-_.~"_-"_:-:7"~_- : m . , .  ~ .  

Tertiary induction 

Tis~u~ interactions in the morp~nesis of the endodennal component of the liver. 

Fig. 1.3. Inductive interactions between the invading endodermal cells of the hepatic diverticulum and the invaded mesodermal cells of the 
transverse septum in the morphogenesis of the liver. [From Carlson (2004), Fig. 14-17, p. 337, with permission of the publisher]. 

poietic cells derived from the mesenchyme of this re- 
gion of the septum transversum appear among the he- 
patic parenchymal cells and begin to produce blood 
cells that will egress from the developing sinusoids and 
vitelline plexus. 

The smaller caudal part of the hepatic diverticulum, 
the cystic diverticulum, becomes the gallbladder, its 
"neck" forming the cystic duct [7] (fig. 1.2B & C). The 
cells forming the gallbladder and cystic duct are from a 
histologically distinct populations of endodermal cells 
[8]. The stalk of the hepatic diverticulum, between gut 

(now differentiating into duodenum) and the cystic di- 

verticulum elongates into the (common) bile duct. Va- 
riations in the gallbladder and extrahepatic duct arise 
from developmental anomalies that occur during the 

4th week. 
During the 5th week, there is an exuberant prolife- 

ration of liver cells, and a coincidental elongation of 
the extrahepatic ductal structures. The gut tube begins 
to close, forming the duodenum. The lumina of the 
duodenum and the ducts of the extrahepatic biliary ap- 

paratus fill and become occluded with epithelial cells 

by the end of the 5th week. 
At the same time the cystic diverticulum appears 

(approximately day 26), a dorsal pancreatic diverticu- 
lum forms in the dorsal wall of the duodenum, opposi- 
te the site of origin of the hepatic diverticulum, and 
within a few days a ventral pancreatic diverticulum 
arises from the developing bile duct, just caudal to the 
developing gallbladder. Although the hepatic diverti- 
culum arose initially from the ventral aspect of the fo- 
regut, growth and rotation of the duodenum causes the 

entrance of the bile duct and the developing ventral 
pancreas both to become dorsally-placed, entering the 
posterior wall of the duodenum and lying within the 

dorsal mesentery (fig. 1.2D). 
At the beginning of the sixth week, the enlarging 

hepatic mass bulges out of and separates from an inter- 
mediate stratum (diaphragmatic part) of the septum 
transversum, becoming a true abdominal structure ly- 
ing between the layers of the ventral mesentery for- 

med during closure of the gut and body wall (fig. 1.4 & 
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1.5). The hepatic mass remains attached to  this thin rem- 

nant of the septum that becomes part of the diaphragm 

by corona W ligaments. The bare areas of the liver and 

diaphragm remain as vestiges of the liver's septal 

origin. Other parts of the ventral mesentery, extending 

between liver and body wall, become the falciform li- 
gament, while that extending between stomach and li- 

ver becomes the lesser omentum (hepatogastric liga- 
ment). The ventral mesentery provides passage for the 

ducts and vessels serving the liver, but degenerates 

caudal to them. The caudal, free edge of the falciform 

ligament -the round ligament (ligarnenturn teres)- con- 

ducts the umbilical vein; that of the lesser omentum 

(hepatoduodenal ligament) conducts the portal vein, 

hepatic artery, and common bile duct - the portal triad. 
About a fifth of the time, a branch of the left gastric ar- 

tery courses through the cephalic part of the gastrohe- 

patic ligament to become an accessory or replaced left 
hepatic artery. Similarly, a branch of the superior me- 

senteric artery often continues into the gastroduodenal 

ligament to become an accessory or replaced right he- 
patic artery. 

During week 6, the extrahepatic ducts recanalize 

through a process of vacuolation resulting from the de- 
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Fig. 1.4. Median section of an embryo showing early digestive system 
and its blood supply. The transverse septum, once a discrete body, 
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contribute to the caudalmost pericardial sac; (2) a diaphragmatic 
part, which will form most of the sternocostal diaphragm, including 
the central tendon, and (3) a hepatic part, which forms the meso- 
dermal part of the liver within the ventral mesentery. [From Moore 
& Persaud (2003), Fig. 12-1B, p. 256, with permission ofthe author]. 
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of branching, the intrahepatic afferent 
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distances between the corresponding 
branches of the efferent vessels (cen- 
tral and hepatic veins, not shown in this 
figure). [From Agur & Dalley (2005), Fig. 
2.54A, p. 148, with permission of the 
authors]. 

generation of the occluding cells, starting from the 
duodenal end. Incomplete recanalization results in a 
septated common duct. Ductal atresia, the most serious 
affliction of the neonatal biliary system occurring in 1 
of every 10-15,000 births, was formerly considered to 
be a malformation due to a failure to recanalize. How- 
ever, it is now thought to be a secondary phenomenon, 

resulting from an inflammatory process that leads to 
sclerosis of recanalized ducts - most likely a viral infe- 
ction during late fetal development [9]. By the early 
6th week, the developing ventral and dorsal pancreatic 
masses lie adjacent within the dorsal mesentery, and 
by the end of the week the two have fused to form the 
definitive pancreas (fig. 1.3D). 

By the 6 mm stage, nearly the entire flow from the 
umbilical veins has been diverted from the caudal end 

of the heart to the expanding liver, flowing into the 

venous channels that will become the sinusoids within 
the investing cellular matrix. The investing parenchy- 

ma is at first three to five cells thick between blood 

channels. With growth of the vascular tree and sinu- 

soids, this is reduced to a single layer. 
Definitive liver structure is determined by two gui- 

ding principles: (1) achieving maximum interdigitation 
of afferent and efferent vessels at relatively uniform 

distances throughout the substance of the liver, and (2) 
surrounding sinusoids with a single layer of hepatocy- 
tes, so that each hepatocyte has at least two sinusoidal 
surfaces. The first of these applies at both the gross and 
microscopic levels. At the gross level, it results in (A) 
the division of the liver into true right and left parts, 
based on the secondary (right and left) branching of 
the vessels, and (B) the formation of 8 hepatic seg- 
ments, based on the tertiary and 4th level branching 
[10] (fig. 1.6 & 1.7). The hepatic segments center on 
intrasegmental afferent vessels separated by the extra- 
polated "planes" (scissura) defined by the intersegmen- 
tal efferent vessels. Since the macroscopic biliary drai- 
nage (intrahepatic ducts) is affiliated with the afferent 
vessels in the form of triads, the development of the 
intrahepatic biliary ducts follows the branching pattern 

of the portal vein radicles [11], the principle of vascu- 

lar interdigitation effects the biliary drainage as well as 

the hepatic blood flow. 
The second guiding principle of liver structure is at 

the microscopic (cellular) level. It, too, is significant 

regarding the biliary system. As the generally single- 
cell thick muralium of hepatic parenchyma develops, 
bile canaliculi-the intercellular spaces that initially 
carry bile- form between the attached, non-sinusoidal 
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matic surface by an imaginary line (Cantlie l ine- Cantlie, 1898) running from the notch for the fundus of the gallbladder to the IVC. The right 
and left livers are subdivided vertically into medial and lateral sectors by the right portal (2) and left portal (umbilical) (3) fissures, in which the 
right and left hepatic veins lie. The left portal fissure is demarcated externally by the falciform ligament and the left sagittal fissure. The right 
portal fissure has no external demarcation. Each division receives a secondary (2) branch of the portal triad (a portal pedicle). [Note: the me- 
dial sector of the left liver is part of the right anatomical lobe; the lateral division of the left liver is the same as the left anatomical lobe.] A 
transverse plane at the level of the horizontal parts of the right and left branches of the portal triad (4) subdivides three of the four sectors 
(all but the left medial sector), creating six hepatic segments receiving tertiary branches. The left medial sector is also counted as a hepatic 
segment, so that the main part of the liver has seven segments (segments II through VIII, numbered clockwise). The caudate lobe (segment I, 
bringing the total number of segments to eight) is supplied by branches of both right and left divisions and drained by its own minor hepatic 
veins. Each segment thus has its own intrasegmental blood supply and biliary drainage. The hepatic veins are intersegmental, draining the 
portions of the multiple segments adjacent to them. [From Moore & Dalley (2006), Fig. 2.52, p. 294, with permission of the authors]. 

surfaces of the hepatocytes (fig. 1.8). The prevailing di- 
rection of the bile canaliculi thus parallels the hepatic 
sinusoids, although the intrahepatic flow is counter- 
current to that of the blood at all levels. 

Approaching the end of the embryonic period, du- 
ring weeks 6-8, the left side of the liver undergoes pe- 
ripheral regression while the right side increases mar- 
kedly in size. The liver accounts for 10% of body mass 
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Fig. 1.8. This view of a small section of a classic hepatic liver "lobule" illustrates the components of the interlobular portal triad and the positio- 
ning of the sinusoids and bile canaliculi. The enlarged view of the surface of a block of parenchyma removed from the liver demonstrates the 
hexagonal pattern of "lobules", and the place of the detailed figure within that pattern. [From Moore & Dalley (2006), Fig. 2.53A, p. 296, with 
permission of the authors]. 

at the beginning of the fetal period, although this de- 
creases to 5% by the time of birth. The pancreatic ducts 
fuse, the dorsal duct (Santorini's) forming the distal por- 
tion of the definitive duct within the pancreatic tail and 
body, and the ventral duct (Wirsung's) comprising the 
proximal duct within the head of the pancreas (fig. 1.9). 

At approximately the 12th week, the hepatocytes 
begin to produce bile, primarily through the break- 
down of hemoglobin. The bile drains through the new- 
ly formed biliary system and the gallbladder begin its 
task of storing the secretion. Release bile stains the in- 
testinal contents (meconium) a dark green [12]. 

1.2.  Surg ica l  A n a t o m y  

The biliary tree is the system of conduits of increasing 
diameter that bile flows through as it travels from he- 
patocytes to the gallbladder (in those mammals that 
have them) and ultimately into the duodenal lumen. 

Normal human hepatic tissue, when sectioned, is 
traditionally described as demonstrating a pattern of 
hexagonal-shaped liver 1obu]es (fig. 1.8). Each lobule has 
a central vein running through its center from which 
sinusoids (large capillaries) and plates of hepatocytes 
(liver cells) radiate toward an imaginary perimeter 
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Fig. 1.9. Extrahepatic bile passages and 
pancreatic ducts. The gallbladder and 
part of the cystic duct have been ope- 
ned to demonstrate that the mucous 
membrane of the gallbladder has a low, 
honeycombed surface, whereas the cy- 
stic duct has a sinuous lumen, with its 
mucous membrane forming a spiral 
fold (spiral valve). The right and left he- 
patic ducts are most commonly formed 
within the liver by a merging of the seg- 
mental/sectorial ducts from the right 
and left livers. In 95% of people, the he- 
patic ducts merge outside the porta he- 
patic to form the common hepatic duct. 
After passing posterior over the superior 
aspect of the 1st part of the duodenum, 
the cystic duct typically unites with the 
common hepatic duct to form the (com- 
mon) bile duct. The bile duct descends 
posterior to the 1st part of the duode- 
num and head of the pancreas to enter 
the 2nd part of the duodenum from the 
left, merging with the main pancreatic 
duct to form the hepatopancreatic am- 
pulla. [From Agur & Dalley (2005), Fig. 
2.37, p. 130, with permission of the au- 
thors]. 

extrapolated from surrounding interlobular portal triads 
(terminal branches of the portal vein and hepatic arte- 
ry, and initial branches of the biliary ducts). Although 
commonly said to be the anatomical units of the liver, 
classic hepatic "lobules" are not structural entities; in- 
stead, the lobular pattern is a physiological consequen- 
ce of the interdigitation at the finest level of the affe- 
rent and efferent vessels and the pressure gradients 

between them, and is altered by disease affecting the 

gradients. Because the bile ducts are not central, the 

hepatic lobule does not represent a functional unit like 

acini of other glands. However, the hepatic lobule is a 

firmly established concept and is useful for descriptive 
purposes [ 13]. 

Hepatocytes secrete bile into the bile canaliculi for- 

med between them. The canaliculi are well-defined 
intercellular spaces formed by apposed grooves in the 
adjacent non-sinusoidal surfaces of hepatocytes. The 
canaliculi are approximately 0.5 lJm in diameter and 
drain centrifugally relative to the classic lobule. As they 
approach the portal areas (but still within the extrapo- 
lated boundaries of the lobule), bile canaliculi merge 
to form short intrahepatic ductules (canals of  Hering), 
which may be said to be the finest branches (tributa- 

ries) of the biliary tree formed of non-hepatocytic 

cells. Relatively recent studies of ductular response to 

liver necrosis suggest, however, that the epithelial cells 

of the ductules may consist of or harbor hepatic stem 
cells [14]. 

With a caliber of about 1.0 tol.5 lam, the ductules 
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Fig. 1.10. The cystic artery supplies much of 
the extrahepatic biliary system (gallbladder, 
cystic and common hepatic and upper bile 
duct). Here the cystic artery is typical in arising 
from the right hepatic artery, but is doing so 
outside of the cystohepatic triangle, passing 
anterior to the common hepatic duct. Note 
that  here it overlies the right hepatic duct, di- 
stal to which a right sectorial duct emerges 
from the bed of the gallbladder to enter the 

common hepatic duct. [From Agur & Dalley 
(2005), Fig. 2.54B, p. 148, with permission of 
the authors]. 

convey the bile to the portal areas where they drain to 
the smaller interlobular biliary ducts and then into 
large collecting bile ducts of the intrahepatic portal 
triad. These ducts range from 15 to 40 lam in diameter, 
with an epithelium that is cuboidal in the smaller ducts 

but thickens to columnar in the larger ones. As the 
ducts increase in size, the gain an increasingly dense 
investment of connective tissue, with an increasing 
number of elastic and then smooth muscle fibers as 
they approach the hilum of the liver. 

Collecting ducts merge to form segmental and/or 
sectorial bile ducts. The sectorial ducts and their tri- 
butaries from the divisions or numbered segments of 

the liver join in a remarkably predictable pattern on 

the left, but have a much more unpredictable arrange- 
ment on the right. The right posterior (or lateral) 

sectorial duct usually drains segments VI and VII; the 

right anterior (or medial) sectorial duct usually drains 

segments V and VIII (fig. 1.7) [15]. The sectorial ducts 
formed within the right and left livers, respectively, 
merge to form a very short right and a much longer left 
hepatic ducts that most commonly emerge from the 
liver at the right end of the hilum (porta hepatis) (fig. 

1.9 & 1.10). The right and left hepatic ducts thus typi- 
cally drain the right and left (parts of the) liver, respe- 
ctively. Right and left hepatic ducts unite near the hi- 
lum of the liver (within the substance of the liver in ap- 
proximately 5% of individuals [17]) to drain into the 
common hepatic duct. Variations are frequently encoun- 
tered, however. While most commonly the right seg- 
mental ducts unite to form a right hepatic duct, which 
in turn joins the left hepatic duct, in 20-30% of indi- 
viduals the right posterior sectorial duct drains into the 
left hepatic duct (fig. 1.11A), and less commonly (3%) 
the right anterior sectorial duct drains into the left [18] 
(fig. 1. llB), or the two right sectorial ducts may join the 

left in a trifurcation [19] (6-12%- fig. 1.11C). In about 
a third of individuals, the right anterior segmental duct 

lies directly in the bed of the gallbladder, and may 
account for a postoperative bile leak. Intrahepatic bile 

ducts, along with the accompanying branches of the 
hepatic artery, usually course on the anterior aspect of 

the branches of the portal vein that they accompany, 
with the ducts superior [20]. 

The common hepatic duct usually carries all bile 

from the liver. Anomalous extrahepatic bile ducts are 
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Fig. 1.11. Variations of the extrahepatic biliary sy- 
stem. A & B. Accessory hepatic ducts (aberrant 
r igh t  sectorial ducts). C. Variations of hepatic 
ducts. D. Low formation of the bile duct. E. High 
formation of the bile duct. F Sinuous cystic duct 
merging with the common hepatic duct from t h e  

left side. G. Variations in the formation of the gall- 
bladder- folded and partially duplicated. [A, B & G 
from Agur & Dalley (2005), Fig. 2.59D-G, p. 151; C- 
F from Moore & Dalley (2006), Figs. B2.21 & B2.22, 
p. 304, with permission of the authors]. 

found in about one-tenth of the population, however. 
They may attach anywhere along the extrahepatic duct 
system. These anomalies are also most common on the 
right side, including the occasional duct of Luschka, 
also located within the bed of the gallbladder, that 
drains directly into the cystic duct [21] (fig. 1.11A). If 
such a duct is mistaken for the cystic duct and ligated, 
an area of the liver may be obstructed. 

The common hepatic duct is typically about 3 cm 

long, with a wall that includes all the layers of the 

alimentary canal except the muscularis mucosae. It 

merges with the cystic duct to form the bile duct 

(formerly, common bile duct) that conveys the bile to 
the duodenum (fig. 1.9). 

When the sphincter of  the bile duct (ductus chole- 

dochus- fig. 1.12) is closed, bile backs up in the bile and 
cystic ducts, filling the gallbladder where bile is stored 
and concentrated between meals. Although parasy- 
mpathetic innervation can open the sphincter of the 

bile duct [and the weaker sphincter of the hepatopan- 
creatic ampulla (Oddi)] and contract the gallbladder, 
typically these are hormonally-regulated responses to 
fat entering the duodenum, dumping the accumulated 

bile into the duodenum. The cystic duct, then, is a two- 

way connection between the common hepatic duct and 

the gallbladder. The mucosa of the neck spirals into a 

fold, the spiral fold (spiral valve) [22] (fig. 1.9). The 

spiral folds help to keep the cystic duct open; thus bile 

can easily be diverted into the gallbladder when the 

distal end of the bile duct is closed or pass to the duo- 
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Fig. 1.12. The bile duct and pancreatic duct merge to form the hepa- 
topancreatic ampulla, which opens into the descending (2nd) part 
of the duodenum. The sphincter of the bile duct (choledochal sphin- 
cter) controls the flow of bile while the weaker sphincter of the he- 
patopancreatic ampulla prevents reflux from the duodenum. [From 
Moore & Dalley (2006), Fig. 2.53C, p. 296, with permission of the au- 
thors]. 

denum as the gallbladder contracts. The fold also offers 
additional resistance to sudden dumping of bile when 
the sphincters are closed, and intraabdominal pressure 
is suddenly increased, as during a sneeze or cough. The 
cystic duct passes between the layers of the lesser omen- 
tum, often parallel to the common hepatic duct [23]. 

Cystic duct(s) can vary in shape, length, and num- 
ber. The junction of the cystic duct and gallbladder, 
the observation of which is critical during laparoscopic 
cholecystectomy, may be abrupt and distinct, or tape- 
red and indefinite. The cystic duct's length is variable 
(most commonly 3-4 cm), and it may be convoluted 
and folded on itself. In cholecystectomy, it may be 
beneficial to divide the cystic artery first to enabling 
straightening to gain more length from a folded duct. 

Accessory communications between gallbladder and 
duct may occur, either anomalous or consequent to 
stone erosion (Mirizzi syndrome [24]). Duplication of 
the cystic duct is rare, and must be distinguished from 

a Luschka duct. 
The typically pear-shaped gallbladder is usually 

attached to the visceral surface of the liver by a fusion 
fascia (continuous with the fibrous Glisson capsule of 
the liver), with its fundus projecting from the liver's 

inferior border against the anterior abdominal wall at 
the intersection of the transpyloric plane and right 

midclavicular line (fig. 1.13) [25]. Its body and infundi- 

bulum and the cystic duct commonly surround the 1st 
part of the duodenum of three sides (anterior, supe- 
rior, posterior), and in cadavers bile commonly stains 
these aspects of the duodenum bearing testimony to 
the relationship. In this position, its fossa provides an 
estimate of the divide between right and left livers on 
the visceral surface of the liver. Cantlie's line [26] 

(from IVC to notch for gallbladder fundus) demarcates 
the division on the diaphragmatic surface of the liver 

(fig. 1.7). When so attached to the liver, veins from the 
fundus and body pass directly into the visceral surface 
of the liver and drain into the hepatic sinusoids [27] 

(fig. 1.14). Since this is drainage from one capillary (si- 
nusoidal) bed to another, it constitutes an addition (pa- 
rallel) portal system. Cautery of these veins is often ne- 
cessary following retraction of the gallbladder from 
the fossa. In the typical position, the unattached surfa- 
ces of the gallbladder are completely invested with 
peritoneum that is continued from the hepatic surface. 
Occasionally it is complete invested by peritoneum or 

suspended from the liver by a short mesentery ("mobi- 
le gallbladder", found approximately 4% of the time) 
[28]. Less commonly the gallbladder may be complete- 
ly intrahepatic, on the visceral surface of the left lobe, 
or directed posteriorly into the hepatorenal recess of 
the subhepatic space (Morison pouch). The gallbladder 
itself may exhibit constrictions or be folded on itself 
forming a phwgian cap [29] (fig. 1.11G). Constrictions 
may be mistaken for the cystic duct, resulting in in- 
complete removal of a gallbladder. Partial internal se- 
ptations and diverticula may be encountered and, less 
commonly, partial or complete duplications of the 
gallbladder. In the latter case, independent cystic ducts 

may enter any of the extrahepatic biliary ducts. 

The bile duct forms in the free edge of the lesser 

omentum, most often by the union of the cystic duct 
and the common hepatic duct, superior to the duo- 
denum (fig. 1.9). The length of the bile duct varies from 

5 to 15 cm (most commonly, 7 cm), depending on 

where the cystic duct joins the common hepatic duct. 

The bile duct descends posterior to the superior (first) 

part of the duodenum (fig. 1.11D & 1.13) and lies in a 

groove on the posterior surface of the head of the 
pancreas. On the left side of the descending (second) 
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part of the duodenum, the bile duct comes into contact 
with the main pancreatic duct. These ducts run obli- 
quely through the wall of this part of the duodenum, 
where they unite to form the hepatopancreatic ampulla 
(Vater), the dilation within the major duodenal papilla 
(fig. 1.12). The distal end of the ampulla opens into the 
duodenum through the major duodenal papilla. 

Although the cystic duct usually joins the supraduo- 
denal bile duct, it may join the biliary ducts at any 
location, including the junction of the hepatic ducts, or 
an aberrant hepatic duct (most commonly on the right) 
(fig. 1.11A, B, D-F). In about a third of individuals, a 
variable length of the cystic and common hepatic ducts 

run adjacent and parallel before merging, often bound 
together by a connective tissue sheath of varying den- 

sity. Cholangiography may be required to determine 
the actual junction. Occasionally, the cystic duct enters 
the bile duct posteriorly or on the left side, passing po- 
sterior to the common hepatic duct to do so. 

The gallbladder, cystic duct and uppermost bile 
duct are supplied by the cystic artery, a branch usually 
arising from the right hepatic artery, to the right of the 

common hepatic duct within the cystohepatic triangle 
(base of liver, cystic duct, and common hepatic duct, 
as opposed to the Calot triangle, in which the cystic 
artery replaces the base of the liver) [30] (fig. 1.10). In 
the 25% of individuals in whom the cystic artery arises 
outside of the cystohepatic triangle, it may arise from 
any portion of the hepatic artery and usually passes 
anterior to the hepatic duct. Venous drainage is of the- 
se structures is primarily via cystic veins that accompa- 

ny the cystic artery and enter the portal vein [31]; 
however, veins from the portions of the fundus and 
body contacting the liver comprise a separate mini- 
portal system, mentioned previously (fig. 1.14). 

The biliary tree is particularly rich in both the num- 
ber and variety of variations, with the "normal" pattern 
occurring less than 70% of the time [32, 33]. 
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2 .1 .  I n t r o d u c t i o n  

The exterior morphology of the liver and the intrahe- 
patic ramifications of its vasculature has been a subject 
for study throughout the ages. From historical data, 
which Stieda refers to, images of the liver come into 
light during the Babylonian era, i.e., 4-5000 B.C. [1]. 

One of the first reports concerning the study of the 
liver and its vessels anatomy is the monograph of Glis- 
son in 1654 [2]. Through his famous Tables, Glisson 
was able to depict the course and the arrangement of 
the vessels of the liver (fig. 2. l b, 2. lc). We should not 
forget that his work constitutes the basic preliminary 
study on which our further knowledge has been sup- 
ported on the anatomy of the liver. 

Since then, lots of works have been published, main- 
ly referring to the Glissonian system. Hyrtl (1873), Rex 
(1888), Goldsmith and Woodburn (1957), Hjortsjo 
(1948-1956), Elias and Petty (1952), Healey and Schroy 
(1954), Gans (1955) and Couinaud (1953-1957) are so- 
me of the people that have advanced our knowledge 
on the liver anatomy [3, 4, 5, 6, 7, 8, 9, 10, 11]. 

2 .2 .  E m b r y o l o g y  

Embryologically, the liver originates from a diverticu- 
lum of the fetal gastric tube [12, 13]. We distinguish a 
head, which is going to be differentiated to the hepatic 
parenchyma and the intrahepatic biliary ducts, as well 
as an abdominal part, which will form the gallbladder 
and the extrahepatic biliary vessels. Almost just after its 
formation, the part of the hepatic diverticulum protru- 
des cells in the visceral mesoblast. Those rapidly proli- 
ferating cells, form a mass that occupies a space bet- 

ween the pericardial cavity and the omphalo-enteric 
pedicle of the omphalic vesicle. From the beginning, 
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Fig. 2.1. Schematic evolution of the Omphalic and Vitelline or Ompha- 
Io-enteric vessels in the region of the liver during embryonic life. (A) 
Sagittal and (B) Transversal section at the region of the liver. (F) Ab- 
dominal aspect in a fetus of 3-5 weeks. (C) Four week fetus (D) Five 
week fetus (E) Six week fetus & (G) 7 week fetus and older. 
1. Primitive enteric tube. 2. Hepatic diverticulum as well as diverti- 
culum of extrahepatic biliary ducts. 3. Umbilical veins. 4. Vitelline or 
Omphalo-enteric veins. 5. Sinusoids of the liver. 6. Duct of Cuvier. 7. 
Portal vein. 8. Splenic and upper mesenteric vein junction, for the 
formation of the portal vein. 9. Anastomoses between Vitelline or 
Omphalo-enteric vessels. 10. Venous or Arrandius duct. 11. Hepatic 
veins. 12. Cardinal veins. 

the hepatic diverticulum is next to the pair of ompha- 
lo-enteric or vitelline veins, which extend parallel to 

the enteric tube. The afore mentioned veins give bran- 
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ches to the mass of the proliferating hepatic cells and, 

with anastomosis between themselves, form the sinu- 

soids of the liver, which give the spongy aspect to the 

hepatic parenchyma. Therefore, in an embryo of 5 

mm, the liver consists of a semilunar mass, which is 
found and grows upwards and towards the abdominal 

cavity from the gut. The two lateral extensions of the 

initially semilunar liver come in contact with the om- 

phalo-enteric or vitelline veins, which they finally get 

enclosed within. 

At the beginning of the embryonic life of the cye- 

ma, there are three vein systems (pairs), [3] i.e.: 1st the 

pair of Omphalic veins, originating from the chorion; 

2nd the pair of Omphalo-enteric or Vitelline veins, ori- 

ginating from the omphalic vesicle and 3rd the pair of 
Cardinal veins, originating from the body of the foetus. 

The latter extrude in the sinus venosus of the fetal 

heart from a common stem, called duct of Cuvier (fig. 
2.1). The continuously enlarging liver obviously largely 

affects the final formation of both the umbilical and the 

vitelline veins, from which finally the system of the 

Portal vein as well as the Hepatic veins originate. 

The pair of the Vitelline veins follows the umbilical 

duct and enters the body of the foetus, in a capital cour- 

se, parallel to its enteric tube and finally extruding in 

the sinus venosus. During the 4th fetal week, the me- 

dium part of the vitelline veins develops -both within 
the vitelline veins and within the liver- multiple ana- 
stomoses, which consist later the sinusoids of the liver. 

Upon the developmental evolution, the vitelline veins 
form more anastomoses, especially three bearing parti- 

cular significance. The first is formed capitally and 
within the liver. The second-median is formed out of 
the liver and below the duodenum and the third one is 

sited caudally to the other two and above the duode- 
num. The latter two form a kind of ring around the 
duodenum, the remaining part of which after the evo- 

lution, has the shape of an S and forms the Portal vein, 
which meets the Upper Mesenteric and the Splenic 
vein (fig. 2.2). 

The capital part of the vitelline ve ins - found  bet- 

ween the sinusoids and the sinus venosus- and, espe- 

cially, the branches-originat ing from the remaining 

stem of the right vitelline vein- consist the Hepatic 
veins. The Umbilical veins, bringing blood from the 
placenta through the umbilical cord, extrude in the si- 

nus venosus. As the liver grows laterally, the umbilical 
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Fig. 2.2. Relations of the veins in human liver upon birth. 

veins come rapidly in contact with it and their blood, 

finding a shorter course, enters directly the heart 

through the hepatic sinusoid. When all the blood of the 

umbilical veins enters the liver, and this happens in a 

foetus of 6 mm, the whole right and the central part of 

the umbilical veins become atrophic and they soon 
disappear. In the  7 mm foetus, the remaining distal 
part of the left umbilical vein is already large enough 
and remains like that until birth, when it occupies the 
free end of the falciform ligament and post-foetally 
forms the round ligament. 

Due to the fact that the initial course through the 
right vitelline vein within the liver is larger than the 
left one, the blood from the left umbilical vein follows 
this easier larger course towards the heart. But, as the 
right lobe of the liver increases, the length of the hae- 
matic course increases continuously, thus forming a 
diagonal haematic flow, independent of the flow of the 

hepatic sinusoid towards the heart. This diagonal cour- 

se is the so called duct venosus, which represents the 

direct haematic course between the placenta and the 
heart, bypassing at a certain degree the sinusoid of the 

liver. Thus, the left umbilical vein from one part, sends 

through the venous duct blood directly to the heart 
and, from the other, sends and receives an anastomotic 

branch towards the portal vein (fig. 2.2). 
The foetus receives blood from its mother through 
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the umbilical vein, which continues as a venous duct 
up to the heart, bypassing the sinusoids of the liver. As 
the development of the liver lobes continues, the ve- 

nous duct is shifted abdominally out of the hepatic pa- 

renchyma, occupying the left sagittal sulcus. Just after 
delivery, probably due to the presence of a sphincter 

mechanism, the venous duct closes and the round liga- 

ment is formed. This ligament includes the obstructed 

umbilical vein and ends at the umbilicus, where the 
lateral umbilical ligaments begin, including the resi- 
dues of the umbilical arteries, which are branched at 

the anterior abdominal wall and communicate with the 

hypogastric arteries. 

2.3. Liver Topography and Gross Anatomy 

2.3.1. General Description and Topography 

The liver is the biggest of the body's organs, weighs 

1400-1600 g in adult men and 1200-1400 g in women, 

representing about 1/40 of the total body weight. Du- 

ring the neonatal period, when the liver weighs about 

150 g, it is relatively bigger (about 1/20 of the total 
body weight) and occupies 2/5 of the abdomen, a fact 
that is mostly due to the left lobe, which is bigger [14, 

15, 16]. 
The liver is in the upper abdomen and occupies the 

right hypochondrium and part of the epigastrium. Its 
left lobe-varying in size from one person to the other- 

may extend to the left hypochondrium (fig. 2.3). In a 

normal person, upon deep inhalation, the lower liver 

edge can be sometimes palpated below the right costal 
margin. Alterations of the liver size, position, consisten- 
cy, as well as the presence of oncotic processes in its 
parenchyma can modify the palpation site of its lower 
edge. Upon percussion, it is proper to assume that the 
lungs cover the upper part of the liver and, respective- 
ly, we can assume that the liver covers part of the inte- 
stine (right colic loop, part of the small intestine), as 
well as parts of the stomach. 

The liver projections on the body surface differ de- 

pending firstly on the position of the person examined 

and secondly on the person's body shape; especially 

on the thorax shape itself. The liver is under the dia- 

phragm and the upper edge of the fifth rib, about one 

centimeter below the breast nipple, in men, by the 

right lateral line of the body. The upper edge of the left 

Fig. 2.3. Liver projections on the body' surfaces. (A) Anteroposte- 
rior. (B) Posteroanterior. 

lobe protrudes at the level of the upper edge of the 
sixth rib and at this site only the diaphragm separates 
the liver and the apex of the heart. Part of the left lobe 

is covered by the sides of the left hypochondrium (fig. 

2.3). 
In the epigastrium, the liver is not covered by the 

thoracic wall and extends at about three to four fingers 

below the level of the xiphoid process at the midline. 

The anterior edge of the liver is parallel to the right co- 

stal margin and at times at the level of the right lateral 
lime of the body, approximately at the level of the py- 
lorus, crossing it. Villemin et al have studied extensive- 
ly the morphologic and topographic variations of the 
normal organ [17]. 

2.3.2. Liver Ligaments and Surfaces 

The liver shape is that of a triangular pyramid, the top 

of which is formed by a thin flattened part, the left lo- 

be. The base is formed by its right lateral surface, which 
is located under the right septum and the right thoracic 

wall. The sides of the pyramid are formed by its ante- 

rior, posterior and lower surfaces. The bounder bet- 

ween the anterior and lower surface is the anterior ed- 
ge of the liver. The liver is covered by peritoneum, ex- 
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Fig. 2.4. Anterior (A) and inferior (B) 
surface of the liver (Modified. From 
"The ClBA collection of Medical illu- 
strations" Frank Netter, 1957 with 
permission of Novartis). 

cept of the gallbladder region, the hilum, the region 
surrounding the course of the inferior vena cava and a 
region in contact to the right adrenal gland. The perito- 
neal reduplications, which extend from the anterior 
abdominal wall and the diaphragm to the liver, form 
the ligaments of the organ that maintain the organ at its 
place [ 14, 15]. 

The horizontal reduplication of the peritoneum 
forms the coronary ligament, which becomes visible if 

we pull the liver downward, away from the diaphragm 

(fig. 2.4). The free right edge of the coronary ligament 
forms the right triangular ligament, while its left end 
forms the left triangular ligament, which adheres to the 

apex of the left lobe and reaches the Fibrous Process of 

the liver, which is steadily adhered to the diaphragm. 
This process represents a shrunk part of the left lobe, 
which in the neonate contains hepatic substance and in 
the adult only residues of biliary ducts (aberrant bile 

ducts) and blood vessels. At the median part of the co- 

ronary ligament, another peritoneal reduplication be- 
gins, formed by the Falciform ligament; the said redu- 
plication extends from the liver to the anterior abdo- 
minal wall and between the diaphragm and the umbi- 
licus. The lower edge of the ligament forms the round 
ligament that ends at a groove vertical to the lower li- 
ver surface, which as it continues backwards as a sul- 
cus meets the umbilical vein or its residues. 

If the anterior edge of the liver is turned upwards, 

the hepatogastric ligament (lesser omentum) is revea- 

led, (fig. 2.5). This hepatogastric ligament is formed by 
a reduplication of the peritoneum, which extends from 

the first part of the duodenum, the minor ventriculi arch 
and the diaphragm towards the liver, reaching the hi- 
lum and the left sagittal sulcus of the posterior surface. 

At this point, the two laminae of the peritoneum se- 
parate in order to allow the passage of vessels entering 

the liver and coming out of it. At the right free end of 

the lesser omentum its laminae that meet again are rein- 
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Fig. 2.5. Lifted anterior margin of the liver 

and anatomic relations to upper GI organs 
(Modified. From "The CIBA collection of 
Medical illustrations" Frank Netter 1957, 
with permission of Novartis). 

forced in order to form the hepatoduodenal ligament, 

which constitutes the anterior wall of the epiploic fora- 

men (Winslow's foramen), through which one can en- 

ter the lesser sac. The posterior wall of this cavity con- 

sists of the inferior vena cava and the caudate lobe of 

the liver. Adjacently to the right edge of the hepato- 

duodenal ligament, is the course of the biliary duct, on 

its right is the hepatic artery and behind of them two is 
the portal vein (fig. 2.5). 

The lower surface of  the liver is separated from the 

posterior one by the posterior lamina of the coronary 

ligament on the right and by the adherence of the les- 

ser omentum on the left. It presents two sagittal sulci, 
the right and the left sulcus and a transversal one: the 

hilus of the liver (fig. 2.4). The hilus of the liver contains 

the portal vein, the branches of the hepatic artery and 

the biliary duct, as well as lymph vessels, lymph nodes 

and nerves. The left sagittal sulcus, which is at times 

enclosed in a tube, anteriorly contains the round liga- 

ment and posteriorly, as it is narrow, receives a fibrous 

bundle, the venous ligament; at its one end it continuous 

to the round ligament and at the other to the left hepa- 

tic vein. This venous ligament represents the obstru- 

cted branch of the umbilical vein (ductus venous or 

Arandius duct), through which, in the foetus, part of 

the blood of the umbilical vein is transported through 

the left hepatic vein directly to the inferior vena cava, 

bypassing the hepatic circulation. The right sagittal sul- 
cus, which is larger, acting like a fossa, receives in front 

the gallbladder and contains posteriorly the inferior 

vena cava and the junctions with the hepatic veins. The 

lower and posterior surface of the liver present collicu- 

li due to the presence of various grooves, as well as va- 

rious impressions from the adjacent organs. Among 

the two sagittal sulci and the hilae of the liver, the 

square part is in front and the caudate or spiegelian lo- 

be is at the back. Its forward extension, separating, as 

an oblique right crest, the fossa of the inferior vena ca- 
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Fig. 2.6. Arterial blood supply of the li- 
v e r -  Anterior view. (Modified. From 
"The ClBA collection of Medical illustra- 
tions" Frank Netter 1957, with permis- 

sion of Novartis). 

va from the cystic, is called caudate process (fig. 2.4). 

On the lower surface of the liver and, specifically on its 
right part, three impressions are produced: the colic, 
from the right colic loop and the transverse colon; the 
duodenal, from the descending part of the duodenum; 
and the renal, from the right kidney. On the median 
part, of the square lobe, the pyloric impression is pro- 
duced, corresponding to the pyloric part of the stomach. 
Finally, on the left part, the gastric impression is seen, 
produced by the anterior surface of the stomach. 

On the posterior surface of the liver, on the right 

part, there is a triangular impression by the inferior ve- 

na cava and the adrenal gland, just behind the renal 

impression; on the left, there is a groove-like impres- 
sion, the oesophageal impression, which corresponds 

to the celiac part of the oesophagus. 

2.3.3.  Vascular Elements  

2.3 .3 .1 .  Hepatic Ar tery  

The exceptionally interesting studies by Michels (1953- 
1955) showed a certain variety in what concerns the 
arterial blood supply to the liver and the extrahepatic 
biliary ducts [18, 19]. According to the conclusions of 
the afore mentioned researcher, typically, in a 55% of 
the cases of cadavers examined, the celiac artery or 
axis, was a very short, thickened arterial stem, origina- 
ting from the abdominal aorta almost just below the 

aortic foramen of the diaphragm. It extends horizontal- 

ly forwards and then it divides almost immediately in 

three branches: the left gastric, the splenic and the he- 

patic artery(fig. 2.6) [20]. 
The hepatic artery, a medium size branch, follows a 

forward course to the right, in order to enter the right 
edge of the lesser omentum in the hepatoduodenal li- 
gament, occupying a position on the right of the biliary 
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Fig. 2.7. Portal Circulation (Modified. From "The 

ClBA collection of Medical illustrations" Frank 

Netter  1957, with permission of Novartis). 

duct and in front of the portal vein. Along its course to 
the hilus of the liver, the duodenogastric, the upper 
duodenal and the right gastric arteries originate. After 

the origin of the right gastric artery, its continuation is 
known as Common hepatic artery, which is usually di- 
vides in right, left and median artery; the latter usually 

originates from the left one. In general, the right hepa- 
tic artery passes behind the biliary duct in order to en- 

ter the triangle of Calot, which is formed by the biliary 
duct, the cystic duct and the liver [21]. 

Healey reports that in 56% of the cases the hepatic 
artery was solitary [22]. This percentage concords with 
Michels' conclusions, who, in a study of 200 cadavers 
found a solitary hepatic artery in a percentage of 58,5%. 
At times, branches of the hepatic artery can be found 
very short or totally absent; in case they are absent, a 

pair of vessels may replace the absent branch. An ecto- 

pic origin of a hepatic artery or of one of its branches 

can be on the left of the gastric or celiac artery or of 
the upper mesenteric artery. 

Healey, in their series observations, found small 

anastomotic branches among the left and right hepatic 

artery, at a percentage of 25% [22]. However, these 

anastomoses, were extraparenchymal, subcapsular and 

very small, localized as follows" 

(a) At the region of the hilae, by the base of the cauda- 

te lobe and tiny branches of arteries of the parame- 

dian lobes bilaterally or even between the two arte- 

ries of the caudate lobe. 
(b) At the left sagittal sulcus among the branches of the 

left paramedian and the left lateral lobe. 
(c) On the right of the portal vein, between the arteries 

of the caudate lobe and the branch originating at 
the right hepatic artery. 

2.3.3.2.  Porta l  Vein 

The portal vein, which is formed by the junction of the 

upper mesenteric and the splenic vein, is usually loca- 

ted behind the head of the pancreas, at the level of the 

second lumbar vertebra. Its course extends behind the 

first part of the duodenum and continuous on the right 

of the lesser omentum through the hepatoduodenal li- 

gament and then, after dividing in two main branches, 

the right and the left branch, it enters the liver through 

its hilus (fig. 2.7) [14, 16, 23]. 
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Fig. 2.8. Various ways of extrusion of the three hepatic veins in the 
inferior vena cava. The commonest variation is type C. 

The Coronary vein, which is formed by the left ga- 

stric vein and the net of oesophageal veins, extrudes 

too in the portal vein. In addition, it meets the pyloric 

vein, which together with the coronary vein, form a 

loop. The left main branch of the portal vain meets the 

paraumbilical veins and at times one umbilical vein 

presents. 

The Portal vein, through the coronary, the short ga- 

stric veins and the system of the azygos major and azy- 

gos minor on one hand and the lower mesenteric and 

the paraumbilical veins on the other, indirectly com- 
municates with the superior and inferior vena cava, 

by-passing the hepatic circulation. This is of specific 

significance in case of liver impairment, when one 

might say that the afore mentioned bypass consists, at 

least in the first stages, an ideal solution for the circula- 

tion. 

2 .3 .3 .3 .  Hepatic Veins 

The blood is drained from the liver through the hepa- 

tic veins. An anatomic study of the hepatic veins in ca- 

davers showed a large variety in the way they extrude 
in the inferior vena cava. There is always a large right 

Hepatic vein and a smaller one on the left that abduct 

the blood from the respective lobes. The varieties con- 

cern, typically, the rather peculiar behavior of the third, 

i.e., the median Hepatic vein. This does not only differ 

in what concerns the region of its extrusion, but also in 

its relation to the right and left hepatic veins (fig. 2.8) 

[14, 16]. 

Practically and, particularly in the case of an hepa- 

tectomy, the determination of the relation of the me- 

dian to the left hepatic vein is of great interest and it is 

considered favorable if this can be defined before one 

proceeds to the surgical preparation of the hepatic 

veins. 

In addition to the three main hepatic veins, there 

are also two other groups of hepatic veins, called short 

veins. The first group -Left anterior- comes out of the 

caudate lobe, consists of two or three veins and drains 

the venous blood from the caudate lobe only (fig. 2.9). 
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HEPATIC VEINS 
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Fig. 2.9. 

A) Short hepatic veins- First group. 
B) Short hepatic veins- Second group. In the schematic picture, the 
right lobe of the liver has been pushed back by the hand. We can di- 
stinguish the short hepatic veins ligated by their extrusion in the in- 

ferior vena cava. 
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The second group -Right anterior- comes out of the 

celiac part of the right posterior lobe of the liver and 

extrudes directly in the anterior surface of the inferior 

vena cava. Their number varies from 4 to 12 branches. 
In case one of those is quite large, then the size of the 
right hepatic vein is found relatively smaller than usual. 

2 .3.4.  Lymphatics 

Human liver has an abundant network of lymph ves- 

sels, found subserously, as well as deeper [13]. The 

subserous vessels communicate with the lymph vessels 

of the gallbladder. The deeper lymph vessels follow 

the course of the branches of the portal vein and the 

hepatic artery up to their most distal endings. The 

lymph from the lymph nodes that are found by the hi- 

lae of the liver is drained through these vessels. In hu- 
mans, lymph vessels that follow the branches of the 
hepatic veins have been noted, draining lymph from 
the lymph nodes that are found at the end of the infe- 

rior vena cava within the thoracic cavity. 

2.3.5. Innervation 

Sympathetic fibers, issuing bilaterally from the 7th and 

10th thoracic ganglion, meet at the semilunar ganglion 

of the solar plexus with fibers from the right phrenic 
nerve to form the hepatic nervous plexus [14, 16]. This 

surrounds the hepatic artery as a thin wrap, sending 
branches to the biliary duct too. The innervation of the 
arteries is mostly performed evenly by the sympathetic 

and parasympathetic nervous system. Several nervous 

fibers, following the vessels and biliary ducts up to 

their detailed branches, send branches that innervate 
the liver lobuli. These intralobular fibers, which are thin 

and cirsoid, complicate the trabeculae, ending among 
the hepatic cells. 

2.4. Liver Lobes and Segments 

2.4.1. Anatomic Lobes 

The classic descriptions characterize the liver as having 

four lobes: right, left, quadrate and caudate. The liver 

is divided into right and left anatomic lobes by the at- 

tachment of the falciform ligament on the anterosupe- 

rior surface. On the visceral surface of the liver, the fis- 

sures for the ligamentum venosum and ligamentum re- 

res provide the demarcation. The quadrate lobe is de- 

marcated in the visceral surface of the liver by the gall- 

bladder fossa, porta hepatis, and the portoumbilical fis- 

sure (fig. 2.5). The caudate lobe is demarcated by the 

groove for the IVC and the fissure of the venous liga- 
ment. The right portion of the caudate lobe is continuous 
with the right lobe by the caudate process, which forms 
the superior boundary of the epiploic foramen. The 

quadrate lobe has been considered as a subdivision of 

the right anatomic lobe. The authors use the term lobes 
in discussions of quadrate and caudate anatomy as a 

matter of convenience; these structures are not true lo- 

bes [14, 16, 24, 25, 26]. 

2.4.2. Functional Lobes and Segments 

2.4 .2 .1 .  Fissures  

Separating levels of the hepatic lobes and parts based 

on the vessels of the Glissonian system. 

Median Fissure (Cantli's Line) 

The division of the liver in two lobes is possible bet- 

ween the endings of the left and right branch of the 

portal vein [27, 28]. The position of the median fissure, 

which separates the right and left lobes, can be clearly 
defined by filling of the left and right portal vein with 

a Vinyl Acetate solution of different color (fig. 2.13). The 
median fissure starts at the notch of the gallbladder in 
the liver, extends forwards and above the liver and 
ends on the left of the inferior vena cava at the height 
of the extrusion of the hepatic veins. Topographically, 

it starts on the left of the bed of the gallbladder at a 

percentage of 65%, against a mere 8% on its right, 
whereas in a 27% it passes from the middle of the gall- 
bladder. The position of the median fissure in relation 

to the bifurcation of the portal vein was found as fol- 
lows: on the left of the bifurcation in 72% of the prepa- 
rations, on the right in 18% and by the bifurcation in 
10% (fig. 2.10). 

In most cases the median fissure is linear, but in so- 

me it can also be a curve. In general, the median fissu- 

re passes from the middle o f  the caudate lobe and divi- 

des it into a right and left part. From the figure we can 

realize that the square lobe mentioned in the classic 

books belongs to the left lobe. The median fissure is 

constant and separates completely the arterial, venous 

and biliary systems in each lobe. 
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Left Interlobar Fissure 

This fissure divides the left lobe in a paramedian and a 

lateral one. The latter is the one that the classic books 
of anatomy describe as left lobe. This fissure starts by 

the umbilical notch and extends from the front upwards 

and slightly inwards, following a course towards the 

left hepatic vein at the site, it enters the inferior vena 

cava. The adherence of the falciform ligament can be 

considered as the guiding point on the upper surface of 

the liver, although it is often found slightly on its left. 

On the lower surface of the liver, it is indicated by the 

left sagittal sulcus.The left interlobar fissure should be 

considered in most cases linear (fig. 2.11). 

Intrasegmental Fissure of the Left Lobe 

This fissure starts at the point where the left hepatic vein 

extrudes to the inferior vena cava, forming an acute an- 

gle with the left interlobar fissure. Its course is oblique 

and slightly horizontal along the left lateral lobe, ending 

a point found on the edge between the left and median 

third of the rim of the left lobe. It divides the left lateral 

lobe in upper and lower lateral parts (fig. 2.11). 

Right In terlobar Fissure 

The right interlobar fissure divides the right lobe in a 

paramedian and a right posterior one. This fissure starts 

approximately at the point where the right hepatic vein 

extrudes to the inferior vena cava, it follows an obli- 

que, rightward course, ending at a point found on the 

edge between median and right third of the rim of the 

right lobe [29]. The position of the fissure varies signi- 
ficantly, mostly depending on the size of the right pa- 

ramedian lobe (fig. 2.11). 

Intrasegmental Fissure of the Right Lobe 

This fissure starts approximately at the middle of the 

right interlobar fissure, forming with it an angle of about 

800-85 ° (with the opening of the angle looking down), 

and follows an almost transversal course in order to 

end at a point that divides the posterior right lobe in 

upper and lower posterior parts (fig. 2.11). 

2 .4 .2 .2 .  Lobes and Segmen t s  o f  the Liver  
Based on the Vessels o f  the Glissonian Sys tem 

Based on the dividing levels (fissures) of the Glisso- 

nian system, we distinguish in the following lobes and 

segments (fig. 2.12, 2.13, 2.14): 

The liver is divided in two lobes, the Left and the 

Right, divided by a fissure extending from the left rim 

of the impression of the inferior vena cava to the im- 

pression of the gallbladder fossa. This fissure is out- 

right and is not crossed by neither the hepatic artery 

nor the portal or branches of the biliary vessels. 

The right lobe is then divided by the right intralo- 

bular fissure in two lobes, the Right paramedian and 

the Right posterior one; the latter, due to the right in- 

trasegmental fissure can be distinguished in the Right 
posterior upper segment and the Right posterior lower 
segment. 

The left lobe is divided by the left intralobular fis- 

sure, which is on a plane, passing above and along the 

adhesion of the falciform ligament on one hand and 

below and along the left sagittal sulcus on the other, in 

two lobes, the Left paramedian and the Left lateral one. 

The latter is divided by the left intrasegmental fissure 

in the Left lateral upper segment and the Left lateral lo- 
wet segment. 
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The Cauctate lobe, which is delineated laterally by 

the posterior parts of the sagittal sulci and in front by 

the hilae of the liver, is divided by the median fissure 

in a Left and a Right segment ,  each of which has its 

own blood supply from the left and right portal veins 
and the hepatic artery, respectively. 

The dorsal liver sector has been recognized as the 

parenchyma surrounding the vena cava and is quite in- 

dependent of the remaining liver [30, 31, 32]. It is that 

part of the organ in which the hepatic portion of the 

vena cava develops and its venous outflow remains 

strictly connected with the vena cava by means of mul- 

tiple, not dissectable effluents as well as with the main 

hepatic veins. Therefore, this sector is a major shunt 

between the main hepatic veins and the inferior vena 

cava, which enlarges and ensures venous drainage for 

survival, in cases of Budd-Chiari syndrome [33]. The 

dorsal sector consists of two segments: a left one (seg- 

ment I) corresponding roughly to the caudate lobe and 

a right one (segment IX) in front and on the right of 

the vena cava, including the so-called caudate process. 

The identification of a dorsal liver sector and its detai- 

led anatomy is of primary importance for surgical pra- 

ctice, since hilar cholangiocarcinoma at the confluence 
extend to the dorsal sector and makes resection of this 

sector necessary for efficient therapy and due conside- 

ration of the pedicles of segment I and IX is required 

to perform successful hemihepatectomy as well as liver 

partition for split liver grafting [34, 35]. 

At the close of the last century, several investiga- 

tors, including Couinaud and coworkers, used the term 

segment IX for an area of the dorsal sector of the liver 

close to the IVC. In 2002, however, Abdalla, Vauthey and 

Couinaud wrote, "Because no separate veins, arteries, 

or ducts can be defined for the right paracaval portion 

of the posterior liver and because pedicles cross the 

proposed division between the right and left caudate, 

the concept of segment IX is abandoned". The genesis 
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Fig. 2.13. The right (red) and left (blue) lobe of the liver can be clear- 
ly defined by filling of the left and right portal vein with a Vinyl Ace- 
tare solution of different colour. 

Fig. 2.14. Lobes and segments of the liver. Each segment has been 
filled with Vinyl Acetate solution of different colour. 

and death of segment IX is found in articles by Coui- 

naud and other investigators [36]. 

2 .4 .2 .3 .  N o m e n c l a t u r e s  o f  the Lobes  
o f  the L iver  

While all of the researchers agree as far as the intrahe- 

patic division of the liver in lobes and segments is con- 

cerned, on the other hand there is much disagreement 

among them as to the exact borders of the lobes and 

segments as well as their names. 

Mostly, the main disagreement among the various 

writers is whether the left and right paramedian lobes 

should be divided into upper and lower segments. Fur- 

ther more, this disagreement extends to the different 

nomenclatures of the particular lobes and sections of 

the liver [26, 37, 38, 39]. 
Rex (1888) divided the liver in two lobes, a right 

and a left. Each one of them is further divided in to 

two segments (fig. 2.15). He divided the right lobe, by a 

sagittal intrahepatic fissure in two segments, an anterior 

and a posterior one. He completely ignored the trans- 

versal fissure of the posterior lobe that divides it in an 

upper and lower segment. He also spoke of a sagittal 

fissure originating from the left lateral lobe, whereas 

the majority of researchers today agree on the presen- 

ce of a transversal fissure which divides this lobe in an 

upper and lower segment [4]. 

Hjortsjio in 1948, he divided the liver into left and 

right lobes, denying the existence of a transversal fissu- 

re proportional to that of Healey and Couinaud [23]. 

On the contrary, he described a cross-sectional fissure 

at the right paramedian lobe as well as of another simi- 

lar one at the left lateral lobe. 

Healey and Schroy divided the liver into two lobes 

and thereafter each of those divided by a transversal 

fissure and a cross-sectional one, subdividing them 

into sections and areas (fig. 2.15) [8, 9]. 

In the division of the liver into lobes and sections 

by the afore mentioned writers, it is worth noticing the 

marked permanent existence of the transversal fissure 
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by the left and right paramedian lobes, a fact never 

mentioned by other investigators, as Couinaud and 

Gans. Regarding the proposed nomenclature of the se- 

ctions by Healey and Schroy, we dare to say that this 

does not respond to their rational topographic posi- 

tions and this might lead to confusion. Actually, these 

writers named as median, the left paramedian lobe 

subdividing it into upper and lower segments. What 

made them name the left paramedian lobe as median 

and the right paramedian one as anterior, still remains 

without explanation. 

Couinaud in 1954 divided the liver into eight seg- 

ments giving them the latin numbers from one to eight 

[40]. Regardless of the transversal fissure of the right 

paramedian lobe in dispute, the afore mentioned wri- 

ter considered the caudal lobe as a single one, not ma- 

king any mention of its division into two segments. This 

is a most significant detail, as it will be mentioned later 

(fig. 2.15). 

Gans in 1955 came up with other findings [10]. The 

afore mentioned investigator, oppositely to the findings 

of Healey and Couinaud, doesn't accept the transversal 

fissure as a permanent anatomical finding in none of 

the paramedian lobes. Also the intrahepatic fissure of 

the left lateral lobe is not drawn transversally or cross- 

sectionally but frontally. Finally he divided the liver 

into two paramedian lobes, and into two lobes left and 

right subdivided into upper and lower segments. Whi- 

le Gans findings are almost similar to our clinical ob- 

servation yet we wonder whether someone should ac- 

cept his denomination of the lobes and sections [41]. 

And, concretely he gives the name of right lobe to our 

right posterior and of left lobe to our lateral one, disre- 

garding in some way the fact that on the base of the 

intrahepatic division after the Glissonian System, one 

should call right lobe the right paramedian and the 

right posterior and left lobe the left parametian and left 

Lateral, separated by the median fissure of the liver. 

Consequently, the naming of the lobes of the liver after 

GANS may cause misinterpretation of the way of their 

blood supply because the correlation of nomenclature 

in the intrahepatic distribution of the vessels of the 

Glissonian system is neither correct nor complete. 

We would like to point out what made us give dif- 

ferent names to the lobes other than those that have 

been used up to now, by different workers [41]. Since 

there is a median fissure dividing the right and left lo- 

bes, it is fair to name them as paramedian ones. For 

the nomenclature of the left lobe, one should take into 

account that indeed this is lying laterally leftwards the 

liver and towards the left part of the upper abdomen. 

Consequently, the right posterior lobe could be na- 

med as right lateral. Nevertheless we prefer the term 

posterior as more precise, since the posterior segment 

protrudes more posteriorly than the right mammary 

line of the body and the right median axillary one. For 

the upper and lower segments of the subdivisions of 

the posterior and lateral lobes, we suggest these plain di- 

visions to be called as superior and inferior segments. 

The North American surgeons today follow the no- 

menclature proposed by Healey & Schroy (1953), whe- 

reas the European surgeons prefer the Couinaud no- 

menclature (1954) [9, 21 ]. 

The scientific committee of the International Liver, 

Pancreas, Biliary Society, in order to establish a unani- 

mously accepted nomenclature assigned to a special 

committee for the study of the anatomy and nomencla- 

ture of the liver. This committee suggested a nomen- 

clature that is based on anatomic and surgical princi- 

ples [42, 43]. 

2 .4 .2 .4 .  Lobes and Segments of  the Liver 
Based on the Vessels of  the Efferent 
(Hepatic Veins) System 

The general distribution or, rather, the blood drainage 

from the liver, is steady concerning the hepatic veins 
and completely different from the distribution of the 
elements of the Glissonian system, i.e., the portal vein, 

the hepatic artery and the biliary vessels. If one obser- 

ves a mould with the portal vein, the hepatic artery 

and the biliary vessels filled, one will note that the se- 

parating planes of the lobes of the liver can be clearly 

distinguished (fig. 2.15). It has already been mentio- 

ned above that the hepatic veins drain the blood from 

certain regions of the liver steadily and with very few 

variations. 

The Right hepatic vein receives blood from the Right 
posterior lobe, as well as from a small segment at the 

lower region of the Right paramedian lobe. The Me- 

dian hepatic vein receives blood from the larger part 

of the Right paramedian and the whole Left parame- 

dian lobe. The Left hepatic vein drains the whole Left 

lateral lobe (fig. 2.16). 
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with blue plastic material. It is easy to note the course 

of the main stems of the hepatic veins in the intrahepa- 

tic fissures described. 
Taking into account the branching of the efferent 

venous system of the liver, i.e. the hepatic lobes, we 
can divide the liver in to the following lobes (fig. 2.16): 

The ke[t lobe, which corresponds to the region drai- 

ned by the left hepatic vein. This is identical to the left 
lateral lobe of the Glissonian system, delineated by the 
same left interlobar fissure. 

The Median lobe, which corresponds to the region 
drained by the median hepatic vein and includes the 
left paramedian and the right paramedian lobe of the 
Glissonian system. 

The Right lobe, the blood of which is drained by the 
right hepatic vein and which corresponds to the right 
posterior lobe of the Glissonian system. At times, a small 
triangular segment of the distal part of the right para- 

Fig. 2.16. The Lobes and segments of the liver based on the vessels 
of the efferent (hepatic veins) system. The right lobe (green), the 
me-dian (red) lobe and the left lobe (blue) of the liver after filling of 
the three hepatic veins with a Vinyl Acetate solution of different 
colour. 

A fact that deserves special attention is that the 
hepatic veins not only drain several parts of the liver, 
but also follow a steady course within the hepatic pa- 
renchyma; this course remains always the same. Thus, 

the right hepatic vein passes always through the right 
intrahepatic fissure, the course of the median hepatic 
vein is always along the median fissure and the left he- 
patic vein is always between the left intrahepatic fissures. 

The above become obvious in our preparation (fig. 
2.17), in which the portal vein is filled with yellow pla- 

stic material and the main stems of the hepatic veins 

Fig. 2.17. The course of the main stems of the hepatic veins in the 
intrahepatic fissures are shown in this picture. The portal vein is 
filled with yellow plastic material and the main stems of the hepatic 
veins with blue plastic material. 
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Fig. 2.18. Division of the liver according 
to the segmental distribution of the Glis- 
sonian system (red lines) or according 
to the ramifications of the hepatic veins 
(blue lines). 

median  lobe cor responds  to this lobe; its b lood  is drai- 

ned  by a lateral left branch of the right hepatic vein. 

The Caudate lobe, which according to the Glisso- 

nian system is d iv ided  in two segments,  a right and a 

left one, and drains its b lood  direct ly  to the inferior ve- 

na cava through t w o  or, s o m e t i m e s ,  m o r e  venous  ves- 

sels (left anterior group of short hepatic veins) (fig. 2.9). 

Further more,  speaking of relationship b e t w e e n  

surface landmarks and internal subdivision of the liver, 

the left interlobar fissure is marked  by the falciform li- 

gament  superiorly and by the umbilical fissure inferior- 

ly and it is distinct. The med ian  fissure is marked  by 

the line joining the gal lbladder fossa with the left wall 

of the inferior vena cava. The surface landmarks  of the 

right interlobar fissure are not so distinct as the above 

two fissures. Its location varies greatly with the size of 

the right lobe. 

So, applying in surgery, it is possible to divide the 

liver according to the segmental  distr ibution of the 

Glissonian system or according to the ramifications of 

the hepatic veins (fig. 2.18) [44, 45, 46, 47]. 

In the same areas both systems co-exist but in others 

these overlap. As a result, there  are only two practical 

lines of bloodless  segmental  resection. 

1st: Along the left interlobar fissure which  is mar- 

ked  by the falciform ligament superiorly and the unbi- 

lical fissure inferiorly. 

2nd: Along the median  fissure. In this case one must 

be careful to preserve  the middle  hepatic vein, which  

are located in this fissure. 

References 

[1] Stieda, L. (1900). Anatomisch-archaologische studien: Ue- 
ber die altesten bildichen Darstellungen des San getierle- 
ber. Anat. Hefte 1.15/16:673. Cited by H. Gans. 

[2] Glisson, F. (1954): Anatomia hepatis. O. Pullein, London. 
Cited by H. Gans. 

[3] Hyrtl, J. (1873): Die Dorrosions - Anatomie und ibre Er- 
gebrisse. Wilhelm Braumuller, Wien. Cited by H. Gans. 

[4] Rex, Hugo (1888): Beitrage zur Morphologie de Saugetier- 
leber. Morhp. Jahrb., 14:517. Cited by Elias, H. ~at Petty, D. 

[5] Gold Smith, N.A. and Woodburne, R.T. (1957): Surgical 
Anatomy Pertaining to Liver Resection. Surg. Gynec, and 
Obst., 105:310. 

[6] Hjortsjo, Ch (1951) The topography of the intrahepatic 
duct systems. Acta Anat 11:599. 

[7] Elias, H. and Petty, D. (1952): Gross anatomy of the blood 
vessels and ducts within the human liver. Am. J. Anatomy, 

90:59. 
[8] Healey, J.E. (1954): Clinical anatomic aspects of radical he- 

patic Surgery. J. Int.Coll Sugr., 22:542. 
[9] Healey, J.E. and Schroy, P. (1953): The anatomy of the bile 

ducts within the human liver: An analysis of the prevailing 
patterns of branching and their major variations. Arch. 

Surg., 66:599. 
[10] Gans, H. (1955): Introduction to hepatic surgery. Elsevier 

Pub. Co. Amsterdam. 
[11] Couinaud, C. (1957): Le foie. Etudes anatomiques et chirur- 

gicales. Masson, Paris. 
[12] Arey, C.B. (1966): Development anatomy. 7th ed. W.B. 

Saunders Phila. 
[13] Mall, F.P. (1906): A study of the structural unit of the liver. 

Amer. J. Anat., 5:227. 
[14] Garner, e., Gray, D. and O'Rahilly, R. (1960): Anatomy, W. 

B. Saunders Co., Phila. 



P. Kekis, B, Kekis 33 

[15] Gray's Anatomy (1980) 36TH edic. Churchill Livingstone. 

London. 

[16] Sobotta (1982) Atlas of Human Anatomy 10th edic. Urban 
& Schwarzenberg Munich. 

[17] Villemin, F., Dufour, R. and Rigaud, A. (1951): Variations 
morphologiques et topographiques du foie. Arch. Mal. Ap- 
par. Dig., 40:63. 

[18] Michels, N.A. (1955): Blood supply and anatomy of the 

upper abdominal organs. J.B. Lippincott Co., Phila. 

[19] Michels, W.A (1946): Variations in blood supply of the li- 

ver, gallbladder, stomach, duodenum and pancreas. Anat. 
Rec., 94:481. 

[20] Markowitzs, et al (1951) The hepatic artery. Physiol. Rev. 
31:188. 

[21] Hiatt, JR, Gabbay, J, Busuttil, RW (1994) Surgical anatomy 
of the hepatic arteries in 1000 cases. Ann Surg 220:5. 

[22] Healey, J.E., Schroy, P.C. and Sorensen, R.J. (1953): The 

Intrahepatic artery in man, J. Internat. Coll. Surgeons, 
20:133. 

[23] Hjortsjo, C.H. (1956): The intrahepatic ramifications of the 

portal vein. Lunds Univercitets Arsskrift, 52:20. 

[24] Elias, H. (1953): Observations on the general and regional 

anatomy of the human liver. Anat. Rec., 117:377. 

[25] Mazzioti, A. Cavallaria (1997) Basic anatomy. In: Mazzioti 

A, Cavallari A (Hrsg) Techniques in liver surgery. Green- 
wich Medical Media, London, S 8. 

[26] Skandalakis, E.J. Skandalakis, J.L, Skandalakis, N.P, Mirilas, 
P. (2004) Hepatic Surgical Anatomy. Surg. Clin. N. Am. 84: 
413-435. 

[27] Cantlie, J. (1897) On a new arrangement of the right and 
left lobes of the liver. J. Anat. 32:4. 

[28] Chen, T.S., Chen, P.S. (1999) The accomplishments of Sir 
James Cantlie. J. Med Biogr. Nov:7 (4): 197-9. 

[29] Cho, A., Okazumi, S. et al (2004) Anterior fissure of the 

right liver the third door of the liver. J. Hepatobiliary Pan- 

creat. Surg. 11(6) 390-6. 

[30] Couinaud, C. (1993-1994). Surgical approach to the dorsal 
section of the liver. Chirurgie 119:485-8. 

[31] Couinaud, C. (1998). Dorsal sector of the liver Chirurgie 
Feb: 123(1)8-15. 

[32] Filipponi, F. Romagnoli, P, Mosca, F., Couinaud, C, (2000) 
The dorsal sector of human liver: embryological. Hepato- 
gastroenterology Nov-Dec: 47 (36): 1726-31. 

[33] Gadzijev E.M., Ravnik, D, Stanisavijevic, D. et. al (1997) Ve- 

nous drainage of the dorsal sector of the liver: Differences 

between segments I and IX. Surg. Radiol Anta. 19:79. 

[34] Kamiya, J., Nimura, Y., et al (1994) Preoperative cholagio- 
graphy of the caudate lobe: Surgical anatomy and staging 

for biliary carcinoma. J. Hep. Bil Pancr: Surg. 4:385-389. 

[35] Nimura, Yuji et. al (1995) Hilar Cholagiocarcinoma - Sur- 

gical anatomy and curative resection. J. Hep. Bil, Pancr. 
Surg. 2:239-248 

[36] Abdalla, E.K., Vauthey, J.N., Couinaud, C. (2002) The cau- 

date lobe of the liver: Implications of embryology and ana- 

tomy for surgery. Surg. Oncol. Clin. N. Am. 11:835-48. 

[37] Fasel, D.H.J. et al (1996).Segmental anatomy of the liver: a 

review and a proposal for an international working nomen- 
clature. Eur. Radiol. 6:834-837. 

[38] Trasberg, S.M. (1999). Terminology of hepatic anatomy 
and resections. HPB Vol 1:191-201. 

[39] Wayson, E.E. and Fosterx, H.J. (1964): Surgical Anatomy of 
the liver S.C.N.A. 44:1264. 

[40] Couinand, C. (1999). Liver anatomy: Portal (and Suprahe- 

patic) or biliary Segmentation. Dig. Surg. 16:459-467. 

[41] Kekis, P.B. (1970) Contribution to Surgical anatomy pertai- 
ning to liver resection Athens Theses. 

[42] Belghiti, J. et al (2000) the Brisbane 2000 terminology of 

liver anatomy and resections. HPB Vol 2:333-339. 

[43] Strasberg, S. (1997). Terminology of liver anatomy and li- 

ver resections: coming to grips with hepatic Babel. J. Am 
Coll Surg 184:413. 

[44] Bismuth, H. (1982): Surgical anatomy and anatomical sur- 
gery of the liver World J. Surg. 6:3-9. 

[45] Bismuth, H. (1988) Surgical anatomy and anatomical surge- 

ry of the liver. In: Bismuth LH (Hrsg) Surgery of the liver 

and biliary tract, Vol I. Churchill Livingstone, Edinburgh. 

[46] Bismuth, H., Houssin, D., Castaing, D. (1982). Major and 

minor segmentectomies - reglees in liver surgery. World J 
Surg 6:10. 

[47] Broelsch, C.E. Kremer, K., Ludinghausen, M. von (1993) 
Leber. In: Chirurgische Operationslehre, Bd. 5. (Hrsg: K 
Kremer, W Lierse, W Platzer, HW Schreiber, SWeller), 
Thieme, Stuttgart New Your, S 76ff. 



ANATOMICAL VARIATIONS AND ANOMALIES 
OF THE BILIARY TREE, VEINS AND ARTERIES 

Con. Ch. Karaliotas, T. Papaconstantinou, Ch. Con. Karaliotas 

3.1. Introduct ion 

A good working knowledge of the incidence and ty- 

pes of anomaly or variation is key to a safe cholecyste- 

ctomy, as 50% of patients presenting with gallbladder 

stones or common bile duct stones show a significant 

variation from what is generally considered as the ex- 

pected normal pattern. Ignorance of these anomalies 

may well be responsible for catastrophic injuries of the 

bile duct during laparoscopy. The onus is therefore on 

the surgeon to be versed in the possible anatomical va- 

riations that he might encounter during surgery and to 

ensure that this knowledge is passed on to surgical trai- 
nees. 

Not only must the surgeon be aware of these ano- 

malies, but the radiologist should also possess a tho- 

rough knowledge of normal and abnormal anatomy of 

this anatomical area, if he is to correctly interpret the 

images provided by the new and older diagnostic ima- 

ging techniques, such as endoscopic cholangiography, 

enhanced CT, MRCP and isotope scanning of the liver. 

3.2. Aberrant  Ducts 

Intrahepatic interductal communication occurs only ra- 

rely, if at all [1-5], and is of clinical significance: in the 

event of a bile duct obstruction, the corresponding 

segment or subsegment is not shunted through collate- 

rals. Each bile duct drains only the part of the liver that 

it serves [6], though there are occasional reports of 

intercommunication between the extrahepatic ducts in 

the liver hilum [7]. 

In contrast, accessory bile ducts are commonly des- 

cribed in the literature [8]. The term aberrant (which is 

neither normal nor typical) is preferred over the term 

accessory (implies a duplication in structure or fun- 

ction) when describing "extra" ducts found in the porta 

hepatis [9]. 

Anomalous ducts have been reported in 1.7% to 

28% of cases, with an average of 12.1% [10]. These ano- 

malous ducts are encountered most frequently (85%) 

in the triangle of Calot (space bounded medially by the 

common hepatic duct, inferiorly by the cystic duct, 

and superiorly by the cystic altery) [11]. Most surgical 

injuries to bile ducts occur in this area. The ducts may 

differ in diameter from just filamentous, serving only 

tiny lobules of liver, to a considerable duct draining of 

most or all of a liver segment. These aberrant ducts are 

also referred to as segmental or sub-segmental ducts 
[12]. The right lobe of the liver, mostly the posterior seg- 

ment, engenders most of these ducts [13]. They com- 

monly unite the common hepatic duct or cystic duct 

but may also enter the gallbladder or common bile duct. 

Intraoperative cholangiography is the best method 

of identifying these ducts, thus avoiding injury. The vi- 

sualization of an aberrant duct entering the cystic duct 

depends on the placement of the cystic duct catheter 

and its retention clip. If the position is too close to the 

common bile duct, an aberrant duct joining the cystic 

duct between the gallbladder and the catheter tip will 
not be revealed. 

A slight bile duct (described by Luschka) rising 

from the right lobe of the liver in the gallbladder fossa 

and draining into the right hepatic duct or common 

hepatic duct [14], measures 1 to 2 mm in diameter and 

is found in 1% to 50% of the cases. Hepatocholecystic 

ducts draining directly from the liver into the gallblad- 

der have been confirmed [15] and may also be the 

source of postoperative bile leaks. In figure 3.1 there 
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Fig. 3.1. 
a) Accessory duct from the liver drains into right hepatic duct, b) ac- 
cessory duct from the liver drains into the common hepatic duct, c) 
accessory duct from the liver drains into the cystic duct, d) accesso- 
ry duct from the liver, drains at a higher level than the cystic duct 
does - two accessory ducts, e) the accessory duct comes from the 
liver and drains into the common bile duct at a level lower than the 
confluence of cystic duct with common hepatic duct. The cystic 
duct drains into the left hepatic duct. (Modified. From "The ClBA 
collection of Medical illustrations" Frank Netter 1957, with permis- 
sion of Novartis). 

are at least six variations of aberrant (accessory) extra- 
hepatic duct near porta hepatic as these structures empty 

in various positions of common hepatic duct or else- 

where (fig. 3.1). The Luschka bile ducts are schemati- 

cally illustrated in figure 3.2. 
The surgical significance of an aberrant or accesso- 

ry hepatic duct lies in its vulnerability during an opera- 

tion. The consequences of its ligation or division will 

depend upon its size, for instance, if we ligate an ac- 

cessory duct similar in size to a cystic duct, a signifi- 
cant biliary obstruction could ensue. Dividing a small 

unrecognized accessory duct will result in bile leakage, 

biloma, biliary peritonitis, biliary fistula and, possibly, 
late stenosis of the common bile duct due to the scle- 
rotic action of the leaking bile duct. 

3.2 .1 .  Anatomica l  Var iat ions  
of the  G a l l b l a d d e r  

3 .2 .1 .1 .  Agenesis o f  the Gallbladder 

Agenesis of the gallbladder is extremely rare, with an 

estimated incidence of 0,02%. In such rare case, poly- 
cystic kidneys, absent ascending colon, tracheo-oeso- 
phageal fistula, cleft palate and cardiac defects frequen- 
tly co-exist. The condition can only be diagnosed in 
the operating theatre table, after a complete inspection 
of the possible normal and ectopic sites has failed to 
identify the gallbladder. That said, operative cholan- 
giography is always necessary to confirm the agenesis. 

3 .2 .1 .2 .  Multiple Gallbladders 

The estimated incidence of multiple gallbladders is 1 
in 3800 individuals with many reports in the literature 
of double gallbladders and very few of triple gallblad- 

ders. The variations of this defect may include either 

an apparently single organ divided by a septum or two 
or three completely separate gallbladders each with its 
own cystic duct. Scandalakis J. et al [16] have classified 
multiple gallbladders according to the supposed embryo- 
logical defect in the cystic primordium and the primiti- 
ve hepatic diverticulum from which it arises. There are 
two groups of multiple gallbladders with different cha- 

racteristics. 
The first group is the split cystic primordial group 

where varying degrees of duplication of the gallblad- 
der are presented but only one cystic duct enters the 
common bile duct (fig. 3.3a). In the first group, a sub- 
group represents the mild form that is a longitudinal 

septum dividing the gallbladder into two separate 

chambers but the evidence of duplication appears af- 

i /;  
Fig. 3.2. 
Schematic illustration of Luschka ducts 
draining into the gallbladder. (Modi- 
fled. From "The ClBA collection of Me- 
dical illustrations" Frank Netter 1957, 
with permission of Novartis). 
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Fig. 3.3, a to f. 
Various types of double gallbladder which illustrate the position of the accessory gallbladder and its relationship with cystic duct. 
a) Regular and accessory gallbladders in a normal position with a common cystic duct, the so called "split cystic primordium group". 
b) The so-called pattern "multiple cystic primordium group" where two cystic ducts, one for each gallbladder drain into the common hepatic 
duct. 
c) Two cystic ducts, a pattern slightly different from the preceding, where the one cystic duct enters the liver. 
d) A second gallbladder with a cystic duct draining at a higher level into the common hepatic duct 
e) A second gallbladder (accessory) lain beneath the left lobe of the liver, that drains into the left hepatic duct. 
f) A different pattern of doubling gallbladder cysts often smaller and situated in the hepaticoduodenal ligament. 

ter the incision of gallbladder's wall (fig. 3.4a). A more 

severe variation is the division of the gallbladder into 

two lobes (fig. 3.4b,) each lobe joining at the neck to 

form a normal common cystic duct. 

The second main group is the multiple cystic pri- 
mordial group (accessory gallbladder). This group is 

characterized by the presence of two or three (double 

or triple) separate gallbladders, each one with its own 

cystic duct which enters the common bile duct inde- 

pendently (fig. 3.3b, c, d, f). Occasionally, one of the 

cystic ducts enters either the left or the right hepatic 

duct (fig. 3.3e). 

Multiple gallbladders can cause problems during 

surgery if the surgeon is unaware of this anomaly. Fur- 

thermore, the patient runs the risk of a "retained gall- 

bladder", although a diseased gallbladder has already 

been removed. The diagnosis of the existence of a 

double or triple gallbladder by ultrasonography is of- 

ten difficult and misdiagnosed. Only with preoperative 

imaging by magnetic or CT cholangiography can multi- 
ple gallbladders be 100% diagnosed. Continuation of 

symptoms after cholecystectomy may be the first indi- 

cation that a second or a third gallbladder was overloo- 

ked during the original operation. However, if during 
the course of cholecystectomy for gallbladder's calculi 

a supernumerary gallbladder is discovered, this should 

be removed even if it appears normal. This recom- 

mendation is crucial if a second operation due to new 

gallstone formation in the remnant gallbladder is be 

avoided [ 16]. 

3 .2 .1 .3 .  Ectopic Gallbladder 

Ectopic gallbladders represent cases where a normally 

formed gallbladder lies in an abnormal site. The inci- 
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Fig. 3.4. Bilobed gallbladder. (Modified. From "The ClBA collection of 
Medical illustrations" Frank Netter 1957, with permission of Novartis). 
a) An internal septum separates the cyst into two departments. 
b) Double gallbladder but joined at the common neck with one cy- 
stic duct. 

Fig. 3.5. Intrahepatic gallblad- 
der. (Modified. From "The ClBA 
collection of Medical illustra- 
tions" Frank Netter 1957, with 
permission of Novartis). 

Fig. 3.6. Floating gallbladder. 
(Modified. From "The ClBA col- 
lection of Medical illustrations" 
Frank Netter 1957, with per- 
mission of Novartis). 

dence is very rare but, nonetheless, important to the 

surgeon and radiologist. Although the diagnosis is qui- 

te easy, difficulties can arise if the radiologist is una- 

ware of the ectopic sites of the gallbladder, or if the fil- 

ling defect is wrongly attributed to hepatic metastatic 

disease. The ectopic gallbladder may be intrahepatic 

(fig. 3.5), left sided, transverse, retrodisplaced or in ra- 

re occasions, be located elsewhere. 

The intrahepatic gallbladder is totally embedded in 

the liver parenchyma. In such cases, and in inexperien- 

ced hands, a cholecystectomy can become an exheme- 

ly dangerous and hemorrhagic one (fig. 3.5). 

Finally, the so called "floating gallbladder", yet 

another, though not uncommon, anatomic variation is 

a gallbladder suspended from the liver via a mesente- 

riole (fig. 3.6). Such cases facilitate the procedure of 
cholecystectomy. 

3.2.2.  Extrahepatic  Bile Ducts  Anatomica l  
Variat ions  

3.2 .2 .1 .  Cystic Duct (See Also Chapter 1) 

Only 33% of patients have a classic anatomic position 

and course of cystic duct, as well as a classic anatomic 

relationship with the other adjacent structures. The 

most important anatomic point of the cystic duct is the 

angular junction which is formed between the cystic 

duct and the common bile duct, as well as the point at 

which the cystic duct drains into the common hepatic 

duct. The length of the cystic duct also varies. It is 

reported by Toouli [17], that 20% of ducts are less than 

2 cm in length, with the majority being between 2 cm 

and 4 cm. We strongly believe that one of the main 

causes of iatrogenic injury of the common hepatic duct 

is the close proximity, especially of the course, bet- 

ween the cystic duct and common bile duct. 

The only safe way to minimize accidental injury to 

the bile ducts and hepatic artery is the limitation of 

manoeuver during dissection in the region of the Calot 

triangle. In general, the wide dissection of structures, 

especially of the cystic duct, should be limited. We 

insist that manoeuvers not be avoided but limited until 

all structures are recognized. 

Figure 3.7 illustrates the different types of union of 

the cystic duct and common hepatic duct and their pa- 

rallel or non parallel course. 

3.2.3.  Va r i a t i ons  of  the C o m m o n  Bile Duct 

and Extrahepatic  C o n f l u e n c e  - Sectoral  Ducts  

The common bile duct, unlike the cystic duct, is more 

constant in its length and course, but variations exist 

mainly in the area of porta hepatis, and at the lower 

third of the common bile duct (intrapancreatic part). 
Also, the length of the common bile duct varies from 

person to person [18-19]. 
The first most common variation in the anatomy of 

the common bile duct occurs at the different levels of 

convergence (confluence) of two hepatic ducts (fig. 

3.11). The convergence of hepatic duct varies greatly. 

Rarely non-confluence of the right and left hepatic 

ducts occurs, with the independent for each duct into 

the duodenum ending up at different sites. These va- 

riations are very often referred to as sectoral ducts. Se- 

ctoral ducts drain the sectors specific parts of the liver 

[20]. For example, a right sectoral duct drains segments 

VI and VII or segments V and VIII. Almost in all cases 

the cystic duct converges with the right sectoral duct. 
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Fig. 3.7. Various types of confluence of the cystic duct and common 
hepatic duct (Personal series). (Modified. From "The ClBA collection 
of Medical illustrations" Frank Netter 1957, with permission of No- 
vartis). 
a) Low parallel course and union with common hepatic duct (15%). 
b) Adherent to common hepatic duct (% unknown). 
c) Normal course of the cystic duct (59,9%). 
d) Short of absent cystic duct -  3,5% and 0,5% respectively. 
e) Ant spiral course to the left side of common hepatic duct (2%). 
f) Post spiral course to the left side of common hepatic duct (13%). 

Figure 3.8 illustrates the afore-mentioned anatomical 
variations. 

3.2.4. Cystic Di la ta t ions  of the Bil iary Tree 
( H e p a t o c h o l e d o c h a l  Cysts)  

Hepatocholedochal cysts usually present in childhood 
but their symptoms are so insignificant as to evade ear- 
ly diagnosis, resulting in many cases -at least 20% of 

patients- being detected in adulthood. Other chapters 
describe details and radiological imaging relating to 

their anatomic configuration as well as the clinical fin- 

dings and treatment. Figure 3.9 illustrates the Todani 

d e f 

Fig. 3.8. Variations of the hepatic duct (Analysis of personal series 
from 1230 operations where the variations were recognized). 
a) Low convergence of hepatic ducts. Right hepatic duct descents in 
front of the cystic duct, which is draining into the left hepatic duct 
(18 cases 1,46%). 
b) Low convergence of hepatic ducts. Right hepatic duct descents 
behind the cystic duct, which is draining into the left hepatic duct 
(32 cases, 2,6% ). 
c) Right sectoral duct, where the convergence occurs at a very low 
level, at the ampoule. Cystic duct drains into the right sectoral duct 
(2 cases, 0,16%). 
d) Right sectoral duct. No convergence occurs with separate 
drainage of two hepatic ducts into the duodenum (1 case, 0,08%). 
e) Trifurcation of hepatic ducts at the porta hepatis (131 cases, 10.7% ). 
f) Bifurcation of hepatic ducts, the most common anatomic pattern, 
(1046 cases, 85%). 

classification of hepatocholedochal cysts as redrawn 
by ourselves. Many authors have tried to modify the 
illustrated classification, as Hohenberger in 1996, but 
the original classification of Alonso-Lej and Todani is 
more prevalent [21, 22, 23, 24] (see more details in 
chapters 11 and 19). 

3.2.5. Var ia t ions  of In t r ahepa t i c  Bile Duct 
Ramif ica t ions  (After Skanda lak is  1989) 

Agood knowledge of normal intrahepatic bile duct ra- 
mifications and their variations, as well as the varia- 
tions in the confluence of the hepatic ducts and their 
first order ramie is of crucial importance to the liver 

and biliary tract surgeon. Sometimes, the negligence and 

ignorance of the anatomy of this surgical area lead to 
definitive and often lethal injuries in both conventional 

hepatectomies, hepatectomies for living donor liver 

transplantation, where both recipient and donor must 
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TYPE 1 TYPE 2 TYPE 3 

Postersuperior 
Localization of the intedobar fissure 

~ m the caudate lobe 

Mediosuperior 
Laterosuperior 

J 

TYPE 4a TYPE 4b 

Fig. 3.9. Todani's classification of choledochal cysts. 
Type 1: Solitary fusiform extrahepatic cyst. 
Type 2: Extrahepatic supraduodenal diverticulum. 
Type 3: Choledochocele (intraduodenal diverticulum). 
Type 4a: Fusiform extra- and intrahepatic cysts. 
Type 4b: Multiple extrahepatic cysts. 
Type 5: Caroli's disease (Multiple intrahepatic cysts). 

TYPE 5 

Lateroinferior 

Lateral 

X ~ ~ " -  t~ I Medioinferior 

Common hepatic 
duct 

Anteroinferior Anterior 

Posteroinferior 

Fig. 3.10. Intrahepatic bile tree nonmeclature and the equivalent of 
segment terminology according to Couinaud. 
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Fig. 3.11. Variations of convergence 
(confluence) of hepatic ducts at the 
porta hepat ic-extrahepat ic-  (after 
Smadja and Blumgart, after Couinaud, 
1957, redrawn by us in 2006). 
ra = right anterior and rp = right post- 
erior branches typically drain into right 
hepatic duct, Ih = left hepatic duct. 
a) the most common typical configura- 
tion of hepatic ducts confluence. 
b) trifurcation or triple confluence. 
c) the Right anterior duct drains into the 
common hepatic duct (cl) and right 
posterior duct also drains into the 
common hepatic duct (c2). 
d) the Right posterior duct drains into 
the left hepatic duct (dl) and the right 
anterior duct also drains into the left 
hepatic duct. 
e) in types el and e2 there is an entirely 
different drainage of hepatic branches. 
There is also a type f, in which the right 
hepatic duct drains into the cystic duct. 
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Fig. 3.12. Ramifications of the intrahepatic bile ductal system. Types 
and incidence rate of the known variations of bile duct IV -the green 
ramus- (redrawn by us in 2006, after Smadja and Blumgart, 1988, 
and after Healey and Schroy 1953). 
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Fig. 3.14. Types and incidence rate of the known variations of bile 
duct VI and VIII-the green rami- (redrawn by us, after Smadja and 
Blumgart, 1988, and after Healey and Schroy 1953). 
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S e g m e n t  V bile duct  
variat ions 
LHD. .Lef t  hepat ic  duct  
CHD. ,  C o m m o n  hepat ic  duct  

Fig. 3.13. Types and incidence rate of the known variations of bile 
duct V -the green ramus- (redrawn by us, after Smadja and Blum- 
gart, 1988, and after Healey and Schroy 1953). 

c o n s e r v e  a g o o d  f u n c t i o n a l  l iver .  F i g u r e  3 . 1 0  d e m o n -  

s t r a t e s  a s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  i n t r a h e p a t i c  

b i l i a r y  t r e e  w i t h  n o r m a l  a n a t o m y .  T h e  m o s t  c o m m o n  

a n d  k n o w n  v a r i a t i o n s  o f  i n t r a h e p a t i c  b i l e  d u c t s  IV, V, 

VI a n d  VI I I  a r e  i l l u s t r a t e d  in f i g u r e s  3 .12 ,  3 .13 ,  3 .14 ,  

3 .16  [20, 25,  26]. 

3 . 3 .  A n a t o m i c a l  V a r i a t i o n s  o f  V e s s e l s  

3 . 3 . 1 .  P o r t a l  V e i n  V a r i a t i o n s  

I n t r a h e p a t i c  p o r t a l  a n a t o m y  has  b e e n  w e l l  e s t a b l i s h e d  

o n  l i ve r  s o n o g r a p h y ,  CT scans ,  CT  p o r t o g r a p h y  d u r i n g  

t h e  v e i n  p h a s e  o f  a r t e r i o g r a p h y ,  MR i m a g i n g  a n d ,  r e -  

c e n t l y ,  o n  c o m p u t e r  a s s i s t e d  3 D  i m a g i n g .  T h e  m o s t  

i m p o r t a n t  v a r i a t i o n  o f  t h e  p o r t a l  v e i n ,  p r e s e n t  in 4%-  

19% o f  p a t i e n t s ,  is t h e  i m m e d i a t e  t r i f u r c a t i o n  o f  t h e  

p o r t a l  v e i n  i n t o  a lef t  m a i n  r a m u s ,  a r i gh t  a n t e r i o r  ra-  

m u s  a n d  a r igh t  p o s t e r i o r  r a m u s  [27, 28, 29] (fig. 3 .15b) .  

T w o  o t h e r  i n f r e q u e n t  v a r i a t i o n s  i n c l u d e  t h e  o r i g i n  o f  

t h e  a n t e r i o r  r igh t  ( s e c t o r a l )  r a m u s  f r o m  t h e  lef t  m a i n  

p o r t a l  v e i n  a n d  t h e  p o s t e r i o r  r i gh t  ( s e c t o r a l )  r a m u s  tha t  

o r i g i n a t e  f r o m  t h e  p o r t a l  t r u n k  (fig. 3 .15a ,  c). 

T h e  a f o r e m e n t i o n e d  v a r i a t i o n s  a r e  o f  s i g n i f i c a n t  
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Portal Vein 
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Fig. 3.15. a-c: The main most common 
variations of portal vein (After Soyer et 
a11996). 

a. The most common anatomic confi- 

guration (94%). 

b. The second most common variation" 

tr ifurcation of main portal nein. 
c. The third known variation- left main 

portal vein originating from right ante- 
rior portal ramus. 

[LMPR = Left main portal ramus, RPPR 

= Right posterior portal ramus, RAPR 

= Right anterior portal ramus, RMPR = 
Right main portal ramus]. 

importance in daily surgical practice and need to be 

recognized, especially when contemplating an early li- 

gation of the hilar vessels for left hepatectomy. A wrong 

ligation of portal sectoral ramus, for example the an- 

terior right sectoral ramus originating from the left por- 

tal vein, will lead to devascularization of the right liver. 

3 .3 .2 .  H e p a t i c  V e i n s  A n a t o m i c  V a r i a t i o n s  - 

A c c e s s o r y  H e p a t i c  V e i n s  

In general, the anatomy of hepatic veins is of signifi- 

cant interest in the initial hepatectomy phase of supra- 

hepatic vascular control with partial or complete occlu- 

sion. The normal distribution of intrahepatic rami and 

the main variations of hepatic vein insertion into the 

vena cava are illustrated in figures 3.16 and 3.17 respe- 

ctively. The right hepatic vein is usually controlled in- 

dependently in over 50% of cases, depending on the 
anatomic configuration of hepatocaval junction in rela- 

tion to the diaphragm. The control of median and left 

hepatic veins with their own common trunk for drain 

into the vena cava is difficult, dangerous or even im- 

possible. During total vascular occlusion the clamping 

of the suprahepatic vena cava is straight forward in 

over 80% of cases [30, 31, 32]. 

The accessory hepatic veins (fig. 3.16, 3.17) may be 

on the right or on the left side and are also called re- 

trohepatic veins. On the right side they independently 

drain parts of the posterior sector of the liver, namely, 

segments VI and VII. These veins are usually two, su- 

perior and inferior accessory, with the latter more con- 

stant. 

On the left side, the accessory veins are formed by 

the venules of the caudate lobe. In 50% of cases, a soli- 

tary thin vein drains directly to the vena cava, inferior- 

/ 

eft hepatic v .  

~ Middle hepatic v. 

Right hepatic v. 

b 
RHV .... 

~!ii!; ~ . . . .  :~ 

MH 

RHV / / LH~ 
accessory / accessory 

MHV 
accessory 

, , , ~  

RHV 

~Jterior 
RHV hepatic v .  

draining directiy into vena cava 

Fig. 3.16. a-c. 
a. Normal configuration of hepatic veins. 

b. Posterior hepatic vein. 

c. Configuration of accessory hepatic veins (from Broelsch et al. 

1993). 

[RHV = Right hepatic vein, LHV = Left hepatic vein, MHV = Middle 

hepatic vein]. 
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R 

Fig. 3.17. a-f: Schema for hepatic veins variations from 

Broelch et a11993. 
a. Long branchless trunk of RHV (common). 

b. Short trunk of RHV (rare). 
c. Thin RHV, "compensated" by well developed MHV. 

d. Thin RHV and middle accessory hepatic v (rare). 
e. Thin RHV and posterior hepatic vein. 
f-h: Variations of the middle and hepatic veins. 

ly of the common trunk of the left and median hepatic 

veins. We must note that there are eight to 20 small ve- 

nules, which drain into the vena cava originating from 

the caudate lobe, rendering the resection of segment I 

(caudate lobe) both difficult and awkward. 

3.3.3.  Hepatic  Artery Anatomic  Variations - 
Cystic Artery Variations 

3 .3 .3 .1 .  Hepatic Artery Variations 

As we know from previous chapters, the common he- 

patic artery is mainly a branch of coeliac axis (the so 

called Haller's tripod). The anatomic variations of the 

hepatic artery are well recognized by careful disse- 

ction during operations of hepatectomies and pancrea- 
tectomies as well as in surgical oncology during lymph 
node dissection. 

According to Michels [33, 34, 35], since 1953, over 
40% of 200 autopsy dissections have revealed varia- 
tions in the origin and course of the hepatic artery. 

A replaced hepatic artery is an artery which origi- 
nates from a source different to that in the standard de- 

scription and substitutes the typical vessel (see below 

fig. 3.19). An accessory artery is a vessel additional to 

those originating according to standard description. 

Nowadays, advanced technology in radiology ima- 

gination (3D imaging, digital angiography, MRA) can 

be helpful in the preoperative detection of detailed ana- 

tomic variations. Many author-radiologists-  Marchal 

et al in 1981 [36], Ralls et al [37] and Rubin et al in 1993 

[38] - have presented their experience in the recogni- 

tion of hepatic artery anatomy, describing that the he- 

patic artery is normal in anatomic appearance in 75%- 

80% of cases in sonographic examination as well as in 

axial CT scans. According to the authors, the preopera- 

tive determination of hepatic artery variation using so- 

nography or CT is valuable. 

The two most commonly observed variations are 

the following: a) accessory left hepatic artery with its 

origin from the left gastric artery (in 10% of cases) and 

b) right hepatic artery with its origin from superior 

mesenteric artery (in 10% of cases). 

However, in the relatively recent investigation of 

1000 patients from Hiatt, Gabbay and Busuttil [39], up 
to 75% of variations of hepatic artery anatomy was 

found. They classified 6 types of variations of hepatic 
artery as follow: 

Type I (75.7%) 
Common hepatic artery (CHA) arising from coeliac axis, 
normally, forming the gastroduodenal artery (GDA) and 

proper hepatic artery (PHA). 

Type II (9, 7%) 

Replaced or accessory LHA from left gastric artery. 

Type III (10.6%) 

Replaced or accessory RHA from superior mesenteric 

artery (SMA) 
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Fig. 3.18. Hepatic artery variations (Modified by us.- The ClBA collection of medical illustrations Volume 3, 1957 with permission of Novartis). 

(CHA = Common hepatic artery, LGA = Left gastric artery, SA = Splenic artery, GA = gastroduodenal artery, LHA = Left hepatic artery, RHA = 

Right hepatic artery, MHA = Middle hepatic artery, SMA = Superior mesenteric artery). 
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RHA ' / ~ ~ ~ ~  C.axis 
CHA ~_ _ 

duct 
to CBD 

Ch. Karaltotas 
2006 

artery 

Fig. 3.19. Cystic artery variations (Modified by us. The ClBA collection of medical illustrations Volume 3, 1957, with permission of Novartis). 
a. Cystic artery (CA) originating from normal right hepatic artery (RHA) outside cystic triangle. 
b. CA originating from middle hepatic artery (MHA) - may also come from left hepatic artery (LHA). 
c. CA originating from common hepatic artery (CHA). 
d. CA originating from gastroduodenal artery (GDA). 
e. CA originating from celiac axis or directly from aorta. 
f. CA originating from aberrant right hepatic, the last coming from SMA. 
g. CA originating outside Calot triangle from aberrant RHA. 
h-k. Variations of double cystic artery. 
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Fig. 3.20. Supraduodenal portion of common bile duct and its blood 
supply from an epicholedochal artery plexus and two intramural. 

Type IV (2,3%) 
Double replacement (coexisting variation of Type II 
and Type III) 

Type V (1,5%) 
The CHA arises from SMA. 

Type VI (0,2%) 
The CHA arising directly from the aorta. 

3.3.3.2.  Cystic Artery Variations 

The cystic artery originates from the right hepatic arte- 
ry within the cystic triangle of Calot. Typically divides 
into an anterior branch for the free surface of the 
gallbladder and a posterior branch for its bed surface. 
In about 20 percent of cases, this artery arises from the 
left or middle hepatic artery, outside the triangle of 
calot, or, even less frequently, from the common hepa- 

a 

D u  ~ R H  

C 

d 
Fig. 3.21. Variations of blood supply of the common bile duct. The primary supply originates from retroduodenal or posterior superior 

pancreaticoduodenal artery which is a branch of the gastroduodenal artery. 
(GD = gastroduodenal artery. SC = superficial cystic artery. ASP = anterior superior pancreaticoduodenal artery. RD = retroduodenal artery. 
A = marginal artery from retroduodenal. EA = epicholedochal artery. H = proper hepatic artery. RH = right hepatic artery. LH = left hepatic 

artery. MH = middle hepatic artery. 
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TYPES OF UNION OF CBD AND PANCREATIC DUCT 

I. SHORT COMMON 2. NO COMMON 
CHANNEL CHANNEL 

..... I~ -̧  ' i 

3. LONG COMMON 
CHANNEL 

Fig. 3.22. The three different types of CBD union and the main 
pancreatic duct. From the ClBA collection of medical illustrations 
Volume 3, 1957, with permission of Novartis). 

tic artery. Replacements of the cystic artery, including 

origins from gastroduodenal, celiac axis or indepen- 

dently from aorta, are rarely found (fig. 3.19). 

An aberrant right hepatic artery coming from the 

superior mesenteric artery may also give origin to the 

cystic artery. Though encountered in almost 25% of ca- 

ses, a double cystic artery does not represent an unu- 

sual variation. Though the origin of both cystic arteries 

varies, their great significance in cholecystectomy is 

obvious. 

3.3.3.3. Variations of Blood Supply 
of Common Bile Duct 

The common bile duct in its total course is a very va- 

scular structure, especially in the lower third. There is 

a rich epicholedochal arterial plexus (fig. 3.20) which 

may derive from different sources explaning the many 

variations in the origin of common bile ductal blood 

supply (fig. 3.21). The classic article of Park, Michels 

and Ghash in 1963 remains contemporary. The enor- 

mous clinical and surgical significance of the rich 

blood supply of the common bile duct becomes clear 

when taking into account that, even if the dissection 

on this duct is a little more than 2 cm in length, it may 

result in an avascular stricture of common bile duct. 

3.4 .  A n a t o m i c a l  V a r a t i o n s  o f  CBD Union 

and t h e  Main  P a n c r e a t i c  Duct  

This union varies individually. Most frequently, both 

ducts converge within the wall of the duodenum and 

form a short common channel. In other cases, each 

duct drains into the duodenum with a separate 

opening. The third posibility is that both ducts (CBD 

and main pancreatic) form a long common channel 

(fig. 3.22). 

3.5.  COnCluSion 

The large number of variations in the anatomic structu- 

re of biliary tree imposes an imperative need for sur- 

geons to have an adequate knowledge and understan- 

ding of those variations, in order to control the safety 

of the surgical procedure in this field. A large number 

of postoperative complications seen in this surgical 

area results from iatrogenic injuries incurred by a va- 

riation of anatomic elements. 

Nowadays, given the rich and modern diagnostic 

armamentarium, the surgeon must be conversant with 

any potential problem. The significant improvements 

in the outcome from the procedures ranging from a 

simple cholecystectomy to the liver transplantation are 

due to the increased awareness of surgeon. 

R e f e r r e n c e s  

[1] J. A. Hamlin. Radiological anatomy and anomalies of the 
extrahepatic biliary ducts. Bile ducts and bile duct stones. 
W.B. Saunders Company 1997. 

[2] Patten EM. Foundations of Embryology. New York, Mc 
Graw-Hill, 1958. 

[3] Arey LB. Developmental Anatomy. A Textbook and Labo- 
ratory Manual of Embryology. Philadelphia, WB Saunders, 
1965. 

[4] Boyden EA. Congenital variations of the extrahepatic bilia- 
ry tract. Minn Med 1944; 27:932-933. 

[5] Rabinovitch J, Rabinovitch P, Zisk HJ. Rare anomalies of 
the extrahepatic bile ducts. Ann Surg 1956; 144:93-98. 

[6] Goor DA, Ebert PA. Anomalies of the biliary tree. Report of 



48 Chapter 3: Anatomic Variations and Anomalies of the Biliary Tree, Veins and Arteries 

a repair of an accessory bile duct and review of the lite- 

rature. Arch Surg 1972; 104:302-309. 
[7] Moosman DA, Coller FA. Prevention of traumatic injury to 

the bile ducts. A study of the structures of the cystohepatic 

angle encountered in cholecystectomy and supraduodenal 

choledochostomy. Am J Surg 1951; 82:132-143. 

[8] Benson EA, Page RE. A practical reappraisal of the anatomy 

of the extrahepatic bile ducts and arteries. Br J Surg 1976; 

63:853-860. 
[9] Berci G, Hamlin JA. Operative Biliary Radiology. Baltimo- 

re, Williams & Wilkins, 1981. 

[10] McCormick JStC, Bremner DN, Thomson JWW, et al. The 
operative cholangiogram: Its interpretation, accuracy and 

value in association with cholecystectomy. Ann Surg 1974; 

180:902-906. 
[11] Taniguchi Y, Ido K, Kimura K, et al. Introduction of a "safe- 

ty zone" for the safety of laparoscopic cholecystectomy. 

Am J Gastroenterol 1993; 88:1258-1261. 

[12] Hadjis NS, Blumgart LH. Injury to segmental bile ducts. 

Arch Surg 1988; 123:351-353. 
[ 13] Prinz RA, Howell HS, Pickleman JR. Surgical significance of 

extrahepatic biliary tree anomalies. Am J Surg 1976; 131: 

755-757. 
[14] Luschka H. Cited in McQuillan T, Manolas SG, Hayman JA, 

Kune GA. Surgical significance of the bile duct of Luschka. 

Br J Surg 1989; 76:696-698. 
[15] Jackson N, Kelly TR. Cholecystohepatic ducts: Case report. 

Ann Surg 1964; 159:581-584. 
[ 16] Scandalakis JE, Gray SW, Ricketts R, et al: The extrahepatic 

biliary ducts and the gallbladder. In Scandalakis JE,Gray 
SW (eds): Embryology fir Surgeons, ed 2. Baltomore, Wil- 

liams & Wilkins, 1994, pp. 296-333. 

[17] Toouli J: Surgery of the Biliar Truct. New York, Churchill 

Livingstone, 1993. 
[18] Dorrance HR, Lingam MK, Hair Aet al: Acquired abdorma- 

lities of the biliary tract from cronic gallstone disease. J Am 

Coil Surg 1999; 189:269-273 
[19] Lindner HH, Pena VA, Ruggeri RA. A clinical and anatomi- 

cal study of anomalous terminations of the common bile 

duct into the duodenum. Ann Surg 1976; 184:626-632. 
[20] Smadja C, Blumgart LH: The biliary tract and the anatomy 

of biliary exposure. In Blumgart lh 9ED0; surgery of the Li- 

ver and the Biliary Tract, ed 2, vol 1.London, Churchill 

Livingstone, 1994, pp. 11-24. 
[21] Todani T, Watanabe Y, Narusue M, et al. Congenital bile 

duct cysts: Classification, operative procedures, and review 

of thirty-seven cases including cancer arising from chole- 

dochal cyst. AmJ Surg 1977; 134:263-269. 
[22] Skandalakis J.E. et al. Extrahepatic biliary tract and gall- 

bladder. Surgical Anatomy. Paschalidis Medical Publica- 

tions 2004. 
[23] Ono J, Sakoda K, Akita H. Surgical aspect of cystic dilata- 

tion of the bile duct: An anomalous junction of the pancrea- 

ticobiliary tract in adults. Ann Surg 1982; 195:203-208. 
[24] Farkas IE, Patkd A, Szebeni A, Tulassay Z. Diverticulum of 

the bile duct diagnosis by endoscopic retrograde cholan- 

giopancreatography and ultrasonography. Am J Gastroen- 

terol 1980; 73:310-314. 
[25] Bismuth H (1988) Surgical anatomy and anatomical surgery 

of the liver.In: Blumgart LH (Hrsg) Surgery of the kiver and 

biliary tract, Vol. 1. Churchill Livingstone, Endinburg, S lff. 

[26] Wiechel KL (1996) Klinische Bedeutung der Gallenganga- 

natomie und Konsequenzan ihner Variationen. In: Hahn 

EG, Riemann JF (Hrsg) Klinische Gastroenterologie. Thie- 

me, Stuttgart New York, S 1235ff. 
[27] Soyer P, Bluemke DA et al (1994b) Variations in the intra- 

hepatic venous structure: comparison of three rendering 

techniques. J Comput Assist Tomogr 20:122-127. 

[28] Lafortune M, Adore F, Patriquin H,Breton G (1991) Seg- 

mental anatomy of the liver: a sonographic approach to the 

Couinaud nomenclature. Radiology 181:443-448. 

[29] Atri M, Bret PM, Fraser-Hill MA (1992) Intrahepatic portal 

venous variations: prevalence with US. Radiology 184:157- 

158. 
[30] Soyer P, Heath D, Bluemke DA et al (1996) Threee-dimen- 

sional helical CT of intrahepatic venous structure: compari- 

son of three rendering techniques.J Comput Assist Tomogr 

20:122-127. 
[31] Broelsch CE, Kremer K, Ludinghausen M von (1993) Leber. 

In: Chirurgische Operationslehre, Bd. 5. (Hrsg: K Kremer, 

W Lierse, W Platzer, HW Scheiber, S Weller), Thieme, 

Stuttgart New York, S 76ff. 

[32] Kocherling F, Schwartz SI.Liver Surgery: Operative techni- 

ques and avoidance of complications.(2001) JA Barth Ver- 

lag, Heidelberg. GmbH & Co.KG. 
[33] Michel NA. Blood supply and anatomy of the upper abdo- 

minal organs, J.B. Lippincott Company, Philadelphia, 1955. 
[34] Michel NA.: Variational anatomy of the hepatic, cystic and 

retroduodenal arteries; statistical analysis of their origin, 
distribution and relations to the biliary ducts in 200 bodies. 

Arch. Surg., 66:20, 1953. 
[35] Michel NA.: Collateral arterial pathways to the liver after 

ligation of the hepatic artery and removal of the celiac axis, 

Cancer, 6: 708, 1953. 
[36] Marshal G, Kint E, Nijssens M, Baert A1 (1981) Variability of 

the hepatic arterial anatomy: a sonographic demonstration. 

J Clin Ultrasound 9:377-381. 
[37] Rails PW, Quinn MF, Rogers W, Halls J (1981) Sonographic 

anatomy of the hepatic artery. AJR 136: 1059-1063. 
[38] Roubin GD, Dake MD, Napel SA, Mc Donnel CH, Jeffery 

RB Jr (1993) Three dimentional spiral CT angiography of 

the abdoment: initial experience. Radiology 186:147-152. 

[39] Hiatt JR, Gabbay J, Busuttil RW (1994) Surgical anatomy of 

hepatic arteries in 1000 cases. Ann Surg 220:50. 



i i  ¸ 

ULTRASONOGRAPHICAL ANATOMY FOR THE SURGEON. 
TH E VALU E 0 F I NTRA-0 P E RATIVE 
ULTRASONOGRAPHY 
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4.1. Introduction 

This chapter drew and wrote by the authors intended 
to evoke the interest of surgeons about ultrasonogra- 
phy on liver and biliary tree. The value of this indi- 
spensable tool is that it can be also applied with high 
sensitivity and specificity intraoperatively and in endo- 
scopic and laparoscopic diagnostic and interventional 
procedures. 

4.2. Transabdominal Ultrasound 

Ultrasonography will likely remain the initial mode 

of evaluation of liver in most clinical practices as it pro- 
vides safety, ease of performance, portability, availabi- 
lity and speed as well as bearing a relatively low cost. 
Real-time scanning does not provide global view of the 
liver and is operator dependent. Modern machines pro- 
vide images of high quality, enabling 5D reconstruction 
[1]. 

Understanding the vascular anatomy of the liver is 
essential to an appreciation of the relative position of 
the hepatic segments (interlobar and intersegmental). 
The major hepatic veins course between the lobes and 
segments (intrasegmental), with the exception of the 
ascending portion of the left portal vein, which runs in 
the left intersegmental fissure [2] (fig. 4.1). 

Poster ior  An terior M idd le  

l o b e  

Lateral  

Cephalic 

caudate  

Vena Cava 

Por ta l  vein 

Round 
l i g a m e n t  

Fig. 4.1. Understanding the vascular 
anatomy of the liver is essential to an 

appreciation of the relative position 
of the hepatic segments. 
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Inf.VC = Inferior Vena Cava. 

RHV = Right Hepatic Vein. 

MHV = Middle Hepatic Vein. 

LHV = Left Hepatic Vein. 

L.Lat. HS = Left Lateral Hepatic Sector. 
MHS = Middle Hepatic Sector. 
RAHS = Right Anterior Hepatic Sector. 

RPHS = Right Posterior Hepatic Sector. 

Fig. 4.2. The section of the liver seen on the left column of the page 
is a Subcostal Oblique Section. The sections in ultrasonography 
which fol low are as the afore-mentioned section but parallel in 

different levels. Firstly study the ultrasonography on the left of the 

page. Secondly study the schematic illustration to understand the 

anatomy in lUS. Study again and again the two illustrations. 
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Fig. 4.2. a, b, c, d, e: Liver anatomy in different subcostal oblique sections of physiologic liver. 
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RK = Right Kidney. 
Portal V = Portal Vein, 

Lig. T. = Ligamentun Terres. 

Fig. 4.3. The section of the liver seen on the left column of the page 
is a Transverse Section. The sections in ultrasonography which 
follow are as the afore-mentioned section but parallel in different 
levels. Firstly study the ultrasonography on the left of the page. 
Secondly study the schematic illustration to understand the anato- 
my in lUS. Study again and again the two illustrations. 
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Fig. 4.3. a, b, c, d, e: Liver anatomy in different transverse sections of physiologic liver. 
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Fig. 4.4. The section of the liver seen on the left column of the page 
is a Sagittal Section. The sections in ultrasonography which follow 
are as the afore-mentioned section but parallel in different levels. 
Firstly study the ultrasonography on the left of the page. Secondly 
study the schematic illustration to understand the anatomy in lUS. 
Study again and again the two illustrations. 
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Fig. 4.4. a, b, c, d, e" Liver anatomy in different sagittal sections of physiologic liver. 
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Fig. 4.5. The section of the liver seen on the left column of the page 
is a Longitudinal Oblique Section. The sections in ultrasonography 
which follow are as the afore-mentioned section but parallel in 
different levels. Firstly study the ultrasonography on the left of the 
page. Secondly study the schematic illustration to understand the 
anatomy in lUS, Study again and again the two illustrations. 

3 . .  
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Fig. 4.5. a, b, c, d, e: Liver anatomy in different Iongitundinal oblique sections of physiologic liver. 
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A complete survey of the liver with subcostal obli- 
que, transverse, sagittal, and longitudinal oblique views 

can give specific information to the radiologist and 

surgeons, familiar with the exact hepatic anatomy. The 

universal nomenclature for hepatic lesion localization 

is based on Couinaud's anatomy [3]. Figures 4.2, 4.3, 

4.4 and 4.5 show the exact liver anatomy proposed by 

Couinaud in different sonographic planes. 

4.3. Intra-Operative Ultrasound (IOUS) 
of the Liver 

The resection of tumors from the liver is a demanding 

and risky surgical intervention. Contemporary imaging 

modalities can now provide the surgeon with high 

quality images depicting not only normal anatomy and 

pathology, but also vascularity and function. 

Intra-operative ultrasound (IOUS) has become an 

essential tool for the surgeon in the field of hepatobi- 

liary surgery. IOUS provides the operating surgeon 

with useful real-time diagnostic and staging informa- 

tion that may result in an alteration in planned surgical 

approach. It is considered to be the most sensitive 

imaging modality for detection of focal liver lesions. It 

has been shown to affect the clinical management of 

patients with hepatic metastases (usually colorectal) 

measuring <2 cm in diameter and primary liver tumors 

undergoing exploratory laparotomy and segmental re- 

section. It is now used routinely to assist in planning 
for liver resection, mainly to enable detection of addi- 

tional tumors -no t  seen at preoperative imaging- and 

in the evaluation of the relationship between tumor's 
major vascular structures. It is inexpensive and can be 
easily integrated into the OR. With recent improve- 
ments in technology [3], IOUS has now become an 

indispensable means of defining the extent of disease 

and respectability, providing a guide to anatomic and 

nonanatomic hepatic resections as well as minimally 

invasive and percutaneous ablative techniques. 

There are several advantages that emanate from the 

combination of B-mobe ultrasound with color Doppler 

imaging and/or power flow. These include: 

1. Rapid and more precise identification of the anatomi- 

cal structures, i.e., vessels, ducts and tissue spaces. 

2. Detection of small lesions that are difficult or impos- 

sible to be recognized by B-mode scanning alone. 

Small lesions can easily be missed if they have acou- 

stic characteristics similar to those of the adjacent 

hepatic parenchyma. Also small simple cysts are 

confidently diagnosed with IOUS. 

3. More accurate assessment of vascular encasement/  

involvement by tumor and precise display of major 

vessels anatomically related to the tumor. IOUS is 

useful in depicting venous thrombus showing the re- 

lationship between tumor and vessels, and enabling 

differentiation between extrinsic venous compres- 

sion and tumor extension into veins. 

4. Real-time guidance for safe parenchymal dissection 

of solid organs with identification and preservation 

of blood supply. 

5. Precise guided needle biopsy or puncture. 

6. Visualization of bile flow in the common bile duct 

by power flow. 

To obtain the most useful information with intraopera- 

tive US, the sonographer should use a dedicated trans- 

ducer and a scanning method appropriate for the pur- 

pose of the examination. In addition, the radiologist 

must be familiar with the relevant intraoperative and 

vascular anatomy and the spectrum of normal and ab- 

normal findings as well as being alert to the pitfalls that 

frequently occur in the interpretation of intraoperative 

US images of the liver. The IOUS combined with bima- 

nual palpation of the liver is significantly more accura- 

te than other computed tomography (CT) or percuta- 
neous ultrasonography employed pre-operatively. The 
ultrasound must be obtained after complete hepatic 

mobilization [ 1]. 
Many studies [4, 6], have shown the superiority of 

IOUS, compared with helical computed tomography 
or MR imaging, in the depiction of liver lesions. The 

liver was evaluated, with knowledge of the CT and MR 

imaging findings, for the number of lesions, hepatic 

segmental localization, and the relation of the lesions 

to the hepatic veins, inferior vena cava, portal vein 

branches and hepatic hilum. The IOUS proved useful 

in depicting venous thrombus, showing the relation- 

ship between tumor and vessels and enabling diffe- 

rentiation between extrinsic venous compression and 

tumor extension into veins. 

The intra-operative ultrasound is further useful for 

delineation of hepatobiliary anatomy during laparosco- 
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pic cholecystectomy [7] (fig. 4.6, 4.7, 4.8, 4.9). Addi- 

tionally, it can detect useful anatomic information prior 

to dissection of the cystic duct and is accurate in dete- 

cting common bile duct (CBD) stones. In cases of he- 

patolithiasis, IOUS offers accurate localization of sto- 

nes, lithotomy (with its guidance), reduction in the ra- 

te of residual stones, and a follow up of the outcome of 

lithotomy. Laparoscopic cholecystectomy (LC) with 

IOUS is associated with fewer bile duct complications 

(CBD injuries, bile leaks, and retained CBD stones) 

than LC without adjunctive imaging. In cases of acute 

cholecystitis the IOUS is used as an aid to dissection. 

IOUS may also be useful in the staging of pancreatic 

malignancy and pathology of the periampullary region. 

A complete surgical resection is dependent on accurate 

preoperative and intraoperative imaging of tumor and 

its relationship to vital structures. IOUS is a very sensi- 

tive method for assessing tumor resectability during 

surgery. It greatly facilitates intra-operative decision- 

making [8], whilst adding little time and no morbitity 

to the operation. 

One of the limitations of intraoperative ultrasound 

is image quality insofar as tumor and vessels are some- 

times difficult to delineate. Also small and especially 

iso-echoic lesions can still be missed and characteriza- 

tion of subcentimetre lesions is difficult. The use of 

gas-containing contrast agents improves the detection 

and characterization of focal liver lesions and more 

particularly the detection of small metastases [2, 5]. 

However, in cirrhotic patients with hepatocellular 

carcinoma, contrast-enhanced ultrasound provides such 

information about tumor vascularity that is useful for 
nodule differentiation, improving the surgical radicali- 

ty. Contrast enhanced intraoperative ultrasound also 

provides information on primary or metastatic tumors 

of the liver that cannot be otherwise obtained with 

conventional IOUS (defines the tumor margins). 

In oncological liver surgery the aim is to complete- 

ly resect one or several lesions with a security margin 

and to resect as little healthy parenchyma as possible. 

In most cases, however, healthy parenchyma has to be 

resected if its blood supply and drainage risk being 

disrupted by surgery. Recently, the involvement of the 

IO 3D US has increased the orientation ability of the 
surgeon. 

The IOUS is non-invasive, fast, repeatable, and can 

corroborate real-time visualization of the operative 

Fig. 4.6. IOUS: CBD, Hepatic artery (arrow) and Portal vein. 
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Fig. 4.7. IOUS: IVC and Hepatic veins. 
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field. It pinpoints the exact intraoperative location of 

the tumor, its relative position to important liver ves- 

sels and the boundaries of vascular territories, naviga- 

ting the way for present day precise and safe liver sur- 
gery. 

Fig. 4.8. IOUS: Portal vein(arrowhead) and left main portal branch. 

Fig. 4.9. IOUS: CBD (arrow) and portal vein (arrowhead). 
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ELEMENTS OF THE BILIARY TRACT 
AND LIVER PHYSIOLOGY 

Th. Christofides, Ch. Con. Karaliotas, G. Sgourakis, Con. Ch. Karaliotas 

5.1. Bile Composition 

One of the most important functions of the liver is the 

secretion of bile which normally varies between 0,6 and 

1,2 lit/day. Composition of bile is given in table 5.1. 

Table 5.1 shows that, after water, the most abun- 
dant component parts secreted in bile are the bile salts 
[1]. Bilirubin, cholesterol, lecithin and the respective 
electrolytes of plasma are also secreted or excreted in 
bile in large concentrations. It should be pointed out 
that the concentrations of substances in gallbladder bi- 
le differ from those in liver bile. Indeed, water and lar- 
ge portions of the electrolytes -with the exception of 
calcium ions- are reabsorbed by the gallbladder muco- 

sa, after which, the concentrations are lower than tho- 

se in liver bile. In contrast, all the other components, 

such as the bile salts and the lipid substances choleste- 

rol and lecithin, are not reabsorbed by gallbladder mu- 

cosa as a consequence of which, higher concentrations 

of these components are observed in gallbladder bile. 

The liver cells continually secrete bile which is both 

stored and concentrated in the "gallbladder sac", or di- 

rectly flows away into the duodenum. Ultimately two 

portions of bile empty into the duodenum: the first 

portion of bile comes directly from the liver via the 

common bile duct and the second from the gallbladder 

via the cystic duct. 

5.1.1.  The  Role of  Secre t in  

Secretin, a 27-amino acid neuropeptide, was originally 

discovered by Bayliss and Starling who demonstrated 

that this hormone stimulates pancreatic and bile flow 

in dogs [2]. It is synthesized by specific endocrine cells, 

S cells, which are mainly localized in the mucosa of the 

duodenum and proximal jejunum. Secretin is involved 

in the regulation of the physiology of many organs in- 

cluding the intestine, the liver, the pancreas, and the 

brain. It has both a stimulatory and an inhibitory effect 

on gastric mucosa, by enhancing the secretion of pep- 

sin and by blocking the secretion of gastric acid and 

gastrin from G cells in the gastric antrum. In addition, 
this hormone decreases the lower esophageal sphin- 

cter pressure and relaxes the sphincter of Oddi. 

Experimental studies in animal models have shown 

that secretin increases bicarbonate-rich bile secretion. 

These studies suggested that secretin-stimulated bicar- 

bonate-rich bile flow derives from the interaction of 

this hormone with the intrahepatic bile ducts, which is 

that unit of liver epithilium that is mostly responsible 

for the secretory/absorptive activity. 

As secretin binds to its receptors (SR), an increase 

in cAMP levels in extrahepatic bile duct tissue is obser- 

ved, suggesting that cAMP may be a second messenger 

system for secretin. This results in activation of the C1- 

channel cystic fibrosis transmembrane regulator (CFTR) 
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with subsequent activation of the e l - / H C O  3 exchan- 
ger leading to bicarbonate secretion in ductal bile [3]. 

Many factors that influence the secretin-stimulated 
ductal secretion have been studied. Among these, pa- 
rasympathetic innervation and the peptides endothe- 
lin, VIP, bombesin and substance P are believed to po- 

tentiate the effect of secretin. On the contrary alkaline 
phosphatase, the hormones gastrin and somatostatin 

and the peptide endothelin decrease its choleretic effect. 
What was particularly revealing after the identifica- 

tion and studying of different subpopulations of cho- 
langiocytes, is that secretin receptors are solely expres- 
sed by large cholangiocytes in large ducts. The C1-/ 
HCO~ exchanger, an important component of secretin- 
stimulated bicarbonate-rich choleresis, is therefore on- 
ly expressed by large bile ducts in humans [4]. 

5.2. Mechanism of Emptying 
of the Gallbladder 

5.2.1.  H o r m o n a l  and  N e u r o n a l  Regu la t ion  
of  G a l l b l a d d e r  E m p t y i n g  

The drainage channel for bile to flow away from the 
gallbladder into the common bile duct is the cystic duct, 
but it is the cholecystokinin stimulus that mainly drives 
the procedure of rhythmical contractions of the gall- 

bladder wall. 
The stimulus for the release of cholecystokinin in 

the blood is a meal abundant in fat. Meal without fat 
cannot generate excretion with a sufficient quantity of 
cholecystokinin. 

Cholecystokinin is the same substance that causes 
increased secretion of the pancreatic enzymes, mainly 
lipase, trypsine, amylase, by acinar pancreatic cells. 

It has been known for decades that cholecystokinin 
(CCK) exerts a stimulatory effect on gallbladder empty- 
ing [5]. However the actual mechanisms that lead to 

hormonal and neural regulation of gallbladder function 

are not fully understood, given that the nerves that lie 

within the wall of the organ must be recognized and 

described. 
Results of electrophysiological and immunohisto- 

chemical studies showed that ganglia that lie within 
the wall of the gallbladder are the target for modulato- 
ry hormonal, sympathetic and visceral afferent signals 
that influence its muscle and epithelial activity. The 

muscular coat and the epithelium of the gallbladder are 
innervated by neurons that are located in a gangliona- 
ted plexus lying between the muscular and serosal 
layers of the organ. The muscularis and mucosal layers 
also contain a mixture of intrinsic neurons, sympathe- 
tic postganglionic fibers and sensory fibers [6]. The 
gallbladder ganglia are subjected to two types of exci- 
tatory synaptic inputs, the fast excitatory synaptic po- 
tentials (EPSP) and slow EPSPs. The fast EPSPs are me- 
diated primarily by vagal inputs, and physiologic sig- 
nals either act presynaptically on vagal terminals or post- 
synaptically on gallbladder neurons. No inhibitory sy- 
naptic events have been recognized in gallbladder gan- 
glia so far. 

The conventional view is that CCK acts directly on 
smooth muscle cells to cause gallbladder emptying, but 
recent evidence suggests that a neural mechanism is 
more important physiologically. Experimental studies 
indicate that CCK can act presynaptically in gallbladder 
ganglia to increase synaptic input to gallbladder neu- 
rons [7]. Thus, CCK acts on cholinergic nerve terminals 
to increase the amount of acetylcholine released each 
time an action potential reaches that terminal. As a con- 
sequence the amplitude of the fast EPSP is increased 
resulting in the release of neurotransmitter onto the 
muscle. 

The ganglionated plexus of the gallbladder contains 
rich networks of sympathetic postganglionic fibers as 
well as sensory fibers. Experimental studies throughout 

1990 indicate that sympathetic nerves may terminate 
presynaptically in the ganglionic plexus. An exogenous 
application of norepinephrine decreases the amplitude 
of fast EPSPs in gallbladder ganglia by acting o n  a 2-  

adrenoreceptors. Therefore, norepinephrine and CCK, 
which have opposite effects on the contractility of the 
gallbladder, both act presynaptically, and have opposi- 
te effects on the release of acetylcholine from vagus 

nerve terminals. 

5.2.2.  S p h i n c t e r  of  O d d i  

The effective emptying of the gallbladder is achieved 
by simultaneous relaxation of the sphincter of Oddi, 
which guards the distal ends of the common bile duct 
and the pancreatic duct (either their common or their 
separate exit into the duodenum). 

Consequently for the gallbladder to empty fully, the 
cooperation of two mechanisms is required: first, the 
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strong contraction of the wall of the gallbladder (as me- 
diated by the neurohormonal control) and second, the 

fall of the intraluminal pressure of the common bile 

duct as a consequence of the reduction in the sphincter 

of Oddi basal pressure. 

Manometric recordings have demonstrated that the 

human sphincter of Oddi is characterized by promi- 

nent phasic contractions superimposed on a basal sphin- 

cter pressure 3mmHg above the pressure in the com- 

mon bile duct and pancreatic duct, as a result of which 

even the stronger contractile activity of the gallblad- 

der, cannot make emptying possible [8]. Relaxation of 

the sphincter is a prerequisite for the emptying pro- 

gress. 

Factors affecting the relaxation are as follows: fir- 

stly, although cholecystokinin causes contraction of the 

gallbladder, it acts as relaxant factor on the sphincteric 

fibers, but this relaxation is not sufficient to allow sig- 

nificant emptying of gallbladder; a second factor is the 

transmitted peristaltic waves coming from gallbladder 

contractions, which usually cause a leading wave of 

relaxation that acts on the sphincter of Oddi, inhibiting 

the sphincter in advance of the peristaltic wave; the 

third factor that causes relaxation of the sphincter is 

the intestinal peristaltic waves. When these waves tra- 

vel over the wall of the duodenum itself, their relaxa- 

tion phase exerts a strong relaxing effect of the sphin- 

cter [9]. This seems to be by far the most strong and 

significant factor of all the relaxant factors on the sphin- 

cter of Oddi. Subsequently, bile enters the duodenum 

in a squirt fashion, coinciding with the relaxation 

phase of the duodenal peristaltic waves. 

5.2.3.  Bile Acids and their Function 

Bile acids are physiologic detergents that facilitate 

excretion, absorption, and transport of fats and sterols 

within the intestine and liver. They comprise about 

65% of the dry weight of bile. Bile acids have a steroid 

nucleus and are synthesized in the liver by cholesterol 

through several intermediary steps. Cholic acid (CA) 

and chenodeoxycholic acid (CDCA) are the major bile 

acids synthesized by the hepatocytes and are called the 

primary bile acids. 

The 7a-hydroxyla t ion  of cholesterol is the rate- 

limiting step in the pathway for synthesis of the acids. 

The reaction is catalyzed by 7o -hydroxylase, a typical 

monooxygenase, that requires oxygen, NADPH and 

cytochrome P-450 [10]. Another microsomal cytochro- 
me P-450, sterol 12ct- hydroxylase is involved in the 

synthesis of cholic acid and controls the ratio of CA to 

CDCA. After modifying the steroid ring, sterol 27- hy- 

droxylase catalyzes the steroid side-chain oxidation 

and cleavage. Cloning of the genes encoding for the 

regulatory enzymes participating in bile acid biosyn- 

thesis has provided molecular tools for understanding 

the regulatory mechanism. Proving the existence of 

human mutations in bile acid biosynthetic genes in pa- 

tients with liver and cardiovascular diseases has pro- 

vided evidence that bile acid synthesis is linked to 

cholesterol metabolism and that a deficiency of bile 

acid synthesis leads to dyslipidemia liver cirrhosis, gall- 

stone disease, and cardiovascular disease in humans [11]. 

Bacteria in the digestive tract dehydroxylate bile 

acids to form secondary bile acids such as deoxycholic 

acid and lithocholic acid. The bile contains both pri- 

mary and secondary bile acids. Since bile contains sig- 

nificant quantities of sodium and potassium and the 

pH is alkaline it is thought that the bile acids and their 

conjugates are made up of a salt form- hence the term 

"bile salts". 

In the intestinal tract the bile acids serve two fun- 

ctions. Firstly they decrease the surface tension of fat 

particles in the digestive tract, an action known as the 

detergent or emulsifying function of bile salts. Secon- 

dly, bile salts play a significant role in the absorption of 

the products of fat metabolism. They form complexes 

called micelles, which are highly soluble because of 

the electrical charges of bile salts, and lipids are car- 

ried to the intestinal mucosa in this form where they 
are finally absorbed. 

5.2.4.  Cholesterol  Secret ion 
and the Formation of  Gal lstones  

Hepatic cells use cholesterol as a substrate for the 

formation of bile acids and, as bile acids are secreted 

into bile, cholesterol is also found there most probably 

representing a byproduct of bile salt formation and se- 

cretion. Depending on the amount of fat an individual 

consumes, a relevant amount of cholesterol is found in 

bile since the hepatic cells synthesize cholesterol as 

one of the products of fat metabolism. 

Cholesterol is a hydrophobic molecule, almost 
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completely insoluble in solution. It is secreted into the 

bile as cholesterol-phospholipid vesicles. Cholesterol 

crystals formation seems to occur at the surface of 

these vesicles. Phospholipids such as lecithin and bile 

salts combined physiologically, producing an environ- 

ment where cholesterol is dispersed in the form of mi- 

celles which are soluble particles. The vesicles and mi- 

celles are the two forms by which cholesterol is held in 

solution. Any condition that produces an imbalance 

between the constituents of the micelles predisposes 

to cholesterol precipitation and gallstone formation. 

Conditions that can lead to stone formation include in- 

creased absorption of either water or bile salts from 

the bile, increased secretion of cholesterol in the bile 

and inflammation of the epithelium of the gallbladder. 

The risk of precipitation is directly related to choleste- 

rol concentration and inversely to the concentration of 

bile salts and lecithin, giving rise to a triangular coordi- 

nate as shown in fig. 5.1 [12]. 
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Fig. 5.1. Triangular coordinates relating solubility of cholesterol 
with concentration of cholesterol, bile salts, and lecithin. 

Gallstones are formed when the solubility of biliru- 

bin or cholesterol is exceeded. The cholesterol stone is 

composed mainly of cholesterol (> 50% of stone com- 

position) and comprises multiple layers of cholesterol 

and mucin glycoproteins. Pure cholesterol stones are 

not common; they comprise less than 10% of all sto- 

nes. Most other cholesterol stones contain variable 

amounts of bile pigments and calcium. Risk factors for 

the development of gallstones are well recognized, as 

is shown in table 5.2. 

Obesity, high fat diet, estrogens, heredity, loss of bile 

salts and impaired gallbladder emptying, can all pre- 

dispose an individual to a higher risk of developing 

gallstone disease. A genome wide search was recently 

published for establishing major susceptibility loci for 

gallbladder disease in specific minority groups where 

the prevalence of the disease is particularly high (chro- 

mosome 1 of Mexican Americans) [13]. It is also been 

documented that adiponectin, a protein hormone that 

modulates a number of metabolic processes including 

fatty acid catabolism, is associated with gallstone for- 

mation. It was found that decreased adiponectin levels 

is associated with cholesterol gallstone formation and 

that increased levels of the hormone and increased age 

is correlated with pigment stone formation [14]. 

Pigment stones are dark due to the presence of cal- 

cium bilirubinate. They contain less than 20% choleste- 

rol and are usually formed secondary both to hemoly- 

tic disorders such as sickle cell disease and spherocy- 

tosis, and in those with cirrhosis. Two types are recog- 

nized, black and brown, both having little in common. 

Black pigment stones are small and brittle and they al- 

most always formed in the gallbladder. They are the re- 

sult of supersaturation of calcium bilirubinate, carbona- 

te and phosphate. When the level of deconjucated bi- 

lirubin is increased in the bile, precipitation with cal- 

cium occurs. 
Brown stones may form in the gallbladder or in the 

bile ducts usually after bacterial infection caused by bi- 

le stasis. The bacteria responsible for the infection en- 

zymatically catalyze the conversion of bilirubin glucu- 

ronide to insoluble unconjugated bilirubin. The major 

constituents of these small brownish-yellow soft stones 

are precipitated calcium bilirubinate and bacterial cell 

bodies. In western countries, these stones occur as pri- 



Th. Christofides, Ch. Con. Karaliotas, G. Sgourakis, Con. Ch. Karaliotas 65 

mary bile duct stones in patients with strictures or in 

those who develop bile stasis and bacterial infection. 

5.3. PhySiOlOgiC Anatomy of the Liver 

The basic structural component  of the liver is the he- 

patocyte, or liver cell. These epithelial cells are grou- 

ped together in interconnected plates. The basic fun- 

ctional unit of the liver is the liver lobule of which hu- 

mans contain many thousands. It is difficult to esta- 

blish the exact limits of the lobules since they are in 

close contact in most of their extent. In some regions, 

the lobules are demarcated by connective tissue con- 

taining bile ducts, lymphatics, nerves and blood ves- 

sels. These regions, located at the corners of the lobu- 

les and occupied by portal triads are called portal spa- 

ces. There are three to six portal triads per lobule, each 

containing a venule (a branch of the portal vein); an 

arteriole (a branch of the hepatic artery); a duct (part 

of the bile system); and lymphatic vessels. 

According to Rappaport, however, the functional 

division of the liver is physiologic: each portal triad is 

perceived as the center, not the periphery, of a functio- 

nal microvascular unit or acinus. Each acinus is divided 

into three zones based on the distance from the fee- 

ding vessels; the traditional centrizonal region of the 

lobule is in reality the periphery (zone 3) of two or 

more acini. 

The hepatocytes are arranged radically in the lobu- 

le. They form a layer of one or two cells thick similar 

to bricks of a wall. These cellular plates have a dire- 

ction from the periphery to the center of the lobule. The 

spaces between these plates contain capillaries known 

as liver sinusoids. These sinusoids are irregularly dila- 

ted vessels made up mainly of fenestrated endothelial 

cells. The endothelial cells are separated from the 

neighboring hepatocytes by a subendothelial space 

known as the space of Disse, in which projections of 

the hepatocytes such as reticular fibers and microvilli 

can be found [15]. As the hepatocyte surface is in close 

contact with the endothelial wall, it is easy for macro- 

molecules to be exchanged from the sinusoidal lumen 

to the liver cell and vice versa. 

Other types of cells that can be found in the liver 

iobule, are macrophages and fat-storing cells. The for- 

mer are called Kupffer cells belonging to the mononu- 

clear phagocyte series, and are found on the luminal 

surface of the endothelial cells. The fat-storing cells are 

called Ito cells and are located in the space of Disse. 

The blood flow of the liver is derived from two 

sources, the portal vein and the hepatic artery. It repre- 

sents 25% of the cardiac output. The portal vein pro- 

vides about the three fourths of the blood flow and as 

the portal venous blood has already passed through the 

gastrointestinal capillary bed, much of the 0 2 has been 

extracted. Blood coming from the hepatic artery is 

fully saturated and therefore the three-fourths of oxy- 

gen used by the liver is derived from the hepatic arte- 

rial blood. 

As the portal vein and the hepatic artery branch, they 

give rise to terminal portal venules and hepatic arterio- 

les that enter the hepatic acinus. Blood flows from the- 

se terminal vessels to sinusoids which constitute the 

capillary network of the liver. By directing the blood 

to the periphery of the acinus, the sinusoids connect to 

terminal hepatic vessels. Drainage of these terminal 

venules is made by larger branches of hepatic veins, 

which are tributaries to the inferior vena cava. 

Portal venous pressure is normally about 10 mmHg 

in humans, and hepatic venous pressure is approxima- 

tely 5 mmHg. The mean pressure in the hepatic artery 

branches converging on the sinusoids is about O0 

mmHg. The pressure in the sinusoids is lower than the 

portal venous pressure, so there is a marked pressure 

drop along the hepatic arterioles. There is an inverse 

relationship between hepatic arterial and portal venous 

pressure, and blood flowing in the portal venous and 

arterial systems varies reciprocally. According to one 

hypothesis, adenosine is the substance that in part 
maintains the inverse relation between the arterial and 

portal venous flow. As it is constantly produced by me- 

tabolism, it may accumulate when the portal flow is re- 

duced. The accumulation of adenosine dilates the ter- 

minal arterioles. Recently, attention was focused on the 

role of endothelial cell lining of the sinusoids as well as 

the stellate cells located in the space of Disse, concer- 

ning the regulation of the diameter of the sinusoids 

and consequently the distribution and velocity of blood 

flow through these vessels [16]. 

Changes in the presinusoidal resistance have little 

effect on the fluid exchange across the sinusoidal wall. 

On the contrary, changes in the hepatic venous pressu- 

re are transmitted to hepatic sinusoids and affect the 
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exchange of fluids at the level of the sinusoids. The 

elevation of central venous pressure, as for example in 

congestive heart failure, causes plasma water to transu- 

date from the liver into the peritoneal cavity leading to 

ascites. 

5.4. Bilirubin Metabolism 

and the Enterohepatic Circulation 

About 250 to 350 mg of bilirubin forms daily; 70 to 

80% derives from the breakdown of senescent RBCs, 

namely the haemoglobin heme group. This takes place 

in the kuppfer cells of the liver and the reticuloendo- 

thelial (RES) system. The remaining amount comes 

from the catabolism of other haem-containing pro- 

teins, such as myoglobin, cytochromes ( P-450, c) and 

catalases [ 17]. 

The heam ring is cleaved in the RES to form biliver- 

din, which in turn is oxidized to bilirubin. Because of 

internal hydrogen bonding, bilirubin is not water-solu- 

ble and, as soon as it is liberated into the plasma, it is 

transported to the liver bound tightly but reversibly to 

albumin. 

Four phases of hepatic bilirubin metabolism are re- 

cognized: (1) uptake, (2) binding (3) conjugation, (4) 

excretion into the bile [18]. Bilirubin dissociates from 

albumin and is taken up by the hepatic cell membrane.  

It is transported to the endoplasmic reticulum by cyto- 

plasmic proteins e.g ligandin, where it is conjugated 

with an acid, glucuronic acid, and excreted into bile. 

The reactions for the formation of mono- and diglugu- 

ronides are catalyzed by the enzyme uridinedipho- 

sphate (UDP) - glucuronyl transferase. This conjugated 

bilirubin is water soluble and is actively secreted into 

the bile canaliculi and excreted into the intestine with 

the bile. Because of its large molecular size it is not ab- 

sorbed by the intestine, but the molecule is hydrolyzed 

by bacterial enzymes and released free bilirubin. Sub- 

sequently is reduced to urobilinogen, a colorless tetra- 

pyrrole. Some of this is excreted in the stools as ster- 

cobilinogen. Approximately 20% of the urobilinogen is 

reabsorbed and undergoes an enterohepatic circula- 

tion [19]. Conjugated (direct) bilirubin is both water 

soluble and less tightly bound to albumin than uncon- 

jugated pigment, and is therefore filtered by the glo- 

merulus and appears in the urine when plasma levels 

are increased. 

Knowing the pathways of bilirubin formation, me- 

tabolism and excretion allow us to approach the jaun- 

diced patient. An easy way to determine whether  con- 

jugated or unconjugated hyperbil irubinemia is present, 

is to test the urine for bilirubin [17]. If positive, conju- 

gated hyperbilirubinemia is present. An elevation of 

the direct reacting bilirubin does not provide informa- 

tion in regard to the location of cholestasis. Indeed, bi- 

lirubin levels are neither very sensitive nor very speci- 

fic in detecting liver disease. Furthermore, in cases of 

localized biliary obstruction as for example in intrahe- 

patic gallstones or tumors, bilirubin can be within nor- 

mal range for a long time, reflecting the functional re- 

servoir of the normal parenchyma [20]. 

Mechanisms contributing to predominantly uncon- 

jugated hyperbilirubinemia include: (1) increased pro- 

duction, as in hemolytic anemias, (2) decreased hepa- 

tic uptake, following administration of certain drugs or 

due to Gilbert's syndrome, (3) decreased conjucation, 

as in Crigler Najjar type II syndrome [21]. Crigler-Naj- 

jar syndrome type I causes neonatal kernicterus and is 

almost always fatal. Conjugated hyperbilirubinemia 

suggests either (1) a defect in intracellular transport of 

bilirubin or (2) mechanical obstruction to the major 

extrahepatic bile ducts. 
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CONVENTIONAL IMAGING STUDIES 
OF THE BILIARY TRACT 

L. Thanos, S. Mylona 

6.1.  I n t roduc t ion  - A b d o m i n a l  Plain X-Ray  

The plain abdominal X-ray is the simplest and oldest 

imaging modality, however it is not very useful in the 

detection of biliary tract pathology. Findings that relate 

to biliary tract disease are seen quite by chance in an 

abdomen X-ray done for other reasons (e.g., detection 

of free intra or extraperitoneal gas), as the plain X-ray 

is no longer requested for its detection. 

Biliary stones can be shown, if they are calcified. It 

is estimated that the percentage of gallstones that are 

radiopaque reaches 20-30%. Gallstones with mixed con- 

stituents, namely "mercedes benz" gallstones, have a 

characteristic stellate faceted appearance with gas con- 

taining fissures. Another chance finding is a porcelain 

gallbladder, caused by calcification of its wall (fig. 6.1), 

subsequent to chronic inflammatory irritation and pre- 

disposed to malignant change. 

In addition, the presence of gas in the biliary tree, 

the gallbladder's lumen or gallbladder's wall may be 

seen in plain film. The gas is seen in the instance of 

emphysematous cholecystitis or as a result of bilioente- 
tic communication (former anastomosis due to endo- 

scopic or surgical sphincterotomy or sphincteroplasty, 

or due to surgical cholecyst-duodenostomy or chole- 

docho-enterostomy). Other rare causes of communica- 

tion between biliary tract and intestine are abnormal 

formation of fistulas due to local invasion of malignant 

tumor, duodenal ulcer penetration into the CBD, or 

penetration of the gallbladder's wall from a calculus. 

This late condition may cause obstructive ileus that can 

also be recognized in a plain abdominal X-ray. An- 

other rare cause of gas in the biliary tree is dysfunction 

of the sphincter as a result of ampulla malignancy or 

following recent passage of a stone. In any abnormal 

bilioenteric communication, when a barium study is 

performed it may reflux into the biliary tree. 

In chronic liver abscess from Ascariasis, worms as 

longitudinal opacities against a gaseous background 
may detected on plain film. 

A hydropic gallbladder is seen upon or below the 

shadow of the liver as a homogenous slightly hyper- 

dence rounded mass. 

In case of the biliocutaneous fistula, a fistulography 

may be performed by catheterization of the duct and 

opacification of the abnormal communication with a 

contrast material injection. 

Fig. 6.1. Plain X-ray film: Porcelain gallbladder. 

6.2.  T r a n s a b d o m i n a l  U l t r a s o n o g r a p h y  

of  the  Bi l iary Tract  

Ultrasound is the most cost effective, most safe stand 
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method for imaging the biliary tree and the gallbladder 

with an accuracy rate of 95% [1]. It is the initial exami- 

nation for investigation of patients with right quadrant 

abdominal pain and jaundice. It can disclose any ab- 

normality of the gallbladder, and the biliary tree. 

6.3. Gallbladder Ultrasonographic Imaging 

Cholelithiasis detection is the principal role of gall- 

bladder ultrasonography (fig. 6.2). Gallstones appear as 

hyperechoic foci with a posterior acoustic shadow and 

are freely mobile as the patient's position changes. This 

is the classic triad that characterizes a gallstone. Non- 

shadowing echo densities correlate with calculi in only 

50% of cases [2]. Gallstones as small as 1-2 mm can be 

detected with modern equipment, resulting in sensiti- 

vity and specificity of sonography up to 95% and 97% 

respectively [1]. Many times these very small calculi 

may fail to demonstrate an acoustic shadow. Repositio- 

ning the patient may give the desired result. Gravity- 

dependent stone movement it may not be visible if im- 

pacted in the gallbladder neck. Occasionally, biliary 

sludge may appear as a mobile mass in the gallblad- 

der's lumen. Its composition may vary from one sub- 

ject to another and contains sludge, blood clots, pus, 

and parasites. This mass has no acoustic shadow [3]. 

Mirizzi syndrome is the result of a gallstone obstru- 

cting the cystic duct, causing extrinsic pressure of the 

common hepatic duct and acute cholecystitis. 
Gallbladder polyps also appear as echogenic foci, 

with no acoustic shadow and remain fixed when chan- 

ging the position of the patient. 

The normal gallbladder wall has a thickness of less 

than 3mm. Many causes predispose to diffuse thicke- 
ning of gallbladder wall, the most common is being 

acute or chronic cholecystitis. Other significant causes 

of gallbladder wall thickening include ascites, alcoho- 

lic liver disease, hepatitis, artifacts induced by the pre- 

sence of pericholecystic fluid, hypoalbuminemia, right- 

sided heart failure, and incomplete gallbladder disten- 

tion. Focal gallbladder wall thickening is associated 

with primary disease. 

Ultasonographic imaging of Gallbladder carcinoma 
may appear as intraluminal mass (10%-28%), asymme- 

tric wall thickening (19%-47%), or a mass replacing 

the gallbladder (28%-39%). Calcification of the wall is 

another finding that may coexist [4]. Ultrasound can 

detect these changes and show possible bile duct dila- 

tation, adenopathy or hepatic metastases [5]. In cases 

of uncertainty, a percutaneous US-guided biopsy may 

safely provide a definite diagnosis [6]. Gallbladder sar- 
comas are very rare and have a similar appearance to 

carcinoma. Other causes of focal wall thickening are 

metastases (melanoma, gastrointestinal cancer and breast 

cancer), polyps (adednomatous, cholesterol), or gan- 

grenous cholecystitis, papillary adenomas, adenomyo- 

matosis (fig. 6.3), and tumefactive sludge [7]. 

Acute cholecystitis imaging is an urgent condition 

that may differentiate from other pathologic entities that 

include pancreatitis, appendicitis, peptic disease, hepa- 
titis, renal and intrathoracic conditions. Ultrasound can 

Fig. 6.2. Ultrasonogram of the gallbladder. Stone into the cystic duct. Fig. 6.3. Ultrasonogram. Adenomyomatosis of the gallbladder. 
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be used to confirm diagnosis and can distinguish acute 

from chronic cholecystitis in 95% to 99% of cases [8]. 

Gallstones accompanied by the presence of the sono- 

graphic Murphy sign suggest acute cholecystitis. This 

inflammatory condition is associated with cholelithia- 

sis in 90% to 95%. Other signs of acute cholecystitis in- 

clude gallbladder dilatation, sludge, and diffuse wall 
thickening. 

Acalculous cholecystitis frequently complicates a 

critical disease (trauma, burns, surgery, diabetes, arte- 

rial chemotherapy, and hyperalimentation) [9]. This 

condition is hardly ever detected sonographicaly. The 

sonograpic Murphy sign may indicate the diagnosis. 

This condition presents complications, such as gangre- 

ne and perforation, more frequently than calculous 

cholecystitis. 

Complications of acute cholecystitis include em- 

physematous and gangrenous cholecystitis potentially 

leading to perforation. All these conditions display in- 

creased morbidity and mortality. Ultrasound can diag- 

nose these complications with great sensitivity and 

specificity [7]. 

In emphysematous cholecystitis gas-forming orga- 

nisms invade and devitalize the gallbladder wall and 

release gas inside its wall and its lumen. Identification 

of this intramural or intraluminal gas is of great impor- 

tance since emphysematous cholecystitis may engen- 

der gangrene of the gallbladder which is associated with 

a high mortality rate. Intramural gas is seen as an area 

of high reflectivity in the gallbladder wall, with distal 

reverberations. A large amount of gas may mimic calci- 

fication; intraluminal gas is seen as a dense band of hy- 

per-reflective echoes, causing reverberation and shado- 

wing that often obscures the posterior wall of the gall- 

bladder. If there is any doubt, the suspected gas colle- 

ction should be confirmed with plain X-ray film or CT. 

Gangrenous cholecystitis may prove fatal for the 

patient and must be suspected in a symptomatic indivi- 

dual with irregularities, focal thickenings and striations 

of the gallbladder wall [10]. The presence of wall ne- 

crosis and formation of microabscesses predispose to 

perforation and empyema. Frequently, intraluminal 

membranes are also seen and are derived from fibri- 

nous strands or exudates, or necrosis and sloughing of 

the gallbladder mucosa [7]. 

Hemorrhagic cholecystitis is a further complication 

of acute cholecystitis. The sonographic findings are si- 

milar to gangrenous cholecystitis. Gastrointestinal blee- 

ding may not be obvious. 

In such complications (especially in gangrenous 

cholecystitis) cholecystectomy is usually required to 

avoid perforation and formation of pericholocystic 

abscess. If the operation is considered too risky for the 

patient a percutaneous clolecystostomy under US gui- 
dance may be performed. 

To classify perforation of the gallbladder Niemeier 

has proposed three stages: a) Acute: causes peritonitis, 

b) Subacute: causes pericholecystic abscess, and c) 

Chronic: causes internal biliary fistula [11]. Most com- 

mon of them is type (b). Early identification is essen- 

tial as it affiliates with 19% to 24% mortality [9]. Sono- 

graphically, it may appear as pericholecystic fluid of 

mixed echogenicity that may envelope the gallbladder, 

rendering it invisible. Color Doppler may disclose the 

internal vascularity in the pericholecystic mass. The 

wall of the gallbladder may not be visible or may be 

thick or emphysematous. The site of perforation may 

be seen as a defect of the wall called the "hole sign". If 

there is a perforation in a bowel loop the fistula may 

be detected. In many cases CT is considered superior 

to US for gallbladder perforation detection. 

Another urgent condition that may require cholecy- 

stectomy or cholecystostomy is gallbladder torsion. 
Sonographically there is little difference from acute 

cholecystitis, with the exception of two findings - the 

floating of the gallbladder away from liver surface and 

a stretching cone-shaped pedicle [12]. 

In xanthogranulomatous cholecystitis the sonogra- 

phic findings are not specific. Cholelithiasis is presen- 

ted in 96% and an irregular thickening of the gallblad- 
der wall resembling carcinoma is displayed in 70% [9]. 

Ultrasound plays an important role in preoperative 

screening of laparoscopic cholecystectomy. Preopera- 

tive ERCP or cholangiography during surgery must be 

performed to exclude choledocholithiasis if small cal- 

culi are presented within the gallbladder. In the event 

of a bile duct dilatation or cloledoholithiasis, preopera- 

tive ERCP or a surgical bile duct exploration is vital. 

Large gallstones require an extensive umbilical inci- 

sion. Complications are suspected, open cholecyste- 

ctomy should be performed. Finally, anatomical varia- 

tions or other abdominal pathology could cause a 

change in the surgical approach [13]. 
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Fig. 6.4. Ultrasound. Dilated intrahepatic bile ducts. 

6.4. Common Bile Duct Imaging 

Biliary obstruction is easily recognized with sono- 

graphy indirectly as biliary tract dilatation (fig. 6.4). To 

determine the cause and the level of this obstruction 

we must bear in mind that bile ducts dilate centrifugal- 

ly from the point of obstruction. Dilatation of extrahe- 

patic bile ducts precede intrahepatic bile duct dilata- 

tion. Clinically, if a patient has dilated ducts but no ac- 

companying symptoms-e leva ted  bilirubin, pain, sep- 

sis, or elevated liver enzymes, including alkaline phos- 

phatase- the dilated ducts are unlikely to be clinically 

relevant. However normal duct diameter does not ex- 

clude obstruction, as dilatation presupposes a com- 

pliant adjacent liver parenchyma. Thus, dilatation of 

intrahepatic bile ducts may not be apparent in patients 

with fibrosed or infiltrative liver parenchyma. More- 

over, normal duct size cannot exclude incipient or in- 

termittent obstruction. The use of color and power  

Doppler may be valuable in demonstrating that the 

dilated structures are ducts and that the normal portal 

veins and hepatic arteries run adjacent to them. The 

cause of obstruction may be extraluminal or intralumi- 

nal, with stone presence being the most common cau- 

se of the latter. 

6.5. Choledocholithiasis Ul t rasonographic  

Imaging 

Choledoholithiasis is investigated in 70% of pa- 

tients as bowel loops may impede visualization of the 

common bile duct [14]. All calculi present an acoustic 

shadow. An uncommon cause of stone obstruction is 

Mirizzi syndrome (impacted stone in the cystic duct), 

which sonographically shows intrahepatic bile duct di- 

latation with normal CBD and a large stone in the cy- 

stic duct or gallbladder neck [15]. Intrahepatic biliary 
calculi are uncommon. They characteristically present 

in recurrent pyogenic cholangitis, a common disease 

in Asia, which may occur in prolonged bile stasis. The- 

se stones have a varied range of appearance and may 

not have an acoustic shadow. Intraparenchymal calcifi- 
cations may be difficult to differentiate from intrahe- 

patic biliary calculi. Shadowing from pneumobilia may 

limit the sonographic ability to evaluate the ductal sy- 

stem. 

6.6. Cholangiocarcinoma Imaging 

Another possible cause of intraluminal obstruction 

is a focal polypoid mass which is visible in the distal 

common bile duct and represents ampulla W neoplasm. 
An unusual case of dilatation is bile duct carcinoma 
(cholangiocarcinoma). This neoplasm is usually loca- 

ted (90%) within the large bile ducts, and the remai- 

ning 10% at the periphery. Local Neoplasms located at 

the convergence of left and right hepatic ducts are 

called Klatskin tumors and represent the 25% of cho- 

langiocarcinomas [16]. Clinically the patient appears 

with biliary obstruction. The most frequent and pos- 

sibly the only sonographic finding of this tumor is dila- 

tation of an isolated intrahepatic bile duct. A mass may 

not be visible, but liver and porta hepatis invasion can 

be detected. The segmental dilatation and non-union 

of the right and left hepatic ducts is characteristic. Di- 

lated intrahepatic ducts with normal extrahepatic bile 

duct are also suggestive of Klatskin tumor. Papillary 

and nodular types of Klatskin cholangiocarcinoma 

manifest as polypoid intraluminar masses. The infiltra- 

ting type, despite being the most common subtype, is 

the most difficult to appreciate in ultrasound. It most 

often appears as an isoechoic infiltration of the peridu- 
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ctal soft tissue and liver, producing a central mass ef- 

fect at the liver hilum with altered liver echogenicity, 

pressure effect on adjacent vessels, especially the por- 

tal vein, or focal irregularity of the ducts. Hepatic lobar 

atrophy indicated by crowding dilated bile ducts, close 

to the liver surface, is strongly indicative of cholangio- 

carcinoma [17]. A similar sonographic appearance to 

common bile duct carcinoma is observed in sclerosing 

cholangitis, AIDS-cholangitis, oriental cholangitis, in- 

vasive hepatoma or gallbladder cancer [7]. Cholangio- 

carcinoma of the distal bile duct needs to be differen- 

tiated from pancreatic head carcinoma, cancer of Vater's 

ampulla, blood clots, strictures and benign tumors. Ex- 
trahepatic cholangiocarcinoma usually appears as a po- 

lypoid mass or more often as a short stricture. Cholan- 

giocarcinoma is rarely encased in the intrahepatic ducts 

unless the liver is infected by the Opisthorchis viverrini 

[ 18]. Peripheral cholangiocarcinoma frequently appears 

as a nodular or infiltrating lesion. The most common 

appearance of this tumor at sonography is that of a ho- 

mogeneous hyperechoic mass, either single or multi- 

ple. The larger the tumor, the more hyperechoic it ap- 

pears. Differential diagnosis from hepatoma is based 

on the fact that peripheral cholangiocarcinoma does 

not have a hypoechoic halo, whereas dilatation of bile 

ducts peripheral to the tumor is quite often observed. 

When peripheral cholangiocarcinoma cannot be di- 

stinguished from metastatic adenocarcinoma, percuta- 

neous guided biopsy serves as a tool to confirm diag- 

nosis. 

Intrahepatic biliary neoplasms cause intraluminal 

obstruction followed by dilatation. Cystadenoma and 

its malignant counterpart cystadenocarcinoma are rare 

tumors that occur in middle-aged females. The tumors 

are cystic masses surrounded by a fibrous capsule, with 

nodularity and internal septation that may be multiple 

and calcified. They are difficult to differentiate inter- 

se. The more prominent  the septations and nodularity, 

the greater the likelihood of malignancy. If hemorrha- 

ge occurs, they tend to become more hyperechoic. 

They must be differentiated from an echinococal cyst, 

abscess, simple cyst complicated by hemorrhage, and 

cystic metastasis [19,20]. Adenomas, fibromas, papillo- 

mas, hamartomas, granular cell myeloblastoma, neuro- 

fibromas and neuromas, rare benign intraluminal neo- 

plasms cannot be differentiated with ultrasonography. 

If sonographic evaluation provides evidence of di- 

stal bile tract obstruction, yet the cause and site of ob- 

struction cannot be identified, an ERCP should be per- 

formed. 

Sonography and modern real-time equipment with 

high spatial resolution and improved techniques can 

detect the level of dilatation in up to 92% of extralumi- 

nal obstruction cases and accurately indicate the cause 

in up to 71% of cases [21 ]. 

When the extrahepatic ducts are normal, the intra- 

hepatic obstruction is usually secondary to cholangitis 

or liver neoplasia, primary or metastatic. The highest 

percentage of extraluminal obstructions occur in the 

distal duct due to pancreatic carcinoma, focal or diffu- 

se pancreatitis, and strictures [7]. Pancreatic carcinoma 

and focal pancreatitis may be difficult to differentiate. 

Strictures may not be visible and are attributable to 

chronic pancreatitis and AIDS cholangitis. Obstruction 

may also occur at the level of porta hepatis, usually a 

result of a primary or metastatic tumor or adenopathy. 

Other causes of obstruction between the pancreas and 

the porta hepatis include masses of the colon or duo- 

denum and sclerosing cholangitis. In general, intrahe- 

patic biliary duct dilatation can be diagnosed by irre- 

gular angular branching, a central stellate configura- 

tion, and acoustic enhancement  posterior to the ducts. 

A parallel channel or shotgun sign represents a dilated 

duct in association with a portal vein branch within a 

peripheral portal triad. In cases of malignancy, sono- 

graphy can supply information regarding tumor rese- 

ctability (hepatic or nodal metastasis, portal vein throm- 

bosis, extensive bile duct obstruction with atrophy of 

the contralateral hepatic lobe). Vascular patency or 

portal vein involvement can be detected in 83% to 
100% of patients with colour duplex sonography [22]. 

Choledochal cyst is another cause of obstruction. 

These are not true cysts but dilatations of the bile 

ducts. Sonographically, the cysts may resemble an en- 

larged gallbladder. There are five types according to 

the part of the biliary tree involved. Type I concerns 

cystic dilatation of the common bile duct and type V 

consist of multiple communicating cysts involving the 

intrahepatic ducts (named Caroli's disease). However, 

they are commonly found close to the head of the pan- 

creas and are frequently (50% of cases) associated with 

intrahepatic bile duct dilatation. These facts are helpful 

in the differential diagnosis [23, 24]. 

Bile duct hamartomas are focal masses that range in 
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echogenisity from hypoechoic to hyperechoic and 

they simulate malignancy [25]. 

Sclerosing and AIDS Cholangitis usually present with 

smooth or irregular wall thickening of the intrahepatic 

bile ducts and no or minimal dilatation. It involves the 

bile ducts of the whole liver, a clue which differentia- 

tes these pathologic entities from primary and meta- 

static neoplasms [7]. 

In the case of biliary parasitosis the patient may 

present with biliary colic, and acute cholecystitis. The 

most common parasites to cause this disease include 

Ascariasis lumbricoides, Clonorchis sinensis, and Fa- 

sciola hepatica. Sonography is the first modality which 

is performed and the diagnosis is given by showing the 

worm(s) as tubular structure(s) that may be either 

straight or coiled in the case of Ascariasis lumbricoides 
[26]. In Clonorchis sinensis the parasite may not be 

visible. The involved bile ducts may be thickened with 

increased echogenicity [27]. Dilatation of small intra- 

hepatic duct is seen. Chronic infections may compli- 

cate to cholagiocarcinoma [18,26]. Fasciola hepatica 
may sonographically reveal echogenic loci in the gall- 

bladder and dilated extrahepatic ducts [28]. 

After laparoscopic or open cholecystectomy com- 

plications may occur. The common bile duct or the 

common hepatic duct could be mistaken for the cystic 

duct and may be ligated. Injuries from laser or cautery 

may lead to strictures, or bile duct leak. The effect of 

these injuries is intrahepatic bile ducts dilatation in the 

affected segment that can be easily detected with ultra- 

sound. In addition, bilomas due to bile leak is sonogra- 

phicaly seen as cystic fluid collection. Abscess forma- 

tion has a mixed sonographic appearance consisting of 

hyperechoic and anechoic (cystic) components with or 

without bright lucencies due to air. Other complica- 

tions involving hematoma, free fluid collection, lym- 

phocele, and peritonitis may be detected as anechoic 

or hypoechoic nonspecific collections. In the case of 

mucocele of a cystic duct remnant, a round anechoic 

lesion is seen in the hepatic hilum. 

6.7. Computerized Tomography (CT) Imaging 

Ultrasound and MRCP are the primary imaging studies 

in the investigation of obstructive cholestasis. In the 

case of obstruction caused by tumor, CT seems to be 

Fig. 6.5. Computed tomography. Dilated intrahepatic bile ducts. 

more sensitive in determining the level of obstruction, 

characterizing the tumour and staging the disease in 

the event of malignancy. The intrahepatic duct dilata- 

tion is local or generalized depending on the obstru- 

ction level (fig. 6.5). The obstruction, as mentioned abo- 

ve, may be caused by stones, strictures, inflammation, 

intraluminal or extraluminal tumors, and compression. 

On CT scan they appear as tubular ramified structures 

of low attenuation running adjacent to the portal ve- 

nous radicles [29]. After IV contrast material admini- 

stration they remain hypoattenuated. CT has a repor- 

ted sensitivity in the detection of stones in the com- 

mon bile duct distinct (45% to 90%) [29, 30, 31], with 

a typical target or bull's eye pattern. If there is suspi- 

cion of cholangiolithiasis, non-enhanced scans are re- 

quired with oral contrast material being withheld for 

better visualization. High attenuation stones can be ea- 

sily detected in the gallbladder or CBD and CHD with 

CT. Unfortunately only 20% of duct stones are homo- 

genously hyperattenuated on CT [29], and approxima- 

tely 15%-25% of biliary calculi are not detectable with 

CT. Benign distal obstruction causes gradual tapering 

in the diameter of the bile duct on serial CT sections, 

whereas malignant obstruction causes abrupt termina- 

tion of the dilated CBD. 

In papillary stenosis, CT plays a limited role as the 

imaging procedure of choice for its detection is MRCP. 

CT scanning may reveal a prestenotic dilatation which 

is often accompanied by pancreatic bile duct dilatation 

("double duct sign") [32]. A papillary tumor is difficult 
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to differentiate from stone or enlarged intaduodenal 

papilla [30]. 

Mirizzi syndrome, another cause of obstruction, ap- 

pears on CT as intrahepatic and extrahepatic ducts di- 

latation. An impacted stone in the gallbladder neck or 

cystic duct may be visualised with advanced equip- 

ment and thin section collimation [32]. 

Choledochal cysts are congenital biliary tree abnor- 

malities that may lead to bile duct dilatation. A true 

choledochal cyst is a localized dilatation of the extra- 

hepatic bile ducts. They appear as cystic lesions up to 

15 cm in diameter by the porta hepatis. There is no or 

minimal intrahepatic dilatation [23]. They may diffe- 

rentiate from simple liver or pancreatic cysts, from en- 

capsulated fluid collections, and from enteric duplica- 

tion cysts [33]. Type III choledochal cyst is known as 

choledochocele. This is a CBD cyst which protrudes 

into the wall and lumen of the duodemum. Multislice 

CT is the best technique to diagnose this lesion [32 

,34]. Type V of this congenital disease, Caroli's disease, 
appears on CT scan as cystic dilatations within the liver 

parenchyma. This anomaly is usually associated with 

cysts in kidneys and may differentiate from polycystic 

liver disease. The differentiation clue in Caroli's disea- 

se is the contiguity of the cysts, with dilated intrahepa- 

tic bile ducts and the appearance of a central dot inside 

the cyst [35]. This dot represents the accompanying 

portal vein that is surrounded by the dilated intrahe- 

patic bile ducts. 

Bile duct hamartomas, also called von Meyenburg 

complexes, are shown in CT as multiple hypoattenua- 

ring, cystlike hepatic nodules occurring in both lobes 

of the liver and typically measuring less than 1.5 cm in 

diameter. The latter feature is the most essential one in 

the differential diagnosis from multiple simple cysts. 

Furthermore, simple cysts bear a typical regular outli- 

ne, whereas bile duct hamartomas have a more irregu- 

lar outline. Bile duct hamartomas do not exhibit a cha- 

racteristic pattern of enhancement  after intravenous 

administration of iodinated contrast material. Although 

homogeneous enhancement  of the lesions has been 

noted in some cases, most report no enhancement  

seen on contrast-enhanced CT images [25]. 

Acute and chronic cholecystitis is an incidental CT 

finding, as CT is not the modality of choice for their 

detection. In the acute form there is a thick wall that 

enhances after IV contrast material administration due 

Fig. 6.6. Computed tomography. Porcelain gallbladder. 

to hyperemia. Frequently, the gallbladder is hydropic 

and gallstones are seen. The chronic form must be dif- 

ferentiated from gallbladder carcinoma. The gallblad- 

der is increased in size with regular or irregular thicke- 

ning of its wall, which may appear calcified (porcelain 
gallbladder) (fig. 6.6). In xanthogranulomatous cholecy- 
stitis the gallbladder wall is thickened and ]obulated, 
and pericholecystic extention is commonly present. 

Emphysematous cholecystitis can be detected on CT 

with great sensitivity, although sonography and/or  

plain abdominal radiography establishes the diagnosis. 

Air is characteristically seen in the lumen and/or  gall- 

bladder wall. CT can further assist diagnosis in an irre- 

solute sonographic appearance in the event of a gan- 

grene complication in cholecystitis and absence forma- 
tion [36]. 

Acute cholangitis is usually a Gram(-) bacterial 

inflection secondary to bile duct obstruction, benign or 

malignant. Charcot's triad (right upper quadrant pain, 

jaundice, and sepsis) is its clinical manifestation. CT is 

indicated to detect a possible tumor and complications 

(e.g., abscess formation). The dilated inrtahepatic ducts 

may contain gas from gas-forming organisms. Gas may 

also be seen in the portal vein system [37]. Their dila- 

tation depends on the severity of the disease. In IV 

contrast material administration, enhancement  of the 

bile duct wall may be seen [38]. 

Sclerosing cholangitis is a fibrosing inflammatory 

reaction of the bile ducts. It may be primary or secon- 
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dary. It causes biliary obstruction, cholestasis, and may 

lead to biliary cirrhosis and portal hypertention. CT 

shows intrahepatic ducts with segmental dilatations 

alternating with stenoses without apparent connection 

to the central ducts [39]. Involvement of the extrahepa- 

tic duct may not be seen. If they are involved mural 

duct thickening with contrast enhancement  and mural 

nodules are additional CT features [32]. Marked intra- 

hepatic duct dilatation should arouse suspicion of cho- 

langiocarcinoma. 

Oriental cholangitis or recurrent pyogenic cholan- 
gifts causes biliary strictures, intra- and extrahepatic 

ductal dilatation and formation of stones, ranging in at- 

tenuation from isodense with bile to hyperdense [33]. 

Stones can be better depicted by CT than sonography, 

since many of them have a mudlike consistency. Pneu- 

mobilia, abscess formation and segmental atrophy are 

other findings on CT [36]. 

Bifiary cystadenoma is a rare benign tumor which 

appears on CT as a multilocular hypodense, near water 

attenuation, intrahepatic lesion. Calcifications may be 

present in the walls or septa, showing faint enhance- 

ment after IV contrast material administration [19, 20]. 

Differential diagnosis should be made from cystic me- 

tastases, large simple or complicated hepatic cysts, 

complex abscesses, echinococcal cysts, and intrahepa- 

tic biloma or hematoma. The aspiration of mucinous or 

serous material confirms the diagnosis. Thick wall and 

septations with soft tissue favour the diagnosis of cy- 

stadenocarcinoma [ 19]. 

Extrahepatic cholangiocarcinoma is the most com- 

mon form of the disease (90%). A characteristic feature 

is the abrupt loss of visualization of the dilated extra- 

hepatic duct, with intrahepatic bile ducts dilatation, 

however stone disease may have a similar appearance 

[33]. The exophytic tumor can be easily detected on 

CT. The intraductal tumor is better visualized with mo- 

dern equipment [32] as focal eccentric or concentric 

mural duct thickening. CT is the modality of choice for 

staging the disease (metastases, encasement of hepatic 

artery and portal vein). As mentioned before 10% to 

25% of them are Klatskin's tumors. 
Peripheral cholangiocarcinoma usually appears as a 

low-attenuation mass with irregular margins with mild 

peripheral enhancement  in both arterial and portal 

venous phases (fig. 6.7). Mild segmental bile duct dilata- 

tion is a common finding. Satellite nodules (65%), 

Fig. 6.7. Computed tomography, a) Arterial phase b) portal phase. 
Peripheral cholangiocarcinoma 

regional lymph nodes, irregular or punctuate calcifica- 

tions (20%) and capsule retraction may be present 

[32]. In contrast to HCC, these tumors usually do not 

invade adjacent vessels but encase them [40]. Invasion 

of the bile ducts, perineural spaces, and lymphatic ves- 

sels is seen, however, as resulting in lymph node meta- 

stasis and intrahepatic metastasis [41]. Their pathologic 

differentiation from metastatic disease is difficult and 

is typically dependent  on the identification of another 

extrahepatic primary carcinoma [42]. 

Gallbladder carcinoma appears as a soft - tissue 

mass within or adjacent to the gallbladder, that may 

expand into the liver parenchyma, or present as mural 

thickening (fig. 6.8). Intrahepatic duct dilatation is a fre- 

quent finding. In the case of mucinous adenocarci- 
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Fig. 6.8. Computed tomography. Gallbladder carcinoma. 

noma, punctuate calcifications are seen. Use of con- 

trast-enhanced CT is extremely helpful in tumor sta- 

ging (spread beyond the gallbladder and lymphatic 

metastases) [36]. 
The tumor may differentiate from cholecystitis, po- 

lyps, adenomyomatosis, metastases (melanoma, lym- 
phoma, leukaemia), and tumor invasion from adjacent 

organs. 

6.8. Magnetic Resonance Imaging (MRI) 

The prime role of MRI in biliary tree disease is the per- 

formance of MR cholangiopancreatography (MRCP). 

MRCP is a virtual non invasive technique that can in 

most cases replace percutaneous cholangiopancreato- 

graphy and ERCP to detect the cause and the level of 
biliary tree obstruction. MRCP - through conventional 

MR images and administration of intravenous para- 

magnetic contrast medium if required-permits the vi- 

sualization of the extra-ductal structures and is a funda- 

mental procedure for the characterization and staging 

of spreading tumors [43,44], with a specificity and sen- 

sitivity comparable to those of CT [45]. Manganese-en- 

hanced MR cholangiography depicts biliary dynamics 

as they are depicted at cholescintigraphy and provides 

functional information about the biliary system [46]. 

MRI features suggestive of cho]ecystitis are similar 

to CT findings, namely mural thickening, pericholecy- 

stic fluid and cholelithiasis. The bile tends to be hypo- 

intense on T1 weighted images, probably due to the 

decreased concentrating ability of the gallbladder [47]. 
Gallstones appear dark on all sequences; some stones 

may demonstrate a high intensity nidus [48]. Conven- 

tional heavily T2-weighted MR cholangiography is able 

to depict stones smaller than 3 mm and to show both 

the proximal and distal parts of the obstruction site 

despite a complete obstruction. In Mirrizzi Syndrome 

it can detect an impacted cystic duct or gallbladder 

neck stones with high sensitivity [47]. 

Acalculous cholecystitis is a challenging problem. 

Magnetic resonance cholangiography and endosono- 

graphy are the best methods for its detection if no 

diagnosis is reached with sonography and computed 

tomography [49]. 
In the detection of complicated acute cholecystitis 

(emphysematous cholecystitis, gangrenous cholecysti- 
tis, abscess formation, gallbladder perforation, and cho- 
lecystoenteric fistula) CT is the modality of choice 

with MR providing limited indications [50]. In acute 

gangrenous cholecystitis MR may demonstrate patchy 

enhancement of the gallbladder mucosa on gadolinium- 

enhanced fat-saturated Tl-weighted gradient echo 

images. This interrupted rim of mucosal enhancement 

correlates with patchy areas of necrosis and inflamma- 

tion of the gallbladder mucosa on the histopathological 

examination [51 ]. 

Gallbladder torsion is an urgent condition. MR ima- 

ging may help confirm the diagnosis [50] and may 

show tapering and twisting of the cystic duct. 

Hemobilia seen in less than 50% of patients is cha- 

racterized by melena, jaundice and abdominal pain. 

Two-thirds of cases are iatrogenic, whereas trauma 

accounts for 5%. It may manifest many weeks after the 
initial injury [52]. The diagnosis can be reached with 

US, unenhanced CT, or MR imaging and confirmed 

with endoscopy (blood from the ampulla of Vater) or 

angiography. In one review, 43% of cases were mana- 

ged conservatively and 36% were managed with trans- 

arterial embolization [52]. The remainders were mana- 

ged surgically either because of failed transarterial 

embolization or at the time of laparotomy for other 

reasons. 

Xanthogranulomatous cholecystitis in MR imaging 

appears with areas of iso- to slightly high signal inten- 

sity on T2-weighted images, showing slight enhance- 

ment at early phase and strong enhancement at last 

phase on dynamic study, expressing areas of abundant 
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xanthogranulomas. Areas with very high signal inten- 
sity on T2-weighted images without enhancement cor- 

responded with necrosis and/or abscesses. The early- 

enhanced areas of the liver bed on dynamic MR images 

corresponded with accumulation of inflammatory cells 
and abundant fibrosis [53]. 

Suspected parasitosis of the gallbladder is not well 
documented with sonography but MR is a modality 
that takes this disease into consideration. In ascariasis, 
multiple linear/tubular hypointence filling defects in 
the gallbladder and the CBD are show [54]. Clonorchis 

sinensis causes recurrent pyogenic cholangiohepatitis. 

MR cholangiography has become the standard of 

reference for documenting the extent of this disease and 

developing a road map for planning surgical and/or 
interventional treatment [55]. 

Although magnetic resonance (MR) imaging is not 

typically employed as a primary imaging modality for 
the gallbladder, it may be useful in cases of focal or dif- 
fuse mural thickening in distinguishing gallbladder car- 
cinoma from adenomyomatosis and chronic cholecy- 
stitis and also in staging the tumor. MR imaging has a 

great sensitivity in the evaluation of the layered pattern 

of gallbladder wall thickening. The layered pattern of 
thickened wall was classified into four patterns. Type 1 

has two layers, a thin hypointense inner layer and thick 

hyperintense outer layer. Type 2 also has two layers of 

ill-defined margin. Type 3 shows multiple hyperinten- 
se cystic spaces in the wall. Type 4 shows diffuse 

nodular thickening without layering. MR findings of a 
layered pattern of thickened gallbladder were well 
correlated with histopathology. Chronic cholecystitis 
matches to type 1, acute cholecystitis corresponds with 
type 2, adenomyomatosis concurs with type 3, and 
gallbladder carcinomas represent type 4 [56]. 

Adenomyomatosis is seen in heavy T2WI as mar- 

kedly hyperintence spots because Rokitansky-Aschoff 

sinuses filled with bile within the thickening wall of 

the gallbladder. MRCP is more reliable for this purpose 

because it can reveal the pearl necklace sign [57]. 

Gallblabber carcinoma appears as an irregular mass 

with relatively increased T2 signal lesion compared to 

liver. When the gallbladder wall is not clearly discrimi- 

nated from adjacent hepatic parenchyma, it indicates 

hepatic invasion. MR imaging demonstrates prolonga- 

tion of the T1 and T2 relaxation times in gallbladder 

carcinoma. Ill-defined early enhancement is a typical 

appearance of these tumors at dynamic gadolinium- 
enhanced MR imaging [58]. MR, with different techni- 

ques, helps in the assessment of tumor resectability. 

Radiologists need to be aware that well-differentiated 

gallbladder carcinoma with mucin production can ha- 
ve cystic components, which may mimic adenomyo- 
matosis. Careful interpretation of MR images may pro- 
vide useful information in the differentiation of these 

two entities [59]. 
MRCP has emerged as an accurate non-invasive 

diagnostic modality for investigating the biliary and 

pancreatic ducts and has been recommended in some 

institutes as the preoperative procedure of choice for 

the detection of CBD stones [60]. MRCP provides an 
excellent anatomic detail of the biliary tract and has a 

reported sensitivity of 81%-100%, and a reported spe- 
cificity of 92%-100% in detecting choledocholethiasis 

[61]. The accuracy of MRCP is therefore comparable 
with that of ERCP and intraoperative cholangiopancrae- 
tography (IOC) [61, 62]. These results have led some 
practitioners to consider MRCP the new gold standard 

for biliary imaging [61, 63]. MRCP is useful in detecting 

intraluminal polyps and carcinomas in the biliary tract, 

pancreatic duct, and ampulla of Vater [45, 58]. MRCP 
should be used as a diagnostic approach in all cases 

with suspected bile duct disease (fig. 6.9). This fast 

Fig. 6.9. MRCP. Concentric stricture of the common bile duct due to 
carcinoma. 
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Fig. 6.10. MRI. a) Coronal plane TlWl b) axial plane T2WI: central 
cholangiocarcinoma. 

Fig. 6.11. MRI T2Wl dilated pancreatic duct. 

noninvasive examination will provide the endoscopist 

and/or the surgeon with useful information on the ana- 

tomy of the papilla, presence of aberrant bile and cy- 
stic ducts, and choledochocele that might hinder inca- 

nulation [64, 65]. 
Cholangiocarcinoma does not have specific MRI ap- 

pearance. It can appear isointense or hypointense on 
TlWI images (fig. 6.10). Well differentiated tumors ap- 

pear with a high T2WI signal, whereas the infiltrating 

types with a low T2WI signal. 

Cholangiocarcinoma shows little or moderate en- 

hancement at the liver periphery in the early images 

with progressive central contrast enhancement on later 

images. MRI, in the same way as CT, can classify the 

tumor according to TNM criteria and predict its unre- 
sectability showing: 1) Major abdominal vascular in- 
volvement, including encasement (fig. 6.11), occlusion 
and tumor thrombosis; 2) Tumor adjacent organs or 

tissues infiltrations excluding the simple extension into 

the duodenum; 3) The presence of distal metastases or 

peritoneal carcinomatosis; 4) regional and distal lymph 

node involvement [58]. 

The MR imaging characteristics of an uncomplica- 

ted biliary cystadenoma are typical of a fluid-contai- 

ning multilocular mass, with homogeneous low signal 
intensity on Tl-weighted images and homogeneous 
high signal intensity on T2-weighted images [20]. Va- 

riable signal intensities on both T1- and T2-weighted 

images depend on the presence of solid Components, 
hemorrhage, and protein content [20]. 

Biliary cystadenocarcinoma appears with a low TI 

signal, unless the locules contain proteinaceous or he- 

morrhagic fluid. In the latter case they appear hyperin- 
tense on T1 images. The lesion is also hyperintense on 
T2 images and abscesses and echinococcal cysts must 
be differentiated. 

Choledochal cysts appear as periportal or intrapa- 
rencymal lesions, hypointense on T1 images and stron- 
gly hyperintense on T2 images. This hyperintensity 
differentiates them from cystic metastases [23]. 

MR imaging of Caroli's disease shows the dilated and 

cystic biliary system as hypointense on Tl-weighted 

images and markedly hyperintense on T2-weighted 

images. After intravenous administration of gadolinium 

contrast material, the intraluminal portal vein radicals 

are strongly enhanced. MR imaging usually demonstra- 

tes bridges across dilated intrahepatic ducts, which re- 
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semble internal septa. This appearance is consistent with 
the wall of an insufficiently resorbed, malformed du- 

ctal plate that surrounds the portal vein radicals [66]. In 
the absence of the central dot sign, MR cholangiogra- 
phy can be extremely valuable in the diagnosis of Ca- 

roli's disease by demonstrating the pathognomonic 

feature of saccular dilated and nonobstructed intrahe- 

patic bile ducts that communicate with the biliary tree 

[67] (fig. 6.12). 

Bile duct hamartomas are hypointense relative to li- 

ver parenchyma on Tl-weighted images and strongly 

hyperintense on T2-weighted images. On heavily T2- 
weighted images, the signal intensity increases further, 
almost reaching the signal intensity of fluid. At MR 
cholangiography, bile duct hamartomas appear as mul- 

tiple tiny cystic lesions that do not communicate with 

the biliary tree. After intravenous administration of 

gadolinium contrast material, some authors observed 

homogeneous enhancement of these lesions, whereas 

others did not find any enhancement [25]. Recently, 

thin rim enhancement on gadolinium-enhanced 

images was reported in four cases. This rim enhance- 
ment was considered to correlate with the compressed 
liver parenchyma that surrounds the lesions at histopa- 
thologic analysis [68]. 

In cases of primary sclerosing cholangitis magnetic 
MRCP is not always sufficient for imaging the minor 

pathology of the ducts. Slightly dilated peripheral 

ducts and central ducts are not in continuity, and this is 

a characteristic MRCP finding. Formation of mural no- 
des and thickening in the duct wall, diverticula and 
webs, can be observed. MRCP plays an important role 
in following-up the progression of the disease and 
possible complications in a non- invasive manner [69]. 

Fig. 6.12. MRCP. Cystic dilatations of the left liver lobe bile ducts. 
Caroli's disease. 

6.9. Biliary Scintigraphy 

Biliary scintigraphy, using derivatives of 99m Tc- labe- 
led N substituded iminodiacetic acid as HIDA, PIPIDA, 
DISIDA, can provide functional and morphological in- 

formation. 

Findings that suggest bilia W obstruction include an 

inappropriate slow decrease in parenchymal radioacti- 
vity, delayed appearance of radioactive bile outside 

the liver (> 15 min), delay of the time of peak intrahe- 

patic bile duct radioactivity (>45 min.), and appearan- 

ce of a change in the caliber or intensity of a bile duct 
at the point of obstruction. The effect of extrahepatic 
bilia W obstruction on the parenchymal time-activity 
curve is the same as that in intahepatic cholestasis [70]. 

Although biliary obstruction is better estimated by 

other methods, biliary scintigraphy can play a seconda- 

ry role. Dilatation of the intrahepatic ducts and proxi- 

mal common bile duct can be demonstrated which 

along with a delayed discharge of the tracer into the 

intestine, appears to be reliable evidence of partial 
extrahepatic obstruction. However, biliary scintigra- 
phy may be more useful in the diagnosis of functional 
obstruction of the bile duct or so-called biliary dyskini- 

sia uptake, a frequently observed postcholecystectomy 

syndrome. These patients are believed to have either 
sphincter of Oddi spasm or stenosis. In the latter case, 

a biliary scan shows good uptake and excretion and 

normal transit of bile to the gut but with marked 

prominence of the biliary system, which fails to drain 
for 2 hours [71]. 

Biliary scintigraphy can be used for investigating 
neonatal jaundice and distinguishing extrahepatic bilia- 
W atresia (fig. 6.13) from neonatal hepatitis. This is of 
great importance because biliary atresia is amenable to 
surgery. Tc-99m DISIDA imaging in such patients shows 
normal hepatocyte intensity and no appearance of ra- 

dioactive bile outside the liver for 24 hours [72]. Tra- 

cer within the small intestine excludes biliary atresia. 

In contrast, in neonatal hepatitis the hepatocytes are 

significantly damaged and there is a decreased paren- 

chymal activity in Tc-99m DISIDA. The dinstinction 

between these two conditions is less clear if imaging is 

performed relatively late i.e. beyond 2 months of age 

[73]. 
Tc-99m DISIDA is very effective in the detection of 

bile leaks. Leaks appear as collections of radioactivity 
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Fig. 6.13. Scintigram. Bile duct atresia. No trace into the intestine 24 
hours after the injection of radiopharmaceutical. 

that enlarge and increase in intensity with time but do 

not conform to the expected location and shape of the 

biliary tree, small intestine, or colon [74]. 

This test is extremely accurate for the diagnosis of 
acute cholecystitis which is its primary indication. 
Non-visualization of the gallbladder is suggestive of 
acute cholecystitis secondary to cystic duct obstruction. 

A rim of increased radiotracer accumulation within the 
adjacent parenchyma, along the wall of gallbladder 
fossa, namely "rim sign" also suggests acute cholecysti- 

tis and it is present in 30% of the patients [75]. The 
accuracy of scintigraphy in the diagnosis of acute cho- 

lecystitis depends on normal liver function and bile 
excretion. 

Diagnosis of acalculous chronic cholecystitis can be 

made by measuring the gallbladder ejection fraction 
with Tc-99m-DISIDA scintigraphy. An ejection fraction 
below 35% is abnormal and suggestive of chronic 
cholecystitis [76]. 

Hepatobiliary scintigraphy is extremely effective in 
the assessment of surgical bilioenteric anastomoses. 
Roux loop obstruction or obstruction of the more distal 
small bowel resulting in acute cholangitis can be de- 
monstrated as bile stasis within a proximal segment of 

bowel and delayed transit through the small bowel. 

Thus, in patients presenting with cholangitis after 

having undergone biliary- enteric anastomosis, biliary 

scintigrahy can differentiate progressive intrahepatic 
disease from Roux loop obstruction. 

6.10. Percutaneous Transhepatic 
Cholangiography (PTHC) 

Although new imaging modalities can help in the as- 

sessment and characterization of biliary disease, they 

sometimes fail to confirm the exact site and cause of 

the obstructing lesion. PTHC or ERCP is the next step 

in studying the biliary system and revealing the level 

or cause of jaundice. PTHC is simple and less costly 
(fig. 6.13). Moreover the length of the occluded or 
strictured segments can be estimated and the biliary 

ducts proximal to the lesion can be shown [77]. Hence, 
PTHC may be advocated as a primary invasive me- 

thod, although it can neither demonstrate duodenum, 

Vater's ampulla or pancreatic ducts, nor allow histopa- 

thologic samples to be taken. 

PTHC can demonstrate if jaundice is due to a sur- 

gically treatable obstruction or to intrahepatic paren- 

chymal pathology [78]. In the case of a mechanical ob- 
struction there will be intrahepatic biliary dilatation, 
providing the liver parenchyma is compliant. Malig- 
nant obstruction usually causes a funnel-like stricture 
of the offended biliary duct, whereas a biliary stone 

causes an abrupt rounded termination of the bile duct 

[79]. Intrabiliary calculi or extrahepatic choledocholi- 
thiasis are seen as filling effects within the lumen (fig. 

6.14) [80]. Cholangiographic features of Prima W scle- 
rosing cholangitis include multifocal structuring of the 

bile ducts, usually both intrahepatic and extrahepatic, 
which may not be dilated due to the sclerotic nature of 

the disease as mentioned above [80]. AIDS-cholangio- 
pathy reveals a similar picture. 

Other entities can also be demonstrated. Choleste- 
rosis results from diffuse multiple deposits of 1-2 mm 
pigments of cholesterol on the gallbladder mucosa. 
Percutaneous transhepatic cholangiography shows fi- 
xed mural defects. Differential diagnosis is made from 
polyps [80]. 

Adenomyomatosis of the gallbladder is caused by 

the protrusion of the hypertrophic mucosa into the hy- 

pertrophic muscle tunica, forming epithelial mucosal 

sinuses (Rokitansky-Aschoff sinuses). There are three 

types and in PTC they appear as a fundal nodular filling 
defect, as strictures at any site of the gallbladder accen- 

tuated after gallbladder contraction, and as small mural 

diverticula (epithelial sinuses) [80]. 

Percutaneous transhepatic cholangiography can al- 
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Fig. 6.14. Percutaneou transhepatic cholangiography. Dilated inrta- 
hepatic bile ducts. 

Fig. 6.15. Percutaneou transhepatic cholangiography. Common bile 
duct and gallbladder full of stones appeared dilated. 

so reveal congenital disease such as choledochal cysts 
and Caroli's disease, which after contrast media dis- 
play periportal and intrahepatic rounded formations in 
the common bile duct and the intrahepatic biliary ducts 

respectively [81]. 
Bilioenteric, biliocutaneous or biliovascular abnor- 

mal communications can be revealed and the level of a 

bile leak can be defined. 
Finally, percutaneous transhepatic cholangiography 

is used in order to top map the biliary tree prior .to bi- 

liary drainage with or without biliary stenting and which 

is in fact its prime role today [82]. 
Percutaneous biliary drainage (PBD) offers the pos- 

sibility of palliative decompression of bile ducts in ei- 

ther benign or malignant disease with low morbidity 

and mortality rates [83]. This procedure is indicated in 
cases of unresectable primary or metastatic malignancy 

as a palliation treatment in patients who are not candi- 

dates for surgical resection, as well as in cases of high 

or multiple branch obstructions, cardiac cases, pulmo- 
nary or renal malfunction or in patients with a short 
life expectancy. Surgical resection compared to PBD, 
in similar groups of patients, exhibit similar morbidity 
and mortality rates. Percutaneous biliary drainage is al- 
so indicated for treating benign strictures, particularly 
stenotic biliary-enteric anastomoses, as well as cases of 
sepsis secondary to biliary obstruction and for preope- 

rative decompression of the biliary tree. The procedu- 

re is contraindicated in cases of bleeding disorders and 

non-biliary sepsis. 
Percutaneous biliary drainage can be performed 

under fluoroscopic or CT-guidance or a combination 

of both. Sometimes ultrasonography may help cathete- 

rization [80]. Drainage is performed through an exter- 

nal drainage catheter, through internal-external draina- 

ge, where the catheter has multiple side holes proxi- 

mal and distal to the site of obstruction, or through 

insertion of an endoprosthesis (stenting). 
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External biliary drainage is indicated for short term 

diversion of bile, for patients undergoing preoperat ive  

decompress ion,  since long term external diversion can 

cause infections at the entry site, catheter  dislocation 

or accidental removal  and bile salt loss. External drai- 

nage is also pe r fo rmed  as a first step 3-5 day procedure  

prior to internal drainage catheter insertion, especially 

if the stenosis is t ransversed with difficulty. Thus the 

biliary tree is decompressed  and the lesion can be 

transversed more  easily. Internal- external biliary drai- 

nage is pe r fo rmed  in the majority of patients, since it is 

more  convenient  for the patient and avoids the pro- 

blems of bile salt loss. Biliary stenting has the advan- 

tages of an external-internal drainage catheter,  without 

the patient having the catheter in the flank [84]. More- 

over there is a significantly lower risk of cholangitis 

compared  to an internal drainage catheter. However  

there is a higher rate of dysfunction. 

Finally, percutaneous cholangioplasty may serve as 

a minimally invasive means in the managemen t  of bi- 

liary strictures [85]. 

References 

[1] Marzio L, Innocenti P, Genovesi N, et al: Role of oral chole- 

cystography, reaMime ultrasound, and CT in evaluation of 
gallstones and gallbladder function. Gastrointest Radiol 

1992; 17:257-261. 
[2] Grade M, Taylor KJW, Rosenfield AT et al: Surgical and pa- 

thologic correlation of cholecystosonography and cholecy- 

stography. AJR Am J Roentgenol 1978; 131:227-229. 

[3] Jeanty J, Ammann W, Cooperberg P, et al: Mobile intralumi- 
nal mass of the gallbladder. J Ultrasound Med 1983; 2:65-71. 

[4] Daly BD, Cheung H, Arnold M et al: Ultrasound in the diag- 
nosis of gall-bladder carcinoma in Chinese patients. Clin 

Radiol 1993; 48:41-44. 
[5] Li D, Dong B, Wu Yet al: Image-directed and color Dop- 

pler studies of gallbladder tumors. J Clin Ultrsound 1994; 
22:551-555. 

[6] Zagar SA, Khuroo MS, Mahajan R et al: US-guided fine nee- 

dle aspiration biopsy of gallbladder masses. Radiology 1991; 

179:275-278. 

[7] Laing FC: The gallbladder and bile ducts. In: Rumack CM, 

Wilson SR, Charboneau JW, (eds) Diagnostic Ultrasound, 

St.Louis Mosby-Year Book 1998; 175-223. 

[8] Mclntosh DMF, Penny HF: Gray scale ultrasonography as a 

screening procedure in the detection of gallbladder disea- 

se. Radiology 1980; 136:725-727. 

[9] Cohen SM, Kurtz AB: Biliary Sonography. Radiol Clin North 

Am 1991; 1171-1198. 
[10] Cohan RH, Mahony BS, Bowie JD et al: Striated intramural 

gallbladder lucencies on ultrasound studies. Radiology 1987; 

164:31-35. 
[11] Niemeier OW: Acute free perforation of the gallbladder. 

Ann Surg 1934; 99:922-924. 
[12] Yeh HC, Weiss MF, Gerson CD: Torsion of the gallbladder. 

The ultrasonographicfeatures. J Clin Ultrasound 1989; 17: 

123-125. 
[13] Metcalf AM, Ephgrave KS, Dean TR et al: Preoperative scree- 

ning with ultrasonography for laparoscopic cholecystecto- 
my an alternative to routine intraoperative clolangiogra- 

phy. Surgery 1992; 112:813-817. 
[14] Laing FC, Jeffrey RB, Wing VW: Improved Visualization of 

choledoholithiasis by sonography. AJR Am J Roengenol 

1984; 143:949-952. 
[15] Jackson VP, Lappas JC: Sonography of the Mirizzi syndro- 

me. J Ultrasound Med 1984; 3:281-283. 
[16] Klatskin C: Adenocarcinoma of the hepatic duct at its bifur- 

cation within the porta hepatis: an unusual tumor with di- 
stinctive clinical and pathologic features. Am J Med 1965; 

38:241-256. 
[17] Perret RS, Throsen MK, L'awson TL: Neoplastic diseases of 

the gallbladder and biliary tract. In: Freeny PC, Stevenson 
GW (eds) Alimentary Radiology 5th ed. St.Louis Mosby- 

Year Book 1994; 1333-1342 
[18] Wibulpolpraset B, Dhiensiri T: Peripheral cholangiocarci- 

noma: sonographic evaluation. J Clin Ultrasound 1992; 20: 

303-314. 
[19] Byung IC, Lim JH, Har~ MC et al: Biliary cystadenona and 

cystadenocarcinoma computed tomography and sonogra- 

phic findings. Radiology 1989; 171:57-61. 
[20] Palacios E, Shannon M, Solomon C, et al. Biliary cystadeno- 

ma: ultrasound, CT, and MRI. Gastrointest Radiol; 1990; 15: 

313-316. 
[21] Laing FC, Jeffrey RB, and Wing VW: Biliary dilatation: defi- 

ning the level and cause by real-time ultrasound. Radiology 
1986; 160:39-42. 

[22] Neumaier CE, Bertolotto M, Perrone R et al: Staging of hilar 
cholangiocarcinoma with ultrasound. J Clin Ultrasound 
1995; 23:173-178. 

[23] Kim OH, Chung HJ, Choi BG: Imaging of the choledochal 
cyst. Radiographics 1995; 15:69-88. 

[24] Miller WJ, Sechtin AG, Campbell WL et al: Imaging fin- 

dings in Caroli's disease. AJR Am J Roengenol 1995; 165: 

333-337. 
[25] Wohlgemuth WA, B6ttger J, Bohndorf K" MRI, CT, US and 

ERCP in the evaluation of bile duct hamartomas (von Meyen- 

burg complex): a case report. Eur Radiol; 1998; 8:1623-1626. 
[26] Ali M, Khan AN: Sonography of hepatobiliary ascariasis. J 

Clin Ultrasound 1996; 24:235-241. 



84 Chapter 6: Conventional Imaging Studies of the Biliary Tract 

[27] Lim JH: Radiologic findings of clonorchiasis. AJR Am J Ro- 

engenol 1990; 155:1001-1008. 

[28] Ooms HWA, Puylaert JBCM, van der Werf SDJ: Biliary fa- 

scioliasis: US and endoscopic retrograde cholagiopancrea- 

tography findings. Eur Radiol 1995; 5:196-199. 

[29] Baron BL, Stanley RJ, Lee JKT et al: Computed tomography 

features of biliary obstruction. AJR Am J Roentgenol 1983; 

1173-1178. 

[30] Baron BL: Common bile duct stones: Reassessment of crite- 

ria for CT diagnosis. Radiology 1987; 162:415-418. 

[31] Jeffrey RB Jr, Federle MP, Laing FC, et al: Computed tomo- 

graphy of choledoholithiasis. AJR Am J Roentgenol 1983; 

1179-1183. 
[32] Prokop M: Billiary tract. In Prokop M, Galanski M (eds) 

Spiral and multislice computed tomography of the body. 

Thieme New York 2003; 405-475. 

[33] Baron RL: Computed tomography of the biliary tree. Rad 

Clin N Am 1991; 29:1235-1250. 

[34] Pollack M, Shirkhoda A, Charnsangavej C: Computed to- 

mography of choledohocele. J Comput Assist Tomogr 1985; 

9:360-362. 
[35] Choi BI, Yeon KM, Kim SH, et al: Caroli's disease: Central 

dot sign in CT. Radiology 1990; 174:161-163. 

[36] Ihab R. Kamel, MD, PhDT, Eleni Liapi, MD, Elliot K. Fish- 

man, MD. Liver and Biliary System: Evaluation by Multide- 

tector CT. Radiol Clin N Am 43 (2005) 977-997. 

[37] Dennis MA, Pretorius DH, Manco-Johnson ML: CT dete- 

ction of portal venous gas associated with suppurative cho- 

langitis and cholecystitis. AJR Am J Roentgenol 1985; 145: 

1017-1018. 

[38] Schulte SJ, Baron RL, Teefey SA, et al: CT of the extrahepa- 

tic bile ducts. Wall thickness and contrast enhancement in 

normal and abnormal ducts. AJR Am J Roentgenol 1990; 

154:79-85. 
[39] Teefey SA, Baron RL, Rohrmann CA, et al: Sclerosing Cho- 

langitis: CT findings. Radiology 1988; 169:635-639. 

[40] Oto A, Tamm EP, Szklaruk J: Multidetector row CT of the 

liver. Radiol Clin N Am 2005; 43:827-848. 
[41] Vails C, Guma A, Puig I, et al: Intrahepatic peripheral cho- 

langiocarcinoma. CT evaluation. Abdom Imaging 2000; 25: 

490-496. 
[42] Sampatanukul P, Leong AS, Kosolbhand P, et al: Prolifera- 

ting ductulus are a diagnostic discriminator for intrahepatic 

cholangiocarcinoma in FNA biopsies. Diagn Cytopathol; 

2000; 22:359-363. 
[43] Hussein FM, Alsumait B, Amman S, et al: Diagnosis of cho- 

ledocholithiasis and bile duct stenosis by magnetic reso- 

nance cholangiogram. Australas Radiol; 2002; 46:41-46. 

[44] Kim MJ, Mitchell DG, Ito K, et al: Biliary dilatation: diffe- 

rentiation of bening from malignant causes-value of adding 

conventional MR imaging to MR cholangiopancreatogra- 

phy. Radiology; 2000; 214:173-178. 

[45] Ferrari FS, Fantozzi F, Tasciotti L, et al: US, MRCP, CCT and 

ERCP: Acomperative study in 131 patients with suspected 

biliary obstruction. Med Sci Monit; 2005; 11:8-18. 

[46] Kim KW, Park MS, Yu JS, et al: Acute cholecystitis at T2- 

weighted and Manganese-enhanced Tl-weighted MR cho- 

langiography: A preliminary study. Radiology; 2003; 227: 

580-584. 

[47] Park MS, Yu JS, Kim WH, et al: Acute cholecystitis: compa- 

rison of MR cholangiography and US: A preliminary study. 

Radiology; 1998; 209:781-785. 

[48] Moon KL, Hricak, Margulis AR, et al: NMR imaging chara- 

cteristics of gallstones in vitro. Radiology; 1983; 148:753- 

756. 
[49] Menu Y, Vuillerme MP: Non-traumatic abdominal emer- 

gencies: imaging and intervention in acute biliary condi- 

tions. Eur Radiol. 2004; Mar; 14:544. 

[50] Hanbidge AE, Buckler PM, O'Malley ME, et al: Imaging 

Evaluation for Acute Pain in the Right Upper Quadrant. 

Radiographics; 2004; 24:1117-1135. 

[51] Pedrosa I, Guarise A, Goldsmith J, et al: The interrupted 

rim sign in acute cholecystitis: a method to identify the 

gangrenous form with MRI. J Magn Reson Imaging. 2003; 

18:360-3. 
[52] Green MH, Duell RM, Johnson CD, et al. Haemobilia. Br J 

Surg; 2001; 88:773-786. 
[53] Shuto R, Kiyosue H, Komatsu E, et al: CT and MR imaging 

findings of xanthogranulomatous cholecystitis: correlation 

with pathologic findings. Eur Radiol. 2005; 15:1271-2 

[54] Arya RK, Kukreti R, Arya M, et al: Magnetic resonance ap- 

pearance of gallbladder ascariasis. J Med Sci; 2005; 59:208- 

210. 

[55] Park MS, Yu JS, Kim KW, et al. Recurrent pyogenic cholan- 

gitis: comparison between MR cholangiography and direct 

cholangiography. Radiology; 2001; 220:677-682. 

[56] Jung SE, Lee JM, Lee K, et al: Gallbladder wall thickening: 

MR imaging and pathologic correlation with emphasis on 

layered pattern. Eur Radiol; 2005; 15:694-701. 
[57] Haradome H, Ichikawa T, Sou H, et al: The pearl necklace 

sign: An imaging sign of adenomyomatosis of the gallblad- 

der at MR cholangiopancreatography. Radiology; 2003; 227: 

80-88. 

[58] Zhong L, Li L, Yao QY: Preoperative evaluation of pancrea- 

ticobiliary tumor using MR multi-imaging techniques. World 

J Gastroenterol; 2005; 28; 11:3756-61. 

[59] Yoshimitsu K, Irie H, Aibe H, et al: Well-differentiated ade- 

nocarcinoma of the gallbladder with intratumoral cystic com- 

ponents due to abundant mucin production: a mimicker of 

adenomyomatosis. Eur Radiol; 2005; 15:229-33. 

[60] Topal B, Van de Moortel M, Fieuws S, et al: The value of 

magnetic resonance cholangiopancreatography in predi- 

cting common bile duct stones in patients with gallstone 

disease. Br J Surg; 2003; 90:42-47. 



L. Thanos, S. Mylona 85 

[61] Hallal AH, Amortegui JD, Jeroukhimov IM, et al: Magnetic 
resonance cholangiopancreatography accurately detects 
common bile duct stones in resolving gallstone pancreati- 

tis. J Am Coil Surg; 2005; 200:869-875. 
[62] Varghese JC, Liddell RP, Farrell MA, et al: Diagnostic accu- 

racy of magnetic resonance cholangiopancreatography and 

ultrasound compared with direct cholangiopancreatogra- 

phy in the detection of choledoholethiasis. Clin Radiol; 

2000; 55:25-35. 
[63] Shanmugam V, Beattie GC, Yule SR, et al: Is magnetic reso- 

nance cholangiopancreatography the new gold standard in 

biliary imaging? Br J Radiol; 2005; 78:888-893. 
[64] Guarisse A, Baltieri S, Mainardi P, et al: Diagnostic accuracy 

of MRCP in choledocholithiasis. Radiol Med; 2005; 109: 

239-251. 
[65] Hirao K, Miyazaki A, Fujimoto T, et al: Evaluation of aber- 

rant bile ducts before laparoscopic cholecystectomy. Heli- 

cal CT cholangiography varsus MR clolangiography. AJR 

Am J Roengenol; 2000; 173:713-720. 
[66] Zangger P, Grossholz M, Mentha G, et al: MRI findings in 

Caroli's disease and intrahepatic pigmented calculi. Abdom 

Imaging; 1995; 20:361-364. 
[67] Pavone P, Laghi A, Catalano C, et al: Caroli's disease: eva- 

luation with MR cholangiopancreatography (MRCP). Ab- 

dom ImagingS; 1996; 21:117-119. 

[68] Semelka RC, Hussain SM, Marcos HB, et al: Biliary hamar- 

tomas: solitary and multiple lesions shown on current MR 

techniques including gadolinium enhancement. J Magn 

Reson Imaging; 1999; 10:196-201. 

[69] Dtistinceli E, Erdan A, Erdan I, et al: Primary sclerosin cho- 

langitis: MR cholangiopancreatography and T2-weighted 

MR imaging findings. Diagn Interv Radiol; 2005; 11:213-218. 

[70] Valsamaki P, Dokmetzioglou I, Kostantinova I, et al: Chara- 
cteristic findings of Hepatobiliary Scintigraphy with 99mtc- 

BIDA in the diagnosis of biliary obstruction. Hell J Nucl 
Med; 2001;2:81-86. 

[71] Kloiber R, AuCoin R, Hersfield NB, et al: Biliary obstruction 
after cholecystectomy: diagnosis with quantative cholescin- 

tigraphy. Radiology; 1988; 169:643-647. 
[72] Stipsanelli K, Koutsikos J, Papantoniou v, et al: Hepa-tobi- 

liary scintigraphy and y-GT levels in differential diagnosis 
of extrahepatic biliary atresia. J Nucl Med Mol Imaging; 
2006; 30. 

[73] Arora NK, Kohli R, Gupta DK, et al: Hepatic technetium-99- 

m-mebrofenin iminodiacetate scans and serum gamma- 
glutamil transpeptidase levels interpreted in series to diffe- 
rentiate between extrahepatic biliary atresia and neonatal 

hepatitis. Acta Paediatr; 2001;9:975-981. 

[74] Stipsanelli K, Valsamaki P, Tsiouris S, et al: Spontaneous 

rupture of a type IVA choledochal cyst in a young adult 

during radiological imaging. World J Gastrenterol; 2006; 

14:982-986. 
[75] Bushnell DL, perlman SB, Wilson MA, et al: The rim sign: 

association with acute cholecystitis. J Nucl Med; 1986; 7: 

353-356. 
[76] Swayne LC: acute acalculous cholecystitis: sensitivity in de- 

tection using technetium-99m iminodiacetic acid cholecy- 

stigraphy. Radiology; 1986; 160:33-38. 
[77] Burke DR, Lewis CA, Cardella JF, et al: Quality improve- 

ment guidelines foe percutaneous transhepatic cholangio- 

graphy and biliary drainage. J Vasc Interv Radiol; 2003; 14: 

S243-246. 

[78] Lorenz JM, Funaki B, LeefJA, et al: Percutaneous transhepa- 
tic cholangiography and biliary drainage in pediatric liver 

transplant patients. AJR Am J Roentgenol; 2001; 176:761-765. 

[79] Wayman J, Mansfield JC, Matthewson K, et al: Combined 
percutaneous and endoscopic procedures for bile duct ob- 
struction: simultaneous and delayed techniques compared. 

Hepatogastrenderology; 2003; 50:915-918. 

[80] Butch RJ, Mueller PR: Fine needle transhepatic cholangio- 

graphy: State of the art. Semin Interv Radiol; 1985; 2:1-20. 

[81] Boyle MJ, Doyle DG, McNulty JG: Monolobar Caroli's 

disease. Am J Gastroenterol; 1989; 84:1437-44. 

[82] Zhai Q, Qian x, Dai D, et al: Malignant biliary obstruction: 

treatment with interventional radiology. Chin Med J (Engl); 

2003; 116:888-92. 

[83] Lee SH, Hahn ST, Hahn HJ, et al: Single-wall puncture: a 

new technique for percutaneous transhepatic biliary drai- 

nage. AJR Am J Roengenol; 2003; 181;717-719. 
[84] Yoshida H, Mamada Y, Taniai N, et al: One-step palliative 

treatment method for obstructive jaundice caused by unre- 

sectable malignancies by percutaneous transhepatic insert- 

ion of an expandable metallic stent. World J Gastroenterol; 
2006; 21; 12:2423-2426. 

[85] Sung RS, Campbell DAJr, Rudish SM, et al: Long-term foll- 

ow-up of percutaneous transhepatic balloon cholangiopla- 

sty in the management of biliary strictures after liver trans- 

plantation. Transplantation; 2004; 15;77:110-115. 



ENDOSCOPIC RETROGRADE 
CHOLANGIOPANCREATOGRAPHY 

Kon. Goumas, A. Poulou 

7.1. Introduct ion 

Endoscopic retrograde cholangiopancreatography (ERCP) 

has proven to be a very useful method in the diagnosis 

of most diseases of the biliary tract. In particular it dis- 

plays a great accuracy in diagnosing extrahepatic bilia- 

ry disease, making it the gold standard compares to 

other diagnostic studies in this field. It further plays a 

major and most important role in the differentiation 

between benign and malignant extrahepatic biliary di- 
sorders. Despite its preponderance in extrahepatic bi- 
liary tract conditions, endoscopic selective biliary can- 
nulation has also offered important improvements in 
the diagnosis of gallbladder and intrahepatic duct system 

diseases. It is however worth noting that the diagnostic 
accuracy of ERCP very much relies on the endosco- 

pist's experience. 
Since the introduction and development of magne- 

tic resonance cholangiopancreatography (MRCP) and 

endoscopic ultrasonography (EUS), the role of diagno- 

stic ERCP has been limited to a handful of indications 
owing to the high rate of complications associated with 
the procedure. However, extensive research involving 
ERCP continues as diagnostic procedures including tis- 
sue or fluid sampling during ERCP are usually crucial in 
the diagnostic field. Furthermore, at the present time, 
the therapeutic role of ERCP in biliary diseases can not 

be substituted by any other modality. 

7.2. Technical Features 

7.2.1. Equipment 

In order to perform an ERCP, a series of endoscopic and 
radiologic equipment is required (table 7.1). A side-vie- 

wing duodenoscope (fig. 7.1) with a wide working chan- 

nel (>3.7 mm), allows the use of a wide range of cathe- 
ters according to the diagnostic or therapeutic objecti- 

ve. Biopsy forceps and sheathed brushes are used to 
obtain tissue or cytologic specimens (fig. 7.2). Several 
types of cannulating catheters (fig. 7.3) facilitate the can- 
nulation of the main duodenal papilla and the selective 
deep cannulation of the common bile or pancreatic 
ducts. A standard sphincterotome as well as several ty- 
pes of precut sphincterotomes (fig. 7.4) are necessary for 

an endoscopic sphincterotomy. Balloon and basket- 

type catheters (fig. 7.0) may be used for stone removal 
while Gruntzig-type balloon catheters (fig. 7.6) are indi- 

cated for dilation of biliary or pancreatic strictures. Per 

os cholangioscopy and pancreatoscopy during ERCP are 

now possible using the mother-baby endoscope sy- 

stem. The radiologic equipment for ERCP includes an 

X-ray apparatus with an adjustable table, standard fluo- 
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Fig. 7.1. Side-viewing duodenoscope (Olympus-EXERA TJF-145) 
with a working channel of 4.2 mm. 
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Fig. 7.2. a. Special biopsy forceps for intraductal tissue sampling. 
b. Sheathed brushes used for cytological specimen acquisition from 
bile duct strictures. 

Fig. 7.3. Duodenoscope with a standard cannulating catheter in the 
working channel. 

Fig. 7.4. Standard sphincterotome, cannulation catheter, needle 
knife sphincterotome. These devices are used for cannulation and 
sphincerotomy. 

Fig. 7.5. Balloon and dormia basket catheters for extraction of bile 
duct stones. 

Fig. 7.6. Dilating catheters: Gruntzig-type balloon dilating catheter 
and ((bougie))-type dilating catheter (8.5-French). 
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roscopy capability, imaging system and use of standard 

contrast material. 

7.2.2. ERCP Diagnostic Technique 

The ERCP diagnostic technique is well established [1] 

although many anecdotal recommendations and tips are 

exchanged among endoscopists. Usually, both the com- 

mon bile duct and the pancreatic duct empty via the 

same orifice. Selective cannulation of the desired duct, 

requires familiarity with the anatomy of the papillary 

structures as well as experience in approaching the de- 

sired duct. Following cannulation of the main papilla 

orifice, the common bile duct tends to run in a cepha- 

loid direction whereas the pancreatic duct courses mo- 

re medially [1]. The selected ducts are successfully can- 

nulated in about 50% ERCP procedures, whereas 25% 

the procedure though completed requires additional ti- 

me and repeated attempts. In 15% to 25%, successful 

cannulation requires a systematic algorithm of proce- 

dural skills and techniques (see endoscopic manage- 

ment of choledocholithiasis later in this book). 

Selective bile duct cannulation can be achieved mo- 

re successfully, rapidly and with fewer incidental pan- 

creatic injections using a sphincterotome rather than a 

standard catheter, due to it's capacity for upward an- 

gulation. The use of disposable sphincterotomes in- 

curs a cost increase of 1.4 to 1.8 times [2]. Precut sphin- 

cterotomy may be helpful when standard techniques 

fail. Nevertheless, most experienced endoscopists only 

rely on precut methods in just 10% to 15% of cases [3] 

due to higher risks of complications compared to stan- 

dard cannulation techniques. The combined "rendez- 
vous" technique is also an alternative when the CBD 

cannulation proves difficult [1]. Successful diagnostic 

and therapeutic ERC is based on cannulation of the 

duct in question. Deep cannulation is achieved when 

the tip of the catheter is passed beyond the papilla into 

the desired duct. This allows effective injection of con- 

trast medium and the introduction of instruments for 

therapeutic procedures. Successful cannulation rates of 

at least 95%, are consistently achieved by the experien- 

ced endoscopist [4]. 

A deep bile duct catheterization is necessary when 

the examination is focused on the intrahepatic ducts. 

In such cases, better optimal filling of the intrahepatic 

ducts may be achieved when the standard catheter is 

positioned at the bifurcation or selectively in either of 

the main hepatic ducts. This is especially true when the 

gallbladder is present. In some cases, better imaging of 

the intrahepatic ducts can be accomplished by isola- 

ting them from the distal biliary tract using a balloon 

catheter, during the contrast medium injection. Inje- 

cting the opaque medium with the catheter tip at the 

papilla may cause overdistension of the gallbladder 

and subsequent nausea or even vomiting [1]. Insuffi- 
cient filling of intrahepatic ducts, usually of the right 

duct system, could lead to an erroneous diagnosis. For 

the same reason, over-opacification of ducts with con- 

trast medium or a great amount of contrast medium in 

the gut, should be avoided. Successful cannulation is 

not synonymous with a successful ERCP. Once cannu- 

lation is achieved, the endoscopist should be able to at 

least complete the most commonly performed proce- 

dures, including stone extraction, relief of biliary obstru- 

ction and stent placement. A technically unsuccesful 

ERCP may result in a substantial cost increase [5]. 

7.3. Indications 

ERCP is indicated to evaluate jaundice, confirm the 

presence of biliary obstruction and define the location 

and nature of an obstructive lesion. Nowadays, ERCP 

has evolved from a purely diagnostic to a predomina- 

tely therapeutic procedure [6]. The development of no- 

vel and often less invasive diagnostic techniques such 

as magnetic resonance cholangiopancreatography (MRCP) 

and endoscopic ultrasonography has limited the role of 

ERCP as an initial diagnostic procedure. The indications 
for ERCP are summarized in table 7.2 [7]. ERCP should 
be performed only for an appropriate indication and it 
is generally not indicated for abdominal pain without 
objective evidence of pancreatic disease [8, 9] as well as 

a routine before cholecystectomy [10]. Moreover, ERCP 
is not indicated as a routine for relief of biliary obstru- 

ction in surgically curable patients. Preoperative biliary 

decompression has not been shown to improve post- 

operative outcomes, yet it may result in both preopera- 

tive and postoperative complications [11]. However, 

preoperative relief of obstructive jaundice is indicated 

in cases of acute cholangitis or intense puritus, especial- 

ly in patients in whom surgery may be delayed [12]. 
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1.::ObstrUctive jaundice.: ....... ...... ...... ..... 
2. C li n ica I:: a r i m ag in g :: Suspicio n o f::::: pan crea tic o r: 

bilia~ disease, ....... .............. :: ......... ...... ...... : ............... ........ 

3. Clinical sUspicion of pa ncreatic maiignancy not detectable 
other imagingmodalitieSl : ........ ............. .... 
Pancreatitis of unknown etiol0gyi:: 

..................... p s e u d 0 c y s t ,  ............. ............. :i: : :: : : : ................. 
6. Sphincter of Oddi manomet~  in suspected 

dysfunction. . . . . . . . . . . . . .  : ..... ::i: ............. 
.......... 7. End0scopiC sphinCte~tomy for: ::::: 

a. CholedochoiKhiaSi~! ....... 
b. Papilla~ stenosis ......... ..... 
c. Facilitatingbilia~ .... .......... 
d. Sump syndrome. 
e. Choledochocele . . . . .  

A m p u l l a ~  c a r c i n o m a  ..... ::::::::::: ::::::::::i: 
g .  A c c e S s  . . . . . . . . . . .  ::::::::::::::: ..... 

:stent placement across benlgn:or: malignant:stri=ures, fistu~ 
.... :lae::, postoperative:: bile leak;:::: or  unremOvable :: :c0mm0nii: :::: bile ..... 

. . . .  duCt stones ..... . . . .  ..... ........ .... ..... ......... 

9. Balloon dilatation of ductal s~ricturesl .... :::::::::: ....... .............. 
01Nasobilia~ n placement ................. . . . . . . . . .  

1 1 .  Pseud0cyst drainage in aPpropriate::caSesl :: ........... 

1 2 .  Tissue sampling from pancreatic or bileducts, :::: : .......... 

...... 13. Pancreatic endoscopic therapy. ......... ..... ........ 

7 . 4 .  C o n t r a i n d i c a t i o n s  

The only true absolute contraindications for ERCP pro- 

cedure are both refusal of the patient to undergo endo- 

scopy or an acute unstable cardiovascular or cardiopul- 

monary episode [1] (table 7.3). Structural abnormalities 

of the esophagus, s tomach or duodenum may be relati- 

ve contraindications to ERCP. A large esophageal dive- 

rituclum, an unrecognized esophageal stricture, a large 

paraesophageal  hiatus hernia, a gastric valvulus, a ga- 

stric outlet obstruction owing to a variety of reasons, a 

previous partial gast rectomy with Billroth type II ana- 

stomosis or a Roux-en-Y jejunojejunostomy may as well 

be relative contraindications to performing ERCP. The 

level of exper ience of the endoscopist  is of outmost  

importance in the decision as to whether  the procedu-  

re should be under taken under  these circumstances. 

Finally, a communicat ing pancreatic pseudocyst  is also 

not an absolute contraindicat ion to ERCP if drainage of 

the pseudocyst  is to be endoscopically or surgically 

performed.  
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7 . 5 .  E R C P  a n d  D i s e a s e s  o f  t h e  B i l i a r y  T r a c t  

7 . 5 . 1 .  D i s e a s e s  o f  t h e  G a l l b l a d d e r  

Ultrasonography has proven to be a very effective, non 

invasive instrument in the diagnosis of cholecystoli- 

thiasis [13]. Although endoscopic  retrograde cholan- 

giography (ERC) is a very sensitive me thod  for dete- 

cting even tiny stones in the gallbladder [14] (fig. 7.7). 

It is not indicated for the diagnosis of pure cholecysto- 

lithiasis. 

Imaging of the entire biliary duct system during 

ERCP may reveal a polypoid mass or filling defect in a 

stiff, rigid and immobi le  gallbladder, representing an 

invasive carcinoma [1]. Advanced carcinoma of the 

gallbladder may cause stenosis of the c o m m o n  bile duct 

(fig. 7.8), the c o m m o n  hepatic duct, the intrahepatic 

ducts and even the duodenum,  due to infiltration. ERCP 

cannot, however ,  differentiate benign tumour of the 

gallbladder from a carcinoma. 

Other  diseases such as a fistula be tween  the gall- 

b ladder  and the neighboring hollow organs as well as 

several congenital abnormalities of the gallbladder could 

be detec ted  during ERCP. 

7 .5 .2 .  D i s e a s e s  o f  t h e  B i l e  D u c t s  

7 . 5 . 2 . 1 .  Choledocholithiasis 

The most c o m m o n  cause of biliary obstruction is cho- 

ledocholithiasis. The sensitivity and the specificity of 

ERCP for detecting c o m m o n  bile duct (CBD) stones is 

over 95%, although, occasionally, small stones are not 

detected.  Injection with ex t reme caution of contrast 

material, may help in detect ing stones while overfilling 

of the ducts may push stones further into the intrahe- 

patic ducts. The accidental instillation of air bubbles 

into the duct by the injection catheter may be misdiag- 
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Fig. 7.7. Multiple stones of several size into the gallbladder. 

Fig. 7.8. Long malignant stricture of the common bile duct due to a 
locally advanced gallbladder carcinoma, before (a) and after (b) 
stenting. 

nosed as stones. Choledocholithiasis is one of the most 

common indications for ERCP (fig. 7.9, 7.10, 7.11). 

ERCP still remains the gold standard for diagnosing 

and treating bile duct stones [12]. Endoscopic biliary 

decompression is the procedure of choice for the treat- 

ment of acute cholangitis. Urgent ERCP is also indica- 

ted in selected patients with severe gallstone pancrea- 

titis and suspected biliary obstruction. It is anticipated 

that a competent ERCP endoscopist can relieve the duct 

of CBD stones in >85% of cases using sphincterotomy 

combined with balloon or basket catheters for stone 

extraction. When standard used techniques fail, mecha- 

nical lithotripsy will increase the success rate to reach 

over 90%, leaving only a small number of patients requi- 

ring more advanced procedures such as electrohydrau- 

lic, laser, or extracorporeal shockwave lithotripsy, which 

will increase the success rate further to almost 100% 

[12]. Indeed, some endoscopy centers with maximum 

expertise can achieve >99% bile duct clearance rate for 

any kind of bile duct stones [ 15]. 

More information concerning the role of ERCP in 

the diagnosis and treatment of choledocholithiasis are 

presented in the chapter "Endoscopic management  of 

common bile duct stones". 

7.5.2.2. Biliary Str i c tures  

The overall success rate for ERCP as a method of defi- 

ning the site and nature of a biliary obstruction is equal 

to 90% [16]. Moreover, ERCP is useful in the assess- 

ment and treatment of biliary obstructions, especially 

those of a malignant nature. Narrowing of the intra- or 

extrahepatic bile duct can be caused by a wide range 
of benign or malignant disorders. 

ERCP is the gold standard method for biliary tree 

imaging. The cholangiographic presence of a smooth 

taper to the stricture can suggest a benign etiology (fig. 

7.12). On the contrary, an irregular in contour, eccen- 

tric stricture is suggestive of malignancy (fig. 7.13). A 

prestenotic dilatation of bile ducts is almost always 

present. Bile duct stones are quite often found in the 

dilated, proximal to a stenosis, part of the biliary tree 

(fig. 7.14). Sometimes the cholangiographic appearan- 

ce of a bile duct carcinoma may be that of a filling de- 

fect (fig. 7.15). Rarely, a diffuse infiltrating biliary car- 

cinoma may mimick the appearance of primary sclero- 

sing cholangitis. 
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Fig. 7.9. 
a. Multiple stones of several size in the common bile duct. 
b. After sphincterotomy and mechanical lithotripsy, the common 
bile duct was cleared using basket and balloon catheters for stones 
and fragments extraction. 
c. Air in the biliary tree after sphincterotomy and complete clearan- 
ce of the common bile duct from stones. 

Fig. 7.10. Multiple small bile duct stones in the biliary tree, before 
(a) and after (b) stones removal from the bile ducts. 

After biliary stenosis is diagnosed, the initial chal- 
lenge for the endoscopist is to distinguish an under- 
lying malignancy from a benign obstructive process. 
Compared to other imaging techniques, ERCP may 
yield a definite diagnosis by obtaining tissue speci- 
mens for histological or cytological analysis. Brush cy- 
tology performed at ERCP has now become the prefer- 
red initial method of pursuing tissue diagnosis in pa- 
tients with biliary strictures. The technique has a low 
complication rate and allows sampling from most sites 
within the biliary duct system. The diagnostic specifi- 
city of biliary brush cytology is very high (>95%) but 
its mean sensitivity is no higher than 59% (range 42- 
85%) [17, 18]. Using endoluminal biopsy forceps, tis- 
sue specimens from the stricture could be histological- 
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Fig. 7.11. 
a. Multiple bile duct stones in a 75-year-old patient with severe acu- 
te suppurative cholangitis. Due to patient's unstable clinical status, 
a plastic pig-tail type stent has been inserted to decompress the bi- 
liary tree and prevent stone impaction. 
b. After patient's clinical improvement, the stent was removed, a 
sphincterotomy was performed and the bile duct has been comple- 
rely cleared from stones. Note the inflated balloon at the distal part 
of the common bile duct. 

z 

Fig. 7.12. 
a. A quite long benign biliary stenosis affecting the common hepatic 
and common bile ducts. Note the regular in contour appearance of 
the stenosis, which clinically was manifested with jaundice in the 
early postoperative period, after an open cholecystectomy for sup- 
purative cholangitis. 
b. The same stenosis after endoscopic balloon dilatation. Note the 
inflated dilation balloon into the common bile duct. 

ly analysed. However, biopsies and brushing yield a 
combined diagnostic sensitivity that is no higher than 
62% [19]. 

Besides its diagnostic value, ERCP is also effective 
in the treatment of both malignant and benign biliary 
strictures (fig. 7.12, 7.13). Endoscopic stem placement 
provides effective palliation in patients with malignant 
disease and significant biliary obstruction, either as a 
temporary measure before surgical treatment or for 
long-term palliation. The role of preoperative biliary 

decompression for malignant obstruction should be li- 
mited to those patients with acute cholangitis or those 
who have severe pruritus and the waiting list for a sur- 
gical resection is long [20] (detailed presentation of the 
endoscopic palliative management of malignant biliary 
strictures in the chapter 21). 

Benign biliary strictures may be successfully dilated 
with hydrostatic balloons (fig. 7.12) or a graduated ca- 
theter passed over a guidewire. To prevent recurrent ste- 
nosis the placement of one or multiple stents through 
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Fig. 7.13. a. A malignant stenosis at the proximal common bile duct 
due to cholangiocarcinoma. Note the irregularity of the stenosis 
and the prestenotic dilatation of the intrahepatic biliary tree. 
b. A plastic 10-French stent has been inserted through the stenosis 
for temporary palliation of patient's symptoms. 

Fig. 7.14. a. A malignant common bile duct stenosis due to cholan- 
giocarcinoma. A prestenotic dilatation of the intrahepatic bile ducts 
as well as contemporary choledocholithiasis are seen. 
b. A plastic stent has been inserted through the stenosis to tempo- 
rarily reduce deep jaundice. 

the dilated stricture may prove helpful [21]. Indica- 

tions for endoscopic dilation of benign strictures inclu- 

de postoperative strictures, dominant strictures in scle- 

rosing cholangitis, chronic pancreatitis and stomal nar- 

rowing after choledochoenterostomy [22]. 

7 .5 .2 .3 .  Iatrogenic Bile Duct Injury 

Post-operative Bile Duct Strictures 

Benign postoperative bile duct strictures can occur fol- 

lowing cholecystectomy, common bile duct explora- 

tion, gastrectomy, pancreaticoduodenal resection or he- 

patic surgery (fig. 7.16). Direct injury with partial or 

complete resection of the bile duct, clipping of the bile 

duct (fig. 7.17) as well as ischemia due to disruption in 

its bloodsupply are the most common causes of post- 

operative bile duct strictures. Most postoperative stri- 

ctures are short (<10 mm) and they are classified as ty- 

pe I strictures, according to the Bismuth classification [23]. 

The role of ERCP in the diagnosis and management 

of patients with benign postoperative bile duct strictu- 

res is well established [24]. Strictures may be dilated 

with hydrostatic balloons and one or multiple stent can 

be placed. At the first endoscopic session one or two 
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Fig. 7.15. 
a. A filling defect into the common hepatic duct of a male patient with 
cholangitis and hemobilia. Examination of the tissue specimens, ob- 
rained at ERCP with biopsy forceps from the mass lesion, revealed a 
hepatocellular carcinoma infiltrating the bile ducts. 
b. A plastic 10-French stent has been inserted into the intrahepatic 
ducts to improve patient's clinical condition. 

Fig. 7.16. 
a. Benign stenosis at the level of the common hepatic duct. This 60- 
year-old male patient manifested a progressively deteriorating ob- 
structive jaundice, immediately after a troublesome open cholecy- 
stectomy for suppurative cholecystitis. 
b. A plastic 10-French stent, inserted into the intrahepatic ducts, led 
to a rapid clinical improvement of the patient. 

10-French plastic stents are inserted through the di- 

lated stricture over an atraumatic guide wire. At 6 to 8 

weeks, the initial stents are replaced by two or more 

10-French plastic stents. Thereafter these are replaced 

with new stents at 3 months intervals over a period of 

12 months. Should the endoscopic management  fail or 

a complete ductal obstruction is noticed the patient 

should be referred to a surgeon [22, 25]. With regard 

to benign bile-duct strictures created after cholecyste- 

ctomy, the outcome of balloon dilation and stent treat- 

ment is encouraging but still far from optimal and cli- 

nical success rates with these modalities can range 

from 55% to 88% [21, 25]. 

Orthotopic liver transplantation (OLT) has seen a 

rapid developed. However, a variety of complications 

involving the biliary tract, including anastomotic bilia- 

ry strictures, may arise in patients who undergo OLT. 

Though many of these strictures are successfully diag- 

nosed and treated endoscopically, [26] extensive intra- 

hepatic strictures are not suitable for endoscopic thera- 

py. The outcomes of endoscopic therapy of bile duct 

strictures occurring after liver transplantation tends to 
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Fig. 7.17. Complete occlusion of the common bile duct due to erro- 
neous clipping at laparoscopic cholecystectomy. This 55-year-old 
female patient underwent surgery with choledochojejunal anasto- 
mosis. 

be highly variable, with reported success rates as high 
as 91% to 100%, while other investigators have shown 
a mere 42% success rate for early postoperative strictu- 

res and 8% for late postoperative strictures [26-28]. 

Postoperative Bile Duct Leak 

Direct injury of the bile duct, usually during cholecy- 
stectomy, may lead to its complete or partial rupture 
followed by bile leakage. Although accurate data do 
not exist, biliary leakage is more common after laparo- 
scopy than after an open procedure. ERCP is the proce- 
dure of choice for the accurate diagnosis and success- 
ful management of a suspected biliary leakage [29] (fig. 
7.18, 7.19, 7.20). Biliary leaks from the cystic duct, 
which account for the majority of cases, the bile duct 
and the ducts of Luschka, respond well to decom- 

pression of the bile duct by endoscopic stent place- 

ment or nasobiliary drainage with or without sphincte- 

rotomy [29-31]. Stems are usually placed for 4 to 6 
weeks but longer intervals of stent placement may be 
necessary for larger duct injuries [32]. These principles 
also apply to bile leaks that occur after liver resection 

[33, 34]. Success rates for endoscopic closure of bile 

leaks depend on size and location of the area of lea- 
king and ranges from 80% to 100% [22]. Most amena- 

ble to successful endoscopic treatment are the cystic 

duct stump leaks. 

Fig. 7.18. 
a. Cystic stump leakage after laparoscopic cholecystectomy. 
b. A short 10-French endoprosthesis has been placed in the com- 
mon bile duct to reduce intrabiliary pressure. Cholorrhea stopped 2 
days after the common bile duct stenting. The endoprosthesis was 
removed 6 weeks later. 

Postoperative Complications 
of Choledochoduodenostom y 

"Sump" syndrome represents a complication of chole- 
dochoduodenostomy. Endoscopic retrograde cholan- 
giography via the main duodenal papilla demonstrates 
stones or debris in the distal blind end of the common 

bile duct (fig. 7.21). Endoscopic sphincterotomy with 

bile duct clearance is usually beneficial [35]. 
Stenosis of a choledochoduodenostomy could pos- 

sibly result in cholangitis, biliary obstruction and the 
"sump" syndrome. Endoscopic dilation of a strictured 
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Fig. 7.19. 
a. Right hepatic duct leakage consequent to damage at open chole- 
cystectomy. 
b. A 10-French plastic endoprosthesis has been inserted in the com- 
mon bile duct. Cholorrhea stopped 3 days after the common bile 
duct stenting. 

Fig. 7.20. 
a. Long-standing cholorrhea from a small intrahepatic bile duct at the 
site of a hepatic hydatid cyst removal. Note the small residual cyst 
cavity. 
b. A 10-French plastic endoprosthesis has been placed in the com- 
mon bile duct, which resulted in discontinuation of the bile duct 
leakage a few days later. 

anastomosis with sequential bile duct clearance may 
be curative [36]. 

7.5.2.4.  Mirizzi's Syndrome 

The impaction of a large stone either in the neck of the 
gallbladder or in the junction of the cystic duct with 
the common bile duct, which is rare, may usually cause 

compression of the common hepatic duct [37]. The ty- 

pical finding of endoscopic retrograde cholangiogra- 
phy is that of a smooth stenosis, usually of the common 
hepatic duct (fig. 7.22). The main differential diagnosis 

is malignancy of the gallbladder or common bile duct. 

Sometimes accurate diagnosis is made only during sur- 

gical procedure. 

7.5.2.5.  Sclerosing Cholangitis 

Primary Sclerosing Cholangitis 

ERCP provides high quality imaging of the biliary tree 

in cases of primary sclerosing cholangitis (PSC) inclu- 

ding those with minimal biliary abnormalities (fig. 7.23). 

The cholangiographic appearance of PSC is characteri- 



9 8  Chapter  7: Endoscop ic  Retrograde C h o l a n g i o p a n c r e a t o g r a p h y  

Fig. 7.21. ((Sump)~ syndrome in a patient with choledochoduodenal 
anastomosis and recurrent episodes of cholangitis. Endoscopic re- 
trograde cholangiogram via the duodenal papilla demonstrates small 
stones and debris in the distal blind end of the common bile duct. 

zed by multiple short strictures of both the intrahepatic 

and the extrahepatic biliary tree, with the cystic duct 

and gallbladder remaining normal {38]. A beaded ap- 
pearance of the biliary tree is characteristic of PSC. 
The presence of a polypoid mass, markedly dilated 
ducts proximal to a stricture or rapidly progressive stri- 

cture formation are cholangiographic findings signa- 

ling the development of cholangiocarcinoma. 

Sometimes PSC may present difficulties for the en- 

doscopist such as, difficult catheterization of the retra- 
cted papilla due to biliary fibrosis, an increased risk of 
bile duct perforation by guidewires and problematic 
selective cannulation of the individual hepatic duct. In 
addition, patients with PSC undergoing ERCP carry a 
greater risk of procedure-related cholangitis [39, 40]. 
Moreover, the cholangiographic diagnosis of a PSC com- 

plicating cholangiocarcinoma is mostly impossible. For- 

tunately, a significant increase in diagnostic accuracy 

may be made by obtaining tissue'specimens at ERCP 

for cytological or histological analysis. Several studies 

have attempted to improve the diagnostic yield of the- 

se modalities but without notable success [41, 42]. The 

sensitivity and specificity rates of the cytologic evalua- 

tion of tissue specimens obtained at ERCP from domi- 
nant stenoses of patients with PSC are similar to those 

reported for biliary stenoses of another etiology (42- 

85%) [17, 18]. 

Fig. 7.22. 
a. Mirrizi's syndrome. Common hepatic duct obstruction caused by 
the impaction of a stone in the junction of the cystic duct with the 
common bile duct. Note another huge stone occupying the whole 
gallbladder cavity. 
b. A long 10-French plastic endoprosthesis has been inserted in the 
intrahepatic ducts, resulting in rapid decompression of the biliary 
tree from bile and pus. 

The main therapeutic role of ERCP in PSC is to im- 

prove bile flow in cases of obstructive jaundice, acute 

bacterial cholangitis or pruritus due to the presence of 

severe fibrotic strictures or developed biliary malignan- 

cy. Strictures that develop in patients with PSC tend to 

respond well to endoscopic therapy, with balloon 

dilation either alone or in combination with endosco- 
pic stents placement. The limited data available on this 

topic suggest that balloon dilation may suffice and that 

the use of stents is possibly associated with an increa- 
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Fig. 7.23. Retrograde cholangiogram of a patient with ulcerative 
colitis and hepatic biochemical abnormalities demonstrating mini- 
mal changes of primary sclerosing cholangitis. Few short segmental 
intrahepatic stenoses alternate with areas of normal calibre or dila- 
tion. 

sed risk of complications, including bacterial cholangi- 
tis [43, 44]. 

Endoscopic therapy of strictures has been shown to 

be overally beneficial in patients with PSC. Van Milli- 

gen de Wit et al [39] reported that endoscopic therapy 
was technically successful in 84% of their patients in all 

of whom a significant improvement in liver function 

tests was reported within 6 months of insertion of the 

prosthesis. Stents were thereafter replaced electively 
every 2 or 3 months or in an acute basis in patients 
who developed cholangitis. Complications occurred in 
14% of the 105 procedures. During a median follow-up 
of 29 months, after final stent removal, 57% of their 
patients remained asymptomatic with stable liver fun- 
ction tests [39]. In 4 (19%) of the patients clinical and 
biochemical parameters deteriorated, but all respon- 

ded to additional sessions of endoscopic treatment. 
Bjornsson and colleagues [43] evaluated 125 patients 
with PSC to determine the prevalence of dominant 

strictures and the course of liver function tests over 1 

year of follow-up, in patients with or without domi- 

nant strictures. The prevalence of dominant strictures 

was 45% and some of the patients underwent endosco- 
pic therapy. During a follow-up period of 2-21 months 

after the initial diagnostic cholangiography, the mean 

values for alkaline phosphatase and total bilirubin did 

not significantly differ between patients with untreated 

dominant strictures and those without dominant stri- 
ctures. The investigators suggested that endoscopic the- 
rapy of dominant strictures should not be routinely 

carried out [43]. Vuddagiri et al [40] reported on their 

20-year experience of endoscopic treatment for domi- 

nant stricture dilation and stone removal in 110 pa- 

tients with PSC. Endoscopic sphincterotomy was car- 
ried out in 74 patients, brush cytology in 60 patients, 

temporary stent placement in 42 and biliary balloon 
dilatation in 51 patients. Complications occurred in 

5.6% of 393 ERCPs performed, including exacerbations 
of cholangitis in 4 patients and sepsis in 2 patients. An 

overall beneficial response to endoscopic therapy was 

observed in 63 of 88 evaluated patients (72%). One 

study suggested that endoscopic treatment in PSC may 

improve survival [45]. Although endoscopic therapy in 
PSC has not been shown to delay liver transplantation 

or to allow early identification of cholangiocarcinoma, 

cholangiograms obtained at ERCP have been shown to 

have some prognostic value {46]. 

Acquired Immunode~'ciency Syndrome (AIDS) - 
Related Sclerosing Cholangitis 

ERCP may be very helpful in diagnosing HIV-related 

cholangitis. Cholangiographic findings are mostly simi- 

lar to PSC. Diffuse, irregular intrahepatic stenoses with 

a distal extrahepatic stenbsis, and/or intrabiliary filling 

defects owing to biliary squamous metaplasia, have been 

described in patients with the HIV virus, infected by 

cryptosporidia and cytomegalovirus [47]. Diffuse intra- 
hepatic biliary dilation in combination with a smooth 
distal common bile duct stricture as well as stenosis of 
the main duodenal papilla have also been reported [47, 
48]. Endoscopic treatment in patients with HIV-related 
biliary disorders should be applied according to the 
general indications. 

7.5.2.6. Parasitic Infections Involving 
the Biliary Tract 

Oriental Cholangitis 

Several parasites (clonorchis sinensis, Ascaris lumbri- 

coides, Opisthorchis species etc) may predominantly 

involve the biliary tree causing oriental cholangiohepa- 

titis, a syndrome characterized by recurrent episodes 

of abdominal pain jaundice and acute cholangitis. Cho- 

langiography may also disclose biliary strictures, main- 
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ly at the hepatic duct confluence, pigmented bile duct 

stones, as well as long and thin filling defects due to 

intrabiliary parasites [49, 50]. Although therapeutic en- 

doscopic intervention has been reported for stones or 
parasites removal [51] as well as for dilating biliary stri- 

ctures, the role of ERCP in this disease setting remains 
controversial as most associated biliary disorders are 
intrahepatic [50]. 

Hepatic Hydatidosis 

Hepatic hydatidosis, caused by the parasite Echinococ- 

cus granulosus, is characterized by the development of 

hydatid cysts of variable diameter in the liver. Hepatic 

hydatid cysts can cause obstructive jaundice and cho- 

langitis due to either cyst rupture into the biliary tree 

(fig. 7.24, 7.25) or compression of intra- or extrahepa- 
tic bile ducts by a large cyst [52, 53, 54]. Moreover 
after surgery, which is the treatment of choice in the 
management of biliary complications of hydatid cysts, 
a bile secreting fistula sometimes develops due to a 

communication between the residual cyst cavity and 

the biliary tree [55] (fig. 7.20). 

ERCP is considered a reliable method in both the 

detection and the effective management of hepatic hyda- 

tidosis-induced biliary involvement [52, 54]. Bile ducts 

clearance from daughter cysts and residual hydatid 
material can be successfully accomplished by means of 
therapeutic ERCP. Endoscopic therapy has further pro- 
ved to be most effective in the management of post- 
operative bile leaks [54] and biliocutaneous fistulas 

[55]. 

7.5 .2 .7 .  Sphincter o f  Oddi D i s o r d e r s  

Anatomic 

Diagnosis of a suspected ampullary carcinoma or ade- 

noma is yet another indication for ERCP (fig. 7.26). 

Tissue biopsies for histological analysis and cytology 

specimens for cytological evaluation can be obtained 

at ERCP. Moreover, ERCP provides an opportunity to 

evaluate the extent of disease within the common bile 

duct. Although the therapeutic management of papilla- 

ry tumors is mostly surgical, therapeutic ERCP (sphin- 

cterotomy, dilation, stent placement) is a well-confir- 

med option for biliary decompression in cases of con- 
current acute cholangitis or palliation in inoperable ma- 

lignancy. In the case of an ampullary adenoma, an en- 

Fig. 7.24. 
a. Intrabiliary rupture of a hepatic hydatid cyst. The biliary tree is full 
of daughter cysts and hydatid material. This 60-year-old female pa- 
tient presented with symptoms of acute suppurative cholangitis. 
b. Retrograde cholangiogram of the same patient showing comple- 
te clearance of the biliary tree from hydatid material, using a bal- 
loon catheter for stone extraction, after a large sphincterotomy. 
c. Endoscopic view of the same patient showing the extracted hy- 
datid material at ERCP. 
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Fig. 7.25. Retrograde cholangiogram of a patient with a large hepa- 
tic hydatid cyst and symptoms of acute cholangitis. Opacification of 
the cyst, by intrabiliary injected contrast medium, demonstrated 
the cyst rupture into the biliary tree. Note a small amount of hyda- 
rid material into the distal bile duct. 

doscopic ampullectomy is considered as safe and effe- 

ctive as the surgical therapeutic approach [56]. 
Benign stenosis of the main duodenal papilla has 

been reported in some patients with gallstones due to 
scarring of the papilla resulting from the passage of 
stones from the bile duct into the duodenum. Papillary 
stenosis has also been endoscopically diagnosed and 

treated in patients with AIDS without concurrent gall- 
stone disease [48]. 

Functional 

Dysfunction of the Sphincter of Oddi may present with 
signs and symptoms of biliary and/or pancreatic disea- 
se. It is usually diagnosed using sphincter of Oddi ma- 
nometry [57)]. ERCP provides the means for placing a 
manometry catheter to measure pressures within the 
sphincter, common duct and pancreatic duct [58]. After 
diagnostic ERCP, the manometry catheter is inserted 
through the working channel of the endoscope into the 

papillary orifice and directed into the common bile duct 

or the pancreatic duct. The ductal pressure is recorded 

initially. The catheter is then slowly withdrawn by 2- 

mm increments into the duodenum. At each station, 

pressure recordings are obtained for 2 to 3 min. 

Moreover, ERCP allows therapeutic intervention in 

clinically selected or manometrically confirmed cases 
of biliary or pancreatic sphincter dysfunction. Endo- 

Fig. 7.26. 
a. Retrograde cholangiogram of a patient demonstrating an irregu- 
lar filling defect in the distal common bile duct, which represents in- 
filtration of the common bile duct by a papillary carcinoma. Note 
the prestenotic dilation of the biliary tree. 
b. A short 10-French stent has been placed in the common bile duct 
for temporary palliation of the patient's deep jaundice and pruritus. 

scopic treatment for sphincter of Oddi dysfunction is 
associated with a successful outcome in more than 90% 
of patients and is more cost-effective than the surgical 
approach {57]. Therapeutic biliary or pancreatic sphin- 

cterotomy in these cases is associated with a high rate 

of acute pancreatitis after the procedure [59]. To de- 

crease the incidence of post-ERCP pancreatitis in pa- 

tients with sphincter of Oddi dysfunction undergoing 

either manometry or therapeutic sphincterotomy, a 

temporary pancreatic stent should be placed into the 

pancreatic duct. 
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7.5.2.8.  Choledochal Cysts 

Choledochal cysts and anomalous junction of the bi- 
liary and pancreatic ducts are uncommon etiologies of 

bile duct strictures. Choledochal cysts are congenital 

dilatations of the biliary tree, more common in fema- 

les [60)] (fig. 7.27, 7.28). Todani et al classified chole- 
dochal cysts in 5 types (IA, IB, IC, II, III, IVA, IVB, V) 

[61]. They may be identified on ultrasound examina- 
tion or more commonly during cholangiography [60, 

62]. Current treatment of choledochal cysts is essen- 
tially surgical. 

Apart from its effectiveness in precisely diagnosing 
choledochal cysts, ERCP is also therapeutically indica- 

ted in cases of suspected complications such as bacte- 
rial cholangitis, biliary lithiasis, rupture and cholangio- 
carcinoma. Although not conclusive, endoscopic thera- 
peutic approach is effective in managing these cases by 

performing sphincterotomy, biliary dilation with stem 

placement and stone extraction [62, 63]. Ciambotti et 
al successfully treated a patient with monolobar Caro- 
li's disease (type V choledochal cyst) and multiple in- 
trahepatic stones by stent placement for 1 year, toge- 
ther with administration of ursodeoxycholic acid until 
the stone burden was eliminated [64]. However, endo- 
scopic treatment is the method of choice for uncompli- 
cated choledochocele (type III choledocal cyst) [63, 

65] (fig. 7.29). Patients with choledochal cyst require li- 
fe-long follow-up. Whether this should be performed 

with ERCP, MRCP or endoscopic ultrasound (EUS), re- 
mains to be established. 

7 .5 .2 .9 .  P a n c r e a t i c  D i s e a s e s  

Pancreatic diseases, especially those of the head of the 
pancreas, may usually involve the distal part of the bile 
duct compromising bile flow. 

A variety of pancreatic disorders can be diagnosed 

and treated with ERCP. However, controlled trials eva- 

luating its therapeutic efficacy are limited. The main 
indications for ERCP in pancreatic diseases are presen- 

ted here with special references to pancreatic disor- 

ders affecting the biliary tract. The role of ERCP in this 

context is still under evaluation. 

Acute Pancreatitis 

Nowadays, the role of ERCP during the crucial phase of 

an acute pancreatitis is limited. More specifically, in 

Fig. 7.27. Diffuse dilation of the common bile duct with distal bile 

duct stenosis, representing a Type I choledochal cyst. 

Fig. 7.28. Diffuse dilation of the common bile duct in a female pa- 
t ient with a Type I choledochal cyst. Note the normal common he- 
patic and intrahepatic ducts as well as a stenosis of the distal com- 
mon bile duct. The patient was suffering for years from recurrent 
episodes of acute cholangitis. 

this clinical case, it is restricted to patients with severe 

acute pancreatitis and concurrent cholestasis, especially 
when considering a known or highly suspected chole- 

docholithiasis. In this context, ERCP has been found be- 

neficial, reducing disease morbidity and mortality [66, 
67]. On the contrary, ERCP is not useful during the acu- 
te phase of acute pancreatitis unrelated to cholestasis 
[68]. Most common cholangiographic findings in acute 

pancreatitis include biliary lithiasis and distal common 

bile duct stenosis due to compression from the pan- 



Kon. Goumas, A. Poulou 103 

Fig. 7.29. Retrograde cholangiogram showing a Type III choledochal 
cyst (choledochocele). 

creatic oedema or a developed pseudocyst. In rare ca- 

ses, a parasitic biliary infection, pancreas divisum and a 

pancreatic or papillary tumor may be diagnosed [69]. 
The majority of patients with acute pancreatitis re- 

cover uneventfully with conservative management of 

the disease. Choledocholithiasis in these patients should 

be treated with ERCP after complete recovery from the 

acute episode of pancreatitis. The need for ERCP follo- 

wing an isolated episode of pancreatitis of unknown 

origin has not been confirmed. 

Acute Recurrent Pancreatitis 

In cases of acute recurrent pancreatitis, it would be 

ideal if ERCP should be reserved for treatment of ab- 

normalities spotted already by means of less invasive 

imaging techniques such as MRCP and EUS. These mo- 

dalities may detect microlithiasis, choledocholithiasis, 

unsuspected chronic pancreatitis and in some cases, 

pancreas divisum and annular pancreas [70, 71]. In 

selected patients with microlithiasis confirmed by bile 

analysis, the endoscopic sphincterotomy may be useful 

in preventing recurrent pancreatitis [72]. 

The role of pancreas divisum as a cause of recurrent 

acute pancreatitis remains controversial. In selected pa- 

tients, minor papilla sphincterotomy may prevent further 

attacks of acute recurrent pancreatitis. Furthermore, fe- 

wer hospitalizations and better quality of life with sub- 

stantial pain relief has been reported in these patients, 

after minor papilla sphincterotomy [73, 74i. 

Chronic Pancreatitis 

Chronic pancreatitis may cause distal bile duct strictu- 

res mostly due to fibrosis (fig. 7.30, 7.31). ERCP is effe- 

ctive in diagnosing and typically treating these strictu- 

res with dilatation and stent placement [75]. 

In the past, it was believed that ERCP is essential 

prior to surgery for chronic pancreatitis. Nowadays, 

asymptomatic or symptomatic chronic pancreatitis can 

be successfully diagnosed by less invasive imaging te- 

chniques, such as MRCP and EUS [70]. However, ERCP 

still remains the gold standard diagnostic modality in 

order to obtain definitive imaging of early ductal ab- 

normalities seen in chronic pancreatitis. Abnormalities 

include reduced number of branches (focal, multifocal, 

diffuse), which may be shortened, dilated or narrowed 

and irregular in contour. Moreover ERCP remains use- 

ful in the preoperative assessment of pathologic chan- 

ges in pancreatic anatomy, demonstration of a commu- 

nication between pancreatic ducts and a pseudocyst 

and determining the presence of strictures, of obstru- 

ction or pancreatic stones [76]. 
ERCP also provides direct access to the pancreatic 

duct for treatment of symptomatic stones, strictures and 

pseudocysts. Pancreatic strictures can be successfully 

treated with dilation and stent placement. Pancreatic 

sphincterotomy and stone removal may be difficult or 

even impossible and stone fragmentation may require 

extracorporeal shock wave lithotripsy {77]. Pancreatic 

endotherapy pain relief varies widely, with reported 

short-term improvement rates of 77% to 100% and 

long-term improvement rates of 54% to 86% [76, 78, 
79]. However, it appears that pancreatic endotherapy, 

with strictures dilation and stone removal does not im- 

prove.pancreatic function {79]. Compared to endothe- 

rapy, surgery is superior for long-term pain reduction 

in patients with obstructive chronic pancreatitis. 

Pancreatic Duct Leaks and Pseudocysts 

Pancreatic duct leaks may result due to severe acute or 

chronic pancreatitis and pancreatic trauma. They may 

be manifested as pancreatic ascites and/or pseudocyst 

formation. ERCP is sometimes indicated for preopera- 

tive assessment of the disorder. However, pancreatic 

leaks and communicating pseudocysts can often be 

treated with transpapillary pancreatic stent placement 

[80, 81] with reported success rates of 80% to 90% [76, 
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Fig. 7.30. Retrograde cholangiopancreatogram of a patient with chro- 
nic pancreatitis and cholestasis. Note the distal bile duct stenosis due 
to fibrosis. The main pancreatic duct and its side branches are dilated. 

83]. Succesful transmural drainage of pseudocysts through 

the gastric or duodenal wall by an experienced endo- 

scopist can be successful in more than 80% of cases [83]. 

Pancreatic Tumors  

ERCP is very effective in diagnosing adenomas of the 

main duodenal papilla, by obtaining biopsies under di- 

rect vision for tissue analysis (fig. 7.26). Moreover, sna- 

re ampullectomy may offer definitive treatment of am- 

pullary adenomas, without intraductal extension, in ap- 

proximately 80% to 90% of patients [56]. At the time of 

resection, pancreatic stent placement reduces the risk 

of post-ERCP pancreatitis [84]. 

The role of ERCP in the management of pancreatic 

malignancies is presented in another chapter of this book. 

ERCP is mostly indicated for palliation of obstructive 

jaundice in selected patients with inoperable or unre- 

sectable pancreatic cancer. 

Fig. 7.31. a. Retrograde cholangiopancreatogram of a patient with 
chronic pancreatitis and cholestasis showing a pseudocyst at the 
head of the pancreas. The pseudocyst causes distal bile duct steno- 
sis due to compression, b. A plastic stent has been placed to impro- 
ve patien's clinical condition. 

7 . 6 .  C o m p l i c a t i o n s  o f  E R C P  

Complications of diagnostic ERCP include those that are 

associated with any upper gastrointestinal tract endo- 

scopic procedure, categorized to those related to the 

pre-procedural sedation, the use of radiation during 

the procedure as well as those specific to ERCP. 
Early studies have reported that perforation of the 

upper gastrointestinal tract wall with the side-viewing 

endoscope rarely occurs {85]. Such a complication is 

greatly related to endoscopist experirence as well as 

the presence of structural abnormalities (e.g., Zenker's 

diverticulum, eosophageal stenosis, gastrectomy with 

Billroth type II anastomosis). Whenever such a structu- 

ral abnormality is suspected, it is prudent to perform 

first an endoscopy, with a forward-viewing endosco- 

pe. Perforation of the duodenal wall from the use of 

guide wires or other accessories is also very rare. 

Complications of conscious sedation during ERCP 

are usually related to oversedation due to repeated 

doses of sedative and analgesic agents. Elderly patients 

as well as those with a history of significant cardiopul- 

monary disease are more prone to hypoxia under the- 

se circumstances. The risk of adverse events due to se- 

dation should be systematically identified before ERCP. 

Careful monitoring of the patient's vital functions by an 

independent assistant is mandatory during the proce- 
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dure [86]. Benzodiazepines and opioids are most com- 
monly used during ERCP. Propofol has been given sa- 
fely by endoscopists [87] but its wider use depends on 
local rules and laws. 

Both patient and endoscopists are exposed to radia- 

tion during ERCP. Radiation dosages in patients under- 

going ERCP are comparable with other radiographic 

procedures. Radiation to which endoscopists and assi- 

stants are exposed during ERCP can be decreased to 

negligible amounts by reducing the duration of fluoro- 

scopy and following the general instructions for prote- 

ction against radiation [88]. Even during pregnancy 

ERCP can be safely performed using extra protection 

measures [89]. 
Particular procedure-related complications of ERCP 

most commonly include acute pancreatitis, perforation 

of the duodenal wall during sphincterotomy (fig. 7.32), 

sepsis and bleeding. These complications are presen- 

ted in the chapter of "Endoscopic management of bile 

duct stones". In our days, ERCP is a mostly a therapeu- 

tic procedure and endoscopic sphincterotomy of the 

main duodenal papilla is quite often. As a result, it is 

difficult to differentiate the complications which are 
related to the diagnostic part of the procedure, from 
those associated to the therapeutic intervention. None- 
theless, the risk of major bleeding as well as perfora- 

tion of the duodenal wall from a diagnostic ERCP is ve- 

ry low and should be near zero in experienced hands. 

Finally, according to current guidelines for upper ga- 

strointestinal tract endoscopy, prophylactic admini- 

stration of antimicrobial agents prior to procedure in 

order to prevent cholangitis, should be administered 
in patients with suspected biliary obstruction [90]. 

7.7. The Role of ERCP in Biliary Disorders 
in the Era of MRCP and EUS 

ERCP has been widely used for the evaluation of bilia- 

ry diseases and represents not only an accurate diagno- 

stic modality but also an effective therapeutic techni- 

que. However, diagnostic ERCP is associated with 

morbidity and mortality rates of 1-6% and 0.1-0.6%, 

respectively [91]. When compared to surgery, such 

complication rates may be acceptable in therapeutic 

ERCP, but these complication rates are not acceptable 

when ERCP is used as a diagnostic method. Moreover, 

Fig. 7.32. Post-sphincterotomy perforation. Note the presence of 
air below the diaphragms and around the liver and right kidney. This 
female patient was successfully managed conservatively. 

ERCP is highly operator-dependent with incomplete 

examination and unsuccessful cannulation rates of 6% 

and 3-9% respectively {92]. Nonetheless, ERCP with 
sphincterotomy is still considered the gold standard 
method in evaluating biliary duct diseases, also provi- 
ding the opportunity for tissue or cytological analysis. 

MRCP, since its introduction in 1991, has shown 

many technical advances and it is now widely availa- 

ble. Most recent studies have shown MRCP to be com- 
parable to ERCP in identifying choledocholithiasis and 

biliary strictures, with sensitivity of 81-100% and spe- 

cificity of 85-100% [93-95]. Drawbacks of MRCP inclu- 
de its absolute contraindications in patients with a per- 

manent pacemaker or cerebral aneurysm clips, the un- 
willingness of some claustrophobic patients (--4%) to 
undergo the examination and the nonspecificity of the 
signal voids which, apart from calculi, could be due to 
air, mucus or blood. On the contrary, MRCP is a non 
invasive and minimally operator-dependent diagnostic 
method, with negligible morbidity and mortality rela- 

ted to the procedure [96]. 

EUS has been suggested as an excellent means of 

evaluating biliary tree diseases, such as choledocholi- 

thiasis, gallbladder disorders as well as bile duct malig- 

nancies. The accuracy of EUS in the diagnosis of com- 

mon bile duct stones is very high (sensitivity of 93- 

97% and specificity of 97-100%) [97, 98]. Compared 
with ERCP in a prospective study, EUS seemed to be 
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the best  choice  for diagnos ing  ex t rahepat ic  cholestasis  

of  indef in i te  or igin [96]. EUS is a m o r e  invasive p roce -  

dure  than MRCP, wi th  m o r b i d i t y  of  0.05% and  mortal i -  

ty of  0.01% [96]. The m e t h o d  is h ighly  ope ra to r -de -  

p e n d e n t  and is not  yet  w id e ly  available. EUS p rov ides  

grea te r  accuracy than MRCP in the de t ec t ion  of  bile 

duct  calculi [99]. H o w e v e r ,  as a p r o c e d u r e  in the de te-  

c t ion of  microli thiasis ,  Burtin e s t ima ted  that MRCP was 

mos t  cost effect ive ( $ 3 6 1 ) t h a n  EUS ($438)[96] .  

The accuracy of  MRCP and  EUS in the diagnosis  of  

bil iary d i so rde r s  has resul ted  in a d ramat ic  dec rease  of  

d iagnost ic  ERCP cases. Never the less ,  d iagnost ic  ERCP 

is still favoured for so m e  indications. In a recent  series 

in a center  w h e r e  EUS is current ly  available, out of  1159 

ERCPs p e r f o r m e d ,  9.5% w e r e  d iagnost ic  p r o c e d u r e s  

[~oo1. 
Conclusively, diagnostic ERCP should be perfor- 

med following absolute indications. MRCP generally 
appears to be more advantageous than EUS in dete- 
cting choledocholithiasis. In other biliary disorders the 
se lec t ion  of  the  mos t  appropr i a t e  m e t h o d  remains  con-  

troversial .  
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ENDOSCOPIC ULTRASONOGRAPHY 
ON GALLBLADDER AND BILIARY TRACT 

Kon. Goumas, A. Poulou 

Endoscopic ultrasound (EUS) has recently emerged as 
a very reliable imaging modality for the pancreaticobi- 
liary system. Apart from other applications, EUS is a 
minimally invasive imaging technique which is widely 

used all over the world for identifying biliary abnor- 

malities. Lesions as small as 2 to 3 mm in diameter, can 

be visualized by EUS. In France, 48.039 EUS procedu- 
res were performed during 1999, 58% of which related 
to pancreaticobiliary diseases [1]. In a recent series in a 

center where EUS is currently available, the rate of 
diagnostic endoscopic retrograde cholangiopancreato- 

graphies (ERCP s) was only 9.5% in a total of 1,159 ERCP 
procedures [2]. Recent years have seen new technical 
developments recorded in the field of EUS. 

Despite, however, EUS being more than 20 years old, 

it remains a highly inaccessible and very operator-de- 

pendent procedure as well as an expensive technology 
with some definite and many debatable indications in 
diagnosing biliary diseases. 

8.1.  E q u i p m e n t  and Techn ique  

Endoscopic ultrasonography (EUS) is a combination of 
endoscopy and high-frequency ultrasound. The incor- 
poration of a small ultrasonic transducer into the tip of 
endoscopes, allows precise diagnostic application of 
ultrasounds very close to a target lesion or organ. "Echo- 

endoscopes" used for the examination of pancreas and 
biliary tract are usually oblique-viewing endoscopes. 

Depending on the type of instrument used, generation 
of ultrasound could be mechanical or electronic, the 
later being suitable for Doppler ultrasound [3]. 

There are two main types of echoendoscopes. The 
first type (fig. 8.1), which is the most frequently used, 

Fig. 8.1. Radial EUS EVIS- EXERA (OLYMPUS). 

generates a radial image of 360 ° oriented perpen- 
dicular to the long axis of the instrument. The second 

type (fig. 8.2) generates a linear-type image (110-250 °) 
directed parallel to the shaft axis of the endoscope, 
being appropriate for EUS-guided fine- needle aspira- 
tion punctures. Both types are equally suitable for valua- 
ble pancreaticobiliary imaging [4]. Acoustic coupling 
of the ultrasonic transducer to the mucosal surface of 
the gut is achieved either by the application of a water- 
filled balloon around the tip of the echoendoscope, 
acting as a fluid interface between the transducer and 

the gut wall or by infusing a volume of water directly 

into the lumen [4]. A very small and narrow ultrasonic 

transducer mounted on the tip of a catheter has also 
been developed. Apart from other applications, this 

mini ultrasound probe can be inserted through the 
main duodenal papilla into the bile duct for intraductal 
ultrasound (IDUS) during an ERCP procedure [5]. IDUS 
mini probes due to their high ultrasound frequency 
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Fig. 8.2. Linear EUS EVIS- EXERA (OLYMPUS). 

and limited penetration depth are suitable for evalua- 

ting intraductal biliary stenoses. 

The range of ultrasound frequencies used varies 
from 5.5 MHz to 30 MHz [6], with 7.5 MHz being the 
most frequently applied frequency. High frequencies 
produce the highest resolution images, but at the ex- 
pense of a limited depth of penetration. In contrast, lo- 
wer frequencies provide imaging of lower resolution, 
but of greater depth of penetration from the transducer 
(up to approximately 5 cm). Mini ultrasound probes 

generate very high frequency ultrasound (20-30 MHz) 

providing fine detail of mucosal lesions. 
For pancreaticobiliary EUS, the patient is usually 

placed on his left lateral position. The procedures are 

performed under titrated "conscious" sedation (e.g. 
benzodiazepine, opioid analgesics). Patients usually 
leave the hospital within 2 hours of the procedure. The 
echoendoscope must be inserted into the descending 
duodenum. The positions of the radical scanning echo- 
endoscope, within the duodenum and stomach, for vi- 

sualizing the pancreaticobiliary system are not substan- 

tially different from those of linear EUS scanning [7]. 

With the ultrasound transducer being within the de- 

scending duodenum, the head of the pancreas, the main 

duodenal papilla as well as the distal part of both the 

common bile duct and pancreatic duct can be endoso- 

nographically scanned. After withdrawal of the echo- 

endocsope, with the transducer being at the level of 

the superior duodenal curve, the common bile duct can 

be scanned to the hepatic bifurcation and into both he- 

patic ducts. The gallbladder can be visualized from either 

the descending duodenum, the duodenal bulb or the 

gastric antrum, depending on its relative position [8], 

usually exhibiting a three-layer wall structure. The pan- 

creatic body is better visualized from the distal or mid- 

dle portion of the gastric body and the pancreatic tail 

from the gastric fundus. During withdrawal of the echo- 

endocscope from the descending duodenum to the ga- 

stric fundus, several landmarks (mainly vessels) are used 

by the endosonographer to identify the region of diag- 

nostic interest [8]. 

8.2 The Role of  EUS in Bil iary Diseases 

EUS has been proven to be a valuable tool in evaluating 

the biliary system. It has been suggested as a valuable 

imaging method for the detection of common bile duct 

stones, with a sensitivity of 93-97% and specificity of 

97-100% [9, 10]. The sensitivity of EUS for the dete- 
ction of dilated bile ducts and biliary obstruction ran- 
ges from 55% to 91% [11, 12]. Furthermore, EUS has 
been found to be highly accurate in the local staging of 

tumors of the main duodenal papilla [13]. Moreover, 
several diagnostic and therapeutic biliary applications 
of EUS are under development and/or clinical evalua- 

tion [14]. At present, the main diagnostic indications of 

endosonography in the biliary tree are choledocholi- 

thiasis, biliary neoplasms, tumors of the papilla and 

pancreatic disorders affecting the common bile duct 

(e.g.,exocrine and endocrine tumors, chronic pancrea- 

titis etc.) [ 15]. 

8 . 2 . 1 .  C h o l e d o c h o l i t h i a s i s  

The results of several early as well as more recent stu- 

dies of EUS in patients with suspected bile duct stones 

have shown that the accuracy of EUS is comparable to 
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that of ERCP for the diagnosis and exclusion of chole- 

docholithiasis [10, 15-25] (fig. 8.3). Although in most 

studies the radial scanning principle was applied, a si- 

milar accuracy was achieved when linear scanning 

echoendoscopes were used [26]. 

In 62 patients with suspected bile duct stones, 

Amouyal et al [15], using ERCP or intraoperative cho- 

langiography as the reference standard for the presen- 

ce or absence of duct stones, reported a sensitivity for 

EUS 97% versus 25% for transabdominal ultrasound 

(US) and 75% for computerized tomography (CT). 

Although specificity and positive predictive values we- 

re similar for EUS, US and CT, endosonography sho- 

wed a significantly higher negative predictive value 

(97%) compared with those of US (56%) and CT (78%) 

[15]. In the same study, EUS was also more sensitive than 
US and CT in detecting bile duct stones less than 1 cm 

in diameter. In another study, Prat et al, found the sen- 

sitivities, specificities and positive and negative predi- 

ctive values of ERCP and EUS to be similar in detecting 

choledocholithiasis in patients highly suspected to ha- 

ve duct stones [10]. Canto et al [18] also reported a si- 

milar overall accuracy of ERCP and EUS for bile duct li- 

thiasis. However, the negative predictive value of EUS 

was high (91% to 100%) for patients with moderate 

and low risk for bile duct stones. Similar results were 

obtained in subsequent, more recent trials [18-24]. In a 

prospective study by Napoleon et al [22], 238 patients 

with a normal EUS were evaluated over one year. The 
negative predictive value of EUS for common bile duct 

stone diagnosis was 95%. The authors concluded that 
patients with normal EUS findings have a low risk for 

Fig. 8.3. Endosonographic image of a common bile duct stone. 

an ERCP in a one year period [22]. In a study by Busca- 

rini et al [24], 239 patients had EUS and ERCP, where 

the probability of bile duct stones was considered to 

be high. EUS diagnosis was confirmed in 237 patients 

out of 239 with ERCP. This yielded a sensitivity of 98%, 

specificity of 99%, positive predictive value of 98%, 

negative predictive value of 98% and accuracy of 97%. 

EUS has also been proven highly reliable for diagno- 

sing bile duct stones in patients with acute pancreatitis 

[17, 18, 25], being superior to US [17, 18] and CT and 

equivalent to ERCP [25] in evaluating these patients. 

Two limitations of these studies should be mentio- 

ned. Firstly, most of them included patients with a mo- 

derate to high probability of having a bile duct stone 

[15, 17-21] and endosonographers might have been in- 

fluenced from the known inclusion criteria. Secondly, 

the used reference standards in most studies (intraope- 

rative cholangiography or ERCP) cannot provide a 100% 

confirmation of the presence or absence of duct stones. 

If the reference standards used were totally reliable 

(e.g., ERCP with sphincterotomy or surgery), the EUS 

sensitivity and negative predictive value in diagnosing 

choledocholithiasis might be somewhat lower. 

Although data are limited, intraductal ultrasound 

(IDUS) with high-frequency catheter probes inserted 

into the bile duct, during ERCP, increases the accuracy 

of ERCP in identifying bile duct stones. Das et al [5] 

compared ERCP in solo with ERCP combined with 

IDUS and found that the overall accuracy for diagnosis 

of stones was higher with IDUS (97% vs 87%, p < 0.05). 

According to the existing limited data EUS and MRCP 

have comparable sensitivity in the detection of bile duct 

stones. De Ledinghen et al [21] compared MRCP with 
EUS in 43 patients with suspected choledocholithiasis. 
ERCP with sphincterotomy or surgery were used as the 
reference standard. They reported that the sensitivity, 
specificity and the positive and negative predictive 
values for EUS were 100%, 95.4%, 90.9% and 100%, 
respectively. Corresponding values for MRCP were re- 

spectively 100%, 72.7%, 62.5% and 100% [21]. Schei- 

man et al found EUS to be superior to MRCP for bile 

duct lithiasis [27]. However, Burtin [28] estimated EUS 

to be more costly than MRCP ($438 vs $361, per pro- 

cedure) and he noted increased morbidity and morta- 

lity rate with EUS compared to MRCP (0.05% vs 0% 

and 0.01% vs 0%, respectively). 

Ainsworth et al [29] studied 163 patients who had 
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been referred for ERCP with MRCP and EUS. ERCP was 

the reference standard. They reported no difference in 

the diagnostic accuracy and clinical impact between 

EUS and MRCP in the majority of patients (93% vs 91% 

respectively). They also concluded that the impact of 

EUS or MRCP on the ERCP workload was highly de- 

pendent on the presumed probability of needing en- 

doscopic therapy [29]. 

In conclusion, EUS is a valuable diagnostic method 

in detecting choledocholithiasis, comparable to MRCP 

and ERCP. However, taking into account its higher cost 
and relative inaccessibility, EUS may be considered for 
evaluation of bile duct lithiasis as a prelude to ERCP, 

when there is low to intermediate suspicion for com- 

mon bile duct stones or when there is an increased risk 

for performing an ERCP [30]. 

8.2.2. Biliary Strictures 

It is important to distinguish between benign and ma- 

lignant biliary strictures as their management differs. 

The appropriate diagnostic modality should precisely 

demonstrate and effectively provide histological diag- 

nosis of the stricture. The results of several studies sug- 

gested that EUS can be helpful in identifying biliary 

strictures [13, 31-34]. EUS demonstrates biliary tumors 

as a localized mass lesion around the bile duct or as a 
thickening of the bile duct wall, frequently similar to 

that caused by inflammatory stenoses. Lee et al found 

that a bile duct wall thickness equal to or more than 3 
mm had a sensitivity for predicting malignancy of 79%, 
specificity of 79%, positive predictive value of 73% and 
negative predictive value of 80% [13]. Endosonographic 
assessment of biliary tumors and their local invasion 
has been shown to be accurate, especially for those sited 
distally or proximally (fig. 8.4). EUS evaluation of lymph 
node metastasis as well as infiltration of right hepatic 

duct by a tumor is sometimes difficult to be demon- 

strated. EUS is also useful for accurate assessment of lo- 

cal invasion of gallbladder carcinoma [8]. 

Rosch et al [35] compared ERCP with CT, MRCP and 

EUS in a series of 50 patients with suspected biliary 

stricture. The sensitivity and specificity for diagnosis of 

malignancy were 85% and 75% for ERCP and percuta- 
neous transhepatic cholangiography (PTC), 85% and 
71% for MRCP, 77% and 63% for CT and finally 79% 
and 62%, respectively, for EUS. The combination of 

MRCP and EUS improved specificity [35]. In another 

Fig. 8.4. Endosonographic image of a cholangiocarcinoma. 

study, Scheiman et al [27] compared EUS with MRCP 

using ERCP as reference standard, in patients with a 

low suspicion of biliary disease. In this study EUS had 

a higher specificity and positive predictive value for 

the diagnosis of biliary stricture (100% and 100%) 

compared to MRCP (76% and 25%). 

ERCP is the conventional test for the accurate diag- 

nosis of biliary strictures. IDUS is considered as a pro- 

mising adjunct to ERCP, as it accurately distinguishes 

malignant from benign strictures [36-38]. Tamada et al 

[36] reported that IDUS within the bile duct stricture 
can significantly enhance diagnostic accuracy compared 

to classical endosonography (89.1% vs 75.6%, p < 0.002). 
Domagk et al [37] found that ERCP and MRCP allowed 
correct differentiation of malignant from benign bile 
duct strictures in 76% and 58% (p = 0.057), respective- 
ly. However, ERCP with IDUS increased the accuracy 
of correct differentiation of malignant from benign bi- 
liary lesions significantly to 88% (p < 0.005) [37]. 

Endoscopic ultrasonography provides the opportu- 
nity of establishing a cytological diagnosis based on 

biopsy specimens obtained by fine-needle aspiration 

(FNA) [31, 32, 39]. FNA is done safely only with linear- 
type echoendoscopes which provide visualization of 

the entire needle course during the puncture process 

[4]. Immediate assessment of the specimen (in-room 

cytopathology) may increase the accuracy of this pro- 

cedure [40]. 
In a study of 50 patients with obstructive jaundice 

in whom a tissue diagnosis was required, EUS was 

compared with ERCP for accurate diagnosis of bile 

duct strictures. ERCP-based techniques were more sen- 
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sitive in the biliary tumors subgroup (ERCP 75% vs EUS 

25%), whereas EUS-guided biopsy was superior for 

pancreatic mass (EUS 60% vs ERCP 38%) [36]. Lee et al 

used EUS to examine 40 patients who had unexplained 

common bile duct strictures after ERCP and intraductal 

tissue sampling. They reported a low sensitivity of EUS- 

FNA for malignancy of 47% with specificity of 100%, 

positive predictive value of 100% and low negative 

predictive value of 50% [13]. 

However, EUS-FNA may be more sensitive in hilar 

cholangiocarcinoma. Fritscher-Ravens et al used EUS- 

FNA to characterize potentially operable hilar cholan- 

giocarcinoma [31]. They cytologically identified hilar 

cholangiocarcinoma in 26 patients, metastases in 5 and 

benign disease in 12 patients. The overall diagnostic 

accuracy, sensitivity and specificity were 91, 89 and 

100%, respectively. EUS-FNA resulted in a major chan- 

ge of management in 20% of the patients in whom sur- 

gery was avoided. In the prospective study of Eloubei- 

d ie t  al [33], 28 patients with suspected cholangiocarci- 

noma were evaluated with EUS-FNA. Final diagnosis 

(by imaging, surgery or autopsy) was used as reference 

standard. The authors reported a sensitivity, specifici- 

ty, positive predictive value, negative predictive value 

and accuracy of EUS-FNA of 86%, 100%, 100%, 57% 

and 88%, respectively [33]. 

A therapeutic role is emerging for endosonography. 

In a report of 5 cases,Kahaleli et al scribed how bile 

duct drainage and decompression had been effectively 

performed in all five patients with obstructive jaundice 

and unsuccessful attempts with ERCP [38]. This was 

accomplished with formation of an enterocholedochal 
fistula. Moreover, Giovannini et al [41] successfully per- 
formed hepaticogastrostomy entirely under EUS gui- 
dance to decompress intrahepatic ducts of a patient with 
hilar cholangiocarcinoma. 

8.2.3. Papillary Tumors-Periampullary 
Malignant Tumors 

Tumors of the main duodenal papilla can be visualized 

and evaluated by EUS. In general EUS is valuable in the 

local staging of these tumors [42-45], precisely deter- 

mining their local extent, namely the neoplastic invol- 

vement of the common bile duct, pancreas and local 

lymph nodes. However, Rosch et al suggested that EUS 

is not reliable in distinguishing papillary adenoma from 

Fig. 8.5. Endosonographic image of a periampullary malignant tu- 

mor. 

focal or localized carcinoma, in cases of inconclusive 

histology [46]. 

Apart from ampullary tumors, the periampullary re- 

gion can be involved by a heterogeneous group of ma- 

lignancies including those from pancreas, distal com- 

mon bile duct and duodenum. These tumors are how- . 
ever, homogenous in their highly malignant nature, de- 
layed clinical manifestation and usually dismal progno- 

sis. Radical surgical resection provides the only curati- 

ve treatment in patients with these tumors. Preoperati- 

ve detection and staging of periampullary malignancies 

are currently based on CT scan-evaluation. However, 

several studies have demonstrated that patients with 
periampullary malignancies are more accurately staged 

by EUS [42, 47-54] (fig. 8.5). Sensitivities for EUS in 
most studies range from 71% to 100% and for CT from 
24% to 92%. 

EUS is not useful for differentiating local chronic 
pancreatitis from cancer [55] and its accuracy in loco- 
regional staging of malignancy is seen both enthusiasti- 
cally [42, 55, 56] as well as more skeptically [57]. For 
pancreatic and biliary cancer staging helical CT is pro- 
bably at present the method of choice, but due to its wi- 
despread existence alone, EUS might be used as a se- 

cond line test when CT is uncertain or for additional in- 

formation (FNA) or treatment (plexus neurolysis) [58]. 

8.3. Complications of EUS 

Complications are very rare in EUS and relate to either 
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the endoscopic  port ion of the procedure  or those parts 

of the procedure  associated with FNA biopsy. 

Complications related to the endoscopic  port ion of 

the procedure  include oxygen desaturation due to se- 

dation, cardiovascular complications,  such as cardiac 

rhythm abnormali t ies and hypertension,  respiratory 

depress ion and minor  bleeding [59]. Perforations have 

been reported [60, 61], often in combination with FNA, 

but somet imes  were  caused by echoendoscope  intro- 

duction [61] or after dilatation of a stricture to facilitate 

the introduction of the echoendoscope  [4]. In a natio- 

nal survey in the United States, cervical perforat ions by 

EUS occurred in 16 of 42,852 EUS procedures  (0.03%). 

EUS-FNA complicat ions have been  repor ted  in a large 

mult icenter  series in a rate of 0.5% [62]. These include 

rare cases of acute pancreatitis, perforation, extralumi- 

nal hemorrhage  and aspiration pneumonia .  Pneumope-  

r i toneum has also been  repor ted  when  endoscopy  clo- 

sely follows EUS-FNA, due to intestinal insuflation [6]. 

It is wor th  emphasizing that when  pe r fo rmed  by an ex- 

per ienced  endosonographer ,  EUS is a safe procedure.  

References 

[1] Fournet J, Dhumeaux D. L'endoscopie. In: Masson (ed). The 

Livre Blanc de l'Hepato-gastroenterologie. Paris, France, 

2001: 155-157. 
[2] Barthet M, Lasaure N, Desjeux A, et al. Complications of 

endoscopic sphincterotomy: results from a single tertiary 
referral center. Endoscopy 2002; 34:991-997. 

[3] Niwa K, Hirooka Y, Itoh A, et al. Preliminary study of en- 
doscopic ultrasonography with electronic radial scanning 

echoendoscope. J Gastroenterol Hepatol 2003; 18:828-835. 
[4] R6esch T. Endoscopic ultrasonography: equipment and te- 

chnique. Gastrointest Endosc Clin North Am 2005; 15:13- 

31. 
[5] Das A, Isenberg G, Wong RC, et al. Wire-guided intraductal 

US: an adjunt to ERCP in the management of bile duct sto- 

nes. Gastrointest Endosc 2001; 54:31-36. 

[6] Norton ID, Jones DB. Endoscopic ultrasound: diagnostic 

and therapeutic applications. Intern Med J 2003; 33:26-32. 

[7] Giovannini M. Endoscopic ultrasonography with a curved 

array transducer: Normal echoanatomy of the retroperito- 

neum. Gastrointest Endosc Clin North Am 1995; 5:523-528. 
[8] R6sch T, Classen M. Endoscopic ultrasonography of the 

retroperitoneal organs. In: Sivak M (ed): Gastroenterologic 

Endoscopy. 2nd ed., Philadelphia, WB Saunders Co, 2000; 

1183-1197. 

[9] Palazzo L, Girollet PP, Salmeron M, et al. Value of endosco- 

pic ultrasonography in the diagnosis of common bile duct 

stones; comparison with surgical exploration and ERCP. 

Gastrointest Endosc 1995; 42:225-231. 

[10] Prat F, Amougal G, Amoyal P, et al. Prospective controlled 

study of endoscopic ultrasonography and endoscopic re- 

trograde cholangiography in patients with suspected com- 

mon-bile duct lithiasis. Lancet 1996; 347:75-79. 

[11] Pasanen A, Partanen K, Pikkarainen PH, et al. A compari- 

son of ultrasound, computed tomography and endoscopic 

retrograde cholangiopancreatography in the differential diag- 
nosis of benign and malignant jaundice and cholestasis. Eur 

J Surg 1993; 159:23-29. 
[12] Pedersen ON, Nordgard K, Kvinnsland S. Value of sonogra- 

phy in obstructive jaundice. Limitations of bile duct caliber 

as an index of obstruction. Scand J Gastroenterol 1987; 22: 

975-981. 
[13] Lee JH, Salem R, Aslanian H, Chacho M, Topazian M. Endo- 

scopic ultrasound and fine-needle aspiration of unexplai- 

ned bile duct strictures. Am J Gastroenterol 2004; 30:1069- 

1073. 
[14] Fusaroli P, Caletti G. Present and future of endoscopic ul- 

trasonography. Digestive and Liver Disease 2005; 37:142- 

152. 

[15] Amouyal P, Amouyal G, Levy P, et al. Diagnosis of chole- 

docholithiasis by endoscopic ultrasonography. Gastroente- 

rology 1994; 106: 1061-1067. 

[16] Aubertin JM, Levoir D, Bouillot JL, et al. Endoscopic ultra- 
sonography immediately prior to laparoscopic cholecyste- 

ctomy: a prospective evaluation. Endoscopy 1996; 28: 667- 

673. 
[17] Sugiyama M, Atomi Y. Endoscopic ultrasonography for 

diagnosing choledocholithiasis: a prospective comparative 
study with ultrasonography and computed tomography. 
Gastrointest Endosc 1997; 45: 143-146. 

[18] Canto MI, Chak A, Stellato T, Sivak MV Jr. Endoscopic ul- 
trasonography versus cholangiography for the diagnosis of 
choledocholithiasis. Gastrointest Endosc 1998; 47:439-448. 

[19] Montariol T, Msika S, Charlier A, et al. Diagnosis of asym- 
ptomatic common bile duct stones: preoperative endosco- 
pic ultrasonography versus intraoperative cholangiography: 

a multicenter prospective controlled study. Surgery 1998; 

124:6-13. 
[20] Chak A, Hawes RH, Cooper GS, et al. Prospective assess- 

ment of the utility of EUS in the evaluation of gallstone 

pancreatitis. Gastrointest Endosc 1999; 49:599-604. 
[21] De Ledinghen V, Lecesne R, Raymond JM, et al. Diagnosis 

of choledocholithiasis: EUS or magnetic resonance cholan- 
giography? A prospective controlled study. Gastrointest 

Endosc 1999; 49:26-31. 
[22] Napoleon B, Dumortier J, Keriven-Souquet O, et al. Do 

normal findings at biliary endoscopic ultrasonography ob- 



Kon, Goumas, A. Poulou 117 

viate the need for endoscopic retrograde cholangiography 

in patients with suspicion of common bile duct stone? A 

prospective follow-up study of 238 patients. Endoscopy 

2003; 35:411-415. 

[23] Kohut M, Nowak A, Nowakowska-Dulawa E, et al. Endoso- 

nography with linear array instead of endoscopic retrogra- 

de cholangiography as the diagnostic tool in patients with 

moderate suspicion of common bile duct stones. World J 

Gastroenterol 2003; 9:612-614. 

[24] Buscarini E, Tansini P, Vallisa D, et al. EUS for suspected 

choledocholithiasis; do benefits outweigh costs? A prospe- 

ctive, controlled study. Gastrointest Endosc 2003; 57:510- 

518. 

[25] Liu CL, Lo CM, Chan JK, et al. Detection of choledocholi- 

thiasis by EUS in acute pancreatitis: a prospective evalua- 

tion in 100 consecutive patients. Gastrointest Endosc 2001; 

54:325-330. 

[26] Lachter J, Rubin A, Shiller M, et al. Linear EUS for bile duct 

stones. Gastrointest Endosc 2000; 51:51-54. 

[27] Scheiman JM, Carlos RC, Barnett JL, et al. Can endoscopic 

ultrasound or magnetic resonance cholangiopancreatogra- 

phy replace ERCP in patients with suspected biliary disea- 

se? A prospective trial and cost analysis. Am J Gastroente- 

rol 2001;96:2900-2904. 

[28] Burtin P.Cout-efficacite de differentes strategies diagnosti- 

ques et therapeutiques dans la lithiase de la voie biliaire 

principale. Gastroenterol Clin Biol 1998; 22:B30-B38. 

[29] Ainsworth AP, Rafaelsen SR, Wamberg PA, Durup J, pless 

TK, Mortensen MP. Is there a difference in diagnostic accu- 

racy and clinical impact between endoscopic ultrasonogra- 

phy and magnetic resonance cholangiopancreatography? 

Endoscopy 2003; 35:1029-1032. 

[30] NIH state-of-the-science statement on endoscopic retrogra- 

de cholangiopancratography (ERCP) for diagnosis and the- 

rapy. NIH Consens State Sci Statements 2002; 19:1-26. 

[31] Fritscher-Ravens A, Broermg DC, Knoefel WT, et al. EUS- 
guided fine-needle aspiration of suspected hilar cholangio- 

carcinoma in potentially operable patients with negative 

brush cytology. Am J Gaslroenlerol 2004; 99:45-51. 
[32] Meroni E, Bisagni P, Bona S, et 1. Pre-operative endoscopic 

ultrasonography can optimize the management of patients 

undergoing laparoscopic cholecystectomy with abnormal 

liver function tests as the sole risk factor for choledocho- 

lithiasis: a prospective study. Dig Liver Dis 2004; 36:73-77. 

[33] Eloubeidi MA, Clien VK, Jhala NC, et al. Endoscopic ultra- 

sound-guided fine needle aspiration biopsy of suspected 

cholangiocarcinoma. Clin Gastroenterol Hepatol 2004; 99: 

1069-1073. 

[34] Byme MF, Gerke H, Mitchell RM, et al. Yield of endoscopic 

ultrasound-guided fine-needle aspiration of bile duct le- 

sions. Endoscopy 2004; 36:715-719. 

[35] R6sch T, Meining A, Fruhmorgen S, el al. A prospective 

comparison of the diagnostic accuracy of ERCP, MRCP, CT, 

and EUS in biliary strictures. Gastrointest Endosc 2002; 55: 

870-876. 
[36] Tamada K, Kanai N, Tomiyama T el al. Prediction of the hi- 

stologic type of bile duct cancer by using intraductal ultra- 

sonography. Abdom Imaging 1999; 24:484-490. 

[37] Domagk D, Wessling J, Reimer P, el al. Endoscopic retro- 

grade cholangiopancreatography, intraductal ultrasonogra- 

phy, and magnetic resonance cholangiopancreatography in 

bile duct strictures: a prospective comparison of imaging 

diagnostics with histopathological correlation. Am J Ga- 

stroenterol 2004; 99:1684-1689. 

[38] Kahaleli M, Yoshida c, Kane L, Yeaton P. Interventional EUS 

cholangiography: a report of five cases. Gastrointest Endosc 

2004; 60:138-142. 

[39] Erickson RA, Gazza AA. EUS with EUS-guided fine-needle 

aspiration as the first endoscopic test for the evaluation of 

obstructive jaundice. Gastrointest Endosc 2001; 53:475-484. 

[40] Wiersema MJ, Vilmann P, Giovannini M, et al. Endosono- 

graphy-guided fine-needle aspiration biopsy: diagnostic ac- 

curacy and complication assessment. Gastroenterology 1997; 

112:1087-1095. 

[41] Giovannini M, Dotti M, Bories E, et al. Hepaticogastrosto- 

my by echo-endoscopy as a palliative treatment in a patient 

with metastatic biliary obstruction. Endoscopy 2003; 33: 

1070-1075. 

[42] R6sch T, Braig C, Gain T, et al. Staging of pancreatic and 

ampullary carcinoma by endoscopic ultrasonography. 

Comparison with conventional sonography, computed to- 

mography and angiography. Gastroenterology 1992; 102: 

188-199. 

[43] Fugino MA, Morozumi A, Ikeda M, et al. Diagnosis of carci- 

noma of the major duodenal papilla by endoscopic ultraso- 

nography [Abstract]. Gastroenterology 1991; 100:316. 

[44] Mitake M, Nakazawa S, Tsukamoto Y, et al. Endoscopic ul- 

trasonography in the diagnosis of depth invasion and lymph 
node metastasis of carcinoma of the papilla of Vater. J Ul- 

trasound Med 1990; 9:645-650. 
[45] Skordilis P, Mouzas IA, Dimoulios PD, et al. Is endosono- 

graphy an effective method for detection and local staging 

of the ampullary carcinoma? A prospective study. BMC 

Surg 2002; 2:1-8. 

[46] R6sch T, Dittler HJ, Lorenz R, et al. The role of endoscopic 

ultrasonography in the diagnosis and staging of tumors of 

the papilla of Vater [Abstract]. J Gastrointest Endosc 1992; 

38:259. 

[47] Palazzo L. Staging of pancreatic carcinoma by endoscopic 

ultrasonography. Gastroenterology 1992; 102:188-199. 

[48] Midwinter MJ, Beveridge CJ, Wilsdon JB, et al. Correlation 

between spiral computed tomography, endoscopic ultraso- 

nography and findings at operation in pancreatic and am- 

pullary tumors. Br J Surg 1999; 86:189-193. 



118 Chapter 8: Endoscopic Ultrasonography on Gallbladder and Biliary Tract 

[49] Cannon ME, Carpenter SL, Ella GH, et al. EUS compared 

with CT, magnetic resonance imaging, and angiography 

and the influence of biliary stenting on staging accuracy of 

ampullary neoplasms. Gastroiniest Endosc 1999; 50:27-33. 

[50] Shoup M, Hodul P, Aranha GV, et al. Defining a role for en- 

doscopic ultrasound in staging periampullary tumors. Am J 

Surg 2000; 179: 453-456. 

[51] Schwarz M. Pauls S, Sokiranski R. et al. Is a preoperative 

multidiagnostic approach to predict surgical resectability of 

periampullary tumors still effective? Am J Surg 2001; 182: 

243-249. 
[52] Chen CH, Tseng LJ, Yang CC, Yeh YH. Preoperative eva- 

luation of periampullary tumors by endoscopic sonogra- 

phy, transabdominal sonography and computed tomogra- 

phy. J Clin Ultrasound 2001;29: 13-21. 

[53] Rivadeneira DE, Pochapin M, Grobmyer SR, et al. Compari- 

son of linear array endoscopic ultrasound and helical com- 

puted tomography for the staging of periampullary malig- 

nancies. Ann Surg Oncol 2003; 10:890-896. 

[54] Maluf-Filho F, Sakai P, Cunha JE, et al. Radial endoscopic 

ultrasound and spiral computed tomography in the diagno- 

sis and staging of periampullary tumors. Pancreatology 2004; 

4:122-128. 

[55] R6sch T, Schsdaziorre V, Born P, et al. Modern imaging 

methods versus clinical assessment in the evaluation of 

hospital inpatients with suspected pancreatic disease. Am J 

Gastroenterol 2000; 95: 2261-2270. 

[56] Ahmad NA, Lewis JD, Ginsberg GG, et al. EUS in preopera- 
tive staging of pancreatic cancer. Gostrointest Endosc 2000; 

52:163-168. 

[57] R6sch T, Dittler HJ, Strobel K, et al. Endoscopic ultrasound 

criteria for vascular invasion in the staging of cancer of the 

head of the pancreas: a blind reevaluation of videotapes. 

Gastrointest Endosc 2000; 52:469-477. 

[58] R6sch T. Endoscopic ultrasonography: imaging and beyond. 

Gut 2003; 52:1220-1226. 

[59] R6sch T, Dennig V. A prospective assessment of complica- 

tions and patient acceptance of upper gastrointestinal en- 

doscopic ultrasonography: a multicenter study in 2,500 pa- 

tients [abstract]. Gastrointest Endosc 2000; 51:177. 

[60] R6sch T, Dittler HJ, Fockens P, Vasuda K, Lightdale CJ. Ma- 

jor complications of endoscopic ultrsaonography: Results 

of a survey of 42,105 cases. Gastrointest Endosc 1993; 39: 

A341. 

[61] Raut CP, Grau AM, Staerkel GA, et al. Diagnostic accuracy 

of endoscopic ultrasound-guided fine-needle aspiration in 

patients with presumed pancreatic cancer. J Gastrointest 

Surg 2003; 7:118-126. 
[62] Das A, Sivak MV Jr, Chak A. Cervical esophageal perfora- 

tion during EUS: a National survey. Gastrointest Endosc 2001; 

53:599-602. 



SECTION 2 

Chapter 9: Hepatobiliary Disease and Anaesthesia 

Chapter 10: Congenital Malformations in the Extrahepatic biliary Tree in Children Biliary Atresia 

Chapter 11: Choledochal Cysts of the Biliary Tree in Children 

Chapter 12: Gallstone Disease 

Chapter 13: Complications in the Performance of Laparoscopic Cholecystectomy. What Can Go Wrong? 
How Do Complications Have to Be Managed? 

Chapter 14: Iatrogenic Injury of the Extrahepatic Bile Ducts. Surgical Reconstruction 

Chapter 15: Principles of the Surgical Management of the Common Bile Duct Stones 

Chapter 16: Laparoscopic Common Bile Duct Exploration 

Chapter 17: Endoscopic Management of Common Bile Duct Stones 

Chapter 18: Current Changes in Biliary Reoperations 

Chapter 19: Other Benign Biliary Diseases and Lesions 

Chapter 20: Cholangitis 

Chapter 21 : Cancer of the Extrahepatic Biliary Tract 

Chapter 22: Operations of the Biliary Tract. Tecnical Aspects 



H E PATO B I LIARY DIS EAS E 
AN D ANAE STH E S IA 

P. Georgakis, L. Rizzotti, I. Katsouli-Liapis 

9.1. Introduct ion 

The term hepatobiliary disease refers to acute or chro- 

nic disorders of the hepatic cells and/or the biliary tract. 

In this chapter are firstly described the clinical forms of 

the hepatobiliary disease and, secondly, the pathophysio- 

logic mechanisms that are responsible for hepatic cell 

damage. Since surgery in patients with pre-existing se- 

vere hepatobilary disease is associated with significant 

morbidity and mortality rates, the anaesthesiologist 

should be able to diagnose and evaluate hepatic dys- 

function during the perioperative period. Even with 

careful attention to history and symptoms, some cases 

of liver disease can be misdiagnosed. However, in most 

cases the cause of misdiagnosis results from failure to 

ask simple questions or to look for obvious findings on 

physical examination. Laboratory investigation of the 
hepatobiliary disease lacks in specificity in defining a 

certain liver disease. Instead of this, laboratory testing 

of liver function helps to differentiate the diagnosis 

among hepatocellular injury, impaired hepatocellular 
synthetic function and cholestasis. To this aim, clinical 
and laboratory investigation of the hepatobiliary disea- 
se is crucial for the anaesthesiologist. Anaesthesia for 
hepatobiliary surgery requires special considerations, 
concerning the assessment of risk factors that predis- 
pose to post-operative liver dysfunction, the effects of 
anaesthetic drugs and techniques on hepatic blood flow 

and liver function, the effects of hepatic dysfunction 

on metabolism and pharmacokinetics of drugs used in 

anaesthesia and the perioperative management of pa- 

tients with distinct forms of hepatobiliary disease. Em- 

phasis is placed on the prevention and treatment of se- 

rious complications that accompany the advanced he- 

patobiliary disease. Finally, anaesthetic considerations 

for hepatic resection procedures are presented. How- 

ever, anaesthesia for liver transplantation is also omit- 

ted because it is beyond the scope of this chapter. 

9.2. Clinical Forms of Hepatobi l iary  Disease 

Clinical forms of hepatobiliary disease are acute or 

chronic hepatitis, which affects the hepatic parenchy- 

ma and cholestatic disease (cholestasis). The final re- 

sult of these two different forms of hepatobiliary disea- 

se is just the same: both of them can cause hepatocel- 

lular injury. 

Any disease of the hepatic parenchyma [1, 2, 3] acu- 

te or chronic, regardless of its exact cause, is responsi- 

ble for progressive changes in histologic structure and 

function of liver anatomic units, which lead to hepatic 
cells injury or destruction and, consequently, to clini- 

cally detectable deterioration of liver's functions. Ad- 

vanced disease of the hepatic parenchyma usually in- 

cludes some elements of cholestatic disease. Fulminant 
hepatic failure, a process that results from massive ne- 
crosis of hepatic cells, is presented in a number of pa- 
tients with acute injury of the hepatic parenchyma [4]. 

Common causes of acute hepatocellular injury are 
viral and bacterial infections, toxicity from drugs and 
toxins, alcoholism and drug induced immune reactions. 

Chronic viral hepatitis B or C and alcoholism are 

the most common causes of chronic hepatocellular in- 

jury. Cirrhosis and portal hypertension are the end-sta- 

ge of chronic liver disease [4, 5, 6, 7]. Other possible 

causes of cirrhosis, except for chronic hepatitis and al- 

coholism, are hemochromatosis, Wilson's disease, pri- 

mary and idiopathic biliary cirrhosis. Cirrhosis is cha- 

racterized by the distortion of normal anatomy of the 
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liver. As hepatic cells die, connective and fibrous tissue 
formation occurs, while areas of regenerating normal 
liver tissue (nodules) are produced. Hepatic cells are 
encircled by fibrous tissue, and, as cirrhosis evolves, 
blood flow resistance through the portal system increa- 
ses and portal hypertension becomes clinically appa- 
rent. The clinical signs of cirrhosis and portal hyper- 

tension are anorexia, nausea and vomiting, weakness, 
jaundice, ascites, splenomegaly, esophageal varices, re- 

nal dysfunction due to hepatorenal syndrome [8], com- 

promised pulmonary function (hepatopulmonary syn- 

drome) [9] and hepatic encephalopathy [10]. Conse- 
quently, cirrhosis and portal hypertension derange the 
physiologic function of many vital organs and systems, 
since they are accompanied by cardiovascular, respira- 
tory and renal dysfunction, encephalopathy or even 
coma, anemia, coagulation disorders, activation of se- 
condary fibrinolysis and endocrine abnormalities. Por- 

tal hypertension is often complicated by rupture of 
esophageal varices and severe gastrointestinal bleeding. 

Cholestatic disease is initially presented as a pro- 
gressive disturbance of biliary drainage [11, 12]. Cho- 

lestasis can be either intra-hepatic (acquired or inhe- 

rited) or extra-hepatic, due to mechanical obstruction 
to bile drainage. As cholestatic disease progresses, 
both, conjugated and non-conjugated, bilirubin levels 
are increased. Hepatic cells are injured, since the non- 
conjugated bilirubin disrupts their energy production 
pathways and causes membrane dysfunction. Cholesta- 
sis affects not only the pharmacokinetics of certain drugs 
that are excreted by the liver, but it is also responsible 
for cardiovascular and renal dysfunction and coagula- 
tion disorders. 

9.3. Pathophysiologic Mechanisms 
of Hepatocellular Injury 

Hepatic cells are extremely sensitive to hypoxia. The- 
refore, in all forms of hepatobiliary disease the main 

underlying pathophysiologic mechanism of hepatocel- 

lular injury [13] is the disturbance of the balance bet- 
ween oxygen delivery to hepatic cells and oxygen con- 

sumption by them. 
There are four different ways that lead to hepato- 

cellular injury in patients with hepatobiliary disease. 
Two of them cause death of the hepatic cells directly, 

through the processes of necrosis and apoptosis. Ische- 

mia-reperfusion injury [14] and disturbance of hepatic 
defensive systems to oxidative stress are the remaining 
two ways that can lead to death of hepatic cells indire- 
ctly, through a generalized inflammatory process. 

Each distinct clinical form of hepatobiliary disease 
can lead to hepatocellular injury or death by one or 
more of the ways mentioned above. This topic is to be 
discussed later in this section. 

Prolonged and excessive splachnic hypoxia or ano- 

xia is usually the result of circulatory shock or arrest. In 

this circulatory derangement, oxygen delivery to all tis- 

sues and, of course, to the liver is severely compromi- 
sed. Deprivation of hepatic cells from oxygen causes 
abrupt failure of energy dependent ion pumps, loss of 
cellular membranes integrity and, finally, swelling and 
rupture of hepatic cells. Breakdown pro-inflammatory 
products, such as leukotrienes, platelet activating fa- 
ctor, eicosanoids, lipid peroxides and aldehydes, as well 

as intracellular enzymes, are released into the surroun- 

ding tissues and into the circulation. Some of these 
substances activate circulating neutrophils, triggering a 
generalized inflammatory response that further dete- 

riorates hepatic necrosis. 

Other factors, such as viruses, toxins and immune 
reactions [15, 16] trigger apoptosis of hepatic cells. Un- 
der normal conditions, this process is normal and se- 
cures the death of older cells throughout the body. 
Apoptosis of hepatic cells [17] is triggered by activa- 
tion of tumor necrosis factor TNF receptors. As a re- 
suit, before death, hepatic cells and their nuclei shrink, 
while several intracellular organelles are encapsulated 
and broken by lysosomes. Since during apoptosis in- 
tracellular organelles remain intact, this process does 
not trigger a generalized inflammatory reaction. 

Following brief periods of hepatic ischemia, reper- 
fusion stimulates hepatic cells, as well as Kuppfer cells 
and macrophages of the liver, to produce highly reacti- 
ve oxidants, such as hydroxyl radicals, superoxide and 
hydrogen peroxide [18]. These oxidants can lead to 
necrosis or trigger apoptosis and are implicated in the 

ischemia-reperfusion injury of hepatic cells. During 

ischemia, transformation of xanthine dehydrogenase 
to xanthine oxidase is, probably, the special pathophy- 
siologic mechanism that triggers ischemia-reperfusion 
injury of hepatic cells. Xanthine oxidase generates hi- 
ghly reactive oxidants, which stimulate the production 
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and release of leukotrienes and a platelet activating fa- 
ctor. These substances activate circulating neutrophils 
and platelets, causing the destruction of the microcir- 

culation's integrity and a systemic inflammatory rea- 

ction is initiated. Both, damaged hepatic microcircula- 

tion and systemic inflammatory reaction, further dete- 

riorate hepatic cell injury or necrosis. The role of xan- 

thine oxidase, except for ischemia-reperfusion hepato- 

cellular injury, is also valid in patients with acute hepa- 

titis or cholestatic disease and transplanted liver. 
Under normal or hypoxic conditions, at the level of 

mitochondria of hepatic cells, free, highly reactive ra- 
dicals of oxygen (hydroxyl radicals, superoxide, hy- 

drogen peroxide) are produced. Moreover, activated 

cells of the liver (Kuppfer cells, endothelial cells, neu- 
trophils, macrophages) favor the production of oxygen 

and nitro radicals. Accumulation of these free radicals 

in the mitochondria poses hepatic cells to severe oxi- 

dative stress. The liver has several antioxidant defensi- 

ve systems (vitamin E, vitamin C, ferritin, glutathione), 
but the most important antioxidant system is that of 
glutathione. Glutathione is synthesized by the hepatic 

cells and is actively taken up by their mitochondria, to 
inactivate accumulated free radicals. In adverse condi- 

tions, such as in ischemia and reperfusion, malnutri- 

tion and chronic alcohol intake, levels of glutathione in 

the hepatic cells are decreased. Low glutathione levels 

make hepatic cells very susceptible to oxidative stress. 

Treatment of patients in oxidative stress with N-acetyl- 
cysteine, a thiol rich substance, helps to restore gluta- 
thione synthesis and protects hepatic cells against oxi- 
dant injury. 

Viral and bacterial infections can cause acute hepa- 
tocellular injury. Hepatotropic viruses and endotoxins 
released by Gram-negative bacteria, activate Kuppfer 
cells and macrophages of the liver to produce media- 
tors that induce a generalized inflammatory reaction 
and hepatic cell damage. 

Several drugs and exogenous toxins can induce he- 
patocellular injury by different mechanisms. For exam- 

ple, metabolism of imidazole antibiotics, nitrofuran- 

toin analogues or cocaine leads to a toxic free radicals 
formation. Other drugs, such as acetaminophen [19], 
can cause acute liver damage because they reduce the 
stores of glutathione, the major antioxidant system of 

hepatic cells. Reye's syndrome following administra- 

tion of aspirin, tetracycline or valproic acid can be at- 

tributed to increased oxidative stress, which leads to 
interruption of mitochondrial function, and to trigge- 
red apoptosis of hepatic cells. 

Hepatic injury caused by alcohol abuse, either sub- 

clinical (fatty liver) or with severe clinical manifesta- 

tions (alcoholic hepatitis or cirrhosis), can be interpre- 

ted by several pathophysiologic mechanisms. Even if 

there is genetic predisposition to the alcoholic liver di- 

sease, increased oxygen consumption by the liver, pro- 

duction of free radicals, disturbance of hepatic defensi- 
ve antioxidant systems and acetaldehyde induced liver 
damage, piay a role in the manifestation of hepatocel- 
lular injury. Acetaldehyde is a product of ethanol oxi- 

dative metabolism. Acetaldehyde reduces glutathione 

levels, binds and inactivates intracellular proteins, sti- 

mulates the production of pro-inflammatory molecules 

and favors collagen production and fibrosis genera- 

tion. 

Halothane hepatitis is the main example of drug-in- 

duced immune reactions that destroy the liver [20, 21]. 
The development of this immune reaction revolves ge- 
netic predisposition. Hepatitis, after exposure to halo- 

thane for the first time, has a delayed onset. After re- 

peated exposures to the same agent, hepatitis onset is 
hastened. The underlying mechanism is formation of 

antibodies against the trifluoroacetylated products of 

the halogenated anaesthetics hepatic metabolism. The- 

se antibodies are toxic against vital organelles of hepa- 

tic cells. 

9.4. Anaesthesia for Hepatobi l iary Disease 

Anaesthesia and surgery in patients with liver disease 
may cause mild to severe deterioration of hepatic fun- 
ction post-operatively [22, 23]. Mortality, even follo- 
wing simple surgical procedures, can be high, especial- 
ly when liver disease is misdiagnosed, either is acute or 
acutely deteriorated. For these reasons, the goals of pe- 
rioperative care of patients with hepatobiliary disease 

must be: firstly, to diagnose pre-existing liver disease 

to anaesthesia and surgery, by using all the available 

diagnostic tools (history, physical examination and la- 
boratory tests) secondly, to identify the exact cause 

and the extent of the underlying liver disease preope- 

ratively, thirdly, to optimize liver function prior to sur- 

gery and lastly, to avoid any factor that is known to 
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deteriorate hepatic function throughout the periopera- 

five period. Acute hepatocellular injury is the most im- 

portant form of liver disease to be diagnosed preope- 

ratively because it is the most frequently missed diag- 

nosis and the most likely to be accompanied by high 

rates of post-operative morbidity and mortality. 

The liver has eight functionally independent seg- 

ments. This anatomic structure of the liver facilitates 

hepatobiliary surgery. However, certain surgical proce- 

dures increase the risk of post-operative liver dysfun- 

ction. Except for the surgery itself, anaesthetic drugs 

and techniques have adverse effects on liver blood flow 

and hepatic function and may predispose to post-ope- 

rative complications after hepatobiliary surgery, espe- 

cially in patients with pre-existing liver disease. On the 

other hand, pre-existing hepatobiliary disease has its 

own effects on pharmacokinetics of certain drugs used 

in anaesthesia. 

Preoperative functional liver reserve [24] is of great 

importance for the anaesthesiologist, since it defines 

the risk factors for post-operative hepatobiliary compli- 

cations, even after non-hepatic surgery [25]. Moreover, 

when treating patients with pre-existing liver disease, it 

should be kept in mind that inadequacy of oxygen sup- 

ply to the liver is simply the most important threate- 

ning condition to hepatic function during the periope- 

rative period. 
In this section, apart from the risk factors for post- 

operative liver dysfunction, the effects of anaesthetic 
drugs and techniques on hepatic blood flow and liver 
function, the effects of hepatobiliary disease on meta- 
bolism and pharmacokinetics of drugs used in anaesthe- 

sia, the perioperative management of patients with a- 

symptomatic, chronic, acute and severe hepatobiliary 

disease as well as cirrhosis will be presented. 

9.4.1. Risk Factors for Post-Operative Liver 
Dysfunction 

Known and proven risk factors for liver dysfunction 

after hepatic or non hepatic surgery [26] are acute and 

chronic hepatitis, cirrhosis [27] and certain types of 

surgical procedures, such as hepatic resection and sur- 

gery on the biliary tract, colon and stomach [28]. Car- 
diac surgery, especially under cardiopulrnonary bypass 

(CPB), and possibly thoracic and vascular surgery are risk 

factors for post-operative liver dysfunction in patients 

with severe pre-existing liver disease [29]. Volatile and 

intravenous anaesthetics, as well as spinal and epidural 

anaesthesia, influence hepatic blood flow and liver fun- 

ction. 

All the existing data from previous retrospective 

clinical studies point out that there is a great risk (ap- 

proximately 10%) for the development of acute hepa- 
tic failure, even death, after elective surgery in patients 
with acute hepatitis, regardless of its exact cause (viral, 

alcoholic, drug, toxin or immune induced). For this rea- 

son, any elective surgical procedure in patients with 

acute hepatitis should be postponed until hepatic fun- 
ction has been restored to normal. When an urgent the- 

rapeutic intervention is required in a patient with acute 

hepatitis, such as liver biopsy or biliary tract obstruction, 

a minimally invasive interventional technique should be 

chosen instead of open surgery, if this option is feasi- 
ble. 

In patients with chronic hepatitis the risk of post- 

operative deterioration of liver function is proportio- 

nal to the severity and the extent of preoperative he- 
patic dysfunction. This means that in any patient with 

chronic hepatitis a full laboratory testing for the precise 

estimation of hepatic function should proceed before 

an elective surgery. It is recommended elective surge- 

ry to be postponed if the results of these tests indicate 
severe hepatocellular injury. The most sensitive scree- 
ning tests for the designation of the severity of hepatic 
cells dysfunction are PT prolongation, INR [30], albu- 
min and bilirubin levels. When an elective or an urgent 
surgery cannot be avoided, care should be taken that 
there is not to a deterioration of the already impaired 
hepatic function during the perioperative period. 

Cirrhosis is a known, major risk factor for increa- 
sed post-operative morbidity and mortality in patients 
undergoing major surgery [31]. Patients with cirrhosis 
are classically classified into three risk categories, A, B 

and C, according to Child and Pugh criteria. These cri- 

teria are currently used in order to predict perioperati- 

ve risk for liver dysfunction in cirrhotic patients under- 

going abdominal surgery [32]. 
Data from older retrospective clinical studies indi- 

cate that overall mortality rates after biliary tract surge- 

ry or other major abdominal procedures in cirrhotic 
patients of Child and Pugh classes A, B and C were 

about 10%, 30% and 75-80% respectively [33]. More- 
over, perioperative mortality was found to be six fold 
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greater in urgent, compared to elective surgery. Conside- 

ring other surgical procedures, besides major abdomi- 

nal and hepatobiliary surgery, the overall perioperative 

mortality rate in cirrhotic patients was 11.5%. This 
mortality rate was not relevant to the anaesthetic te- 

chnique, which had been used (general, regional or lo- 

cal). Also, in any case, mortality was 10-35 times grea- 

ter in patients Child and Pugh class C compared to 

mortality of otherwise normal surgical patients. Accor- 

ding to the existing data and despite the lack of well- 

designed prospective clinical studies, it is advised that 

elective surgery is contraindicated in Child and Pugh 

class C patients. Exceptions to this rule are portocaval 

or other types of portosystemic shunting procedures, 

which are performed in order to decompress severe 

portal hypertension and ascites. Minimal invasive te- 

chniques are preferred to open surgery in patients with 
cirrhosis, when this option is possible. 

A variety of major abdominal procedures are consi- 

dered as important risk factors for post-operative liver 

dysfunction. This complication can be attributed to a 

common feature of all major abdominal procedures, 

that are accompanied by a considerable reduction of 

hepatic blood flow of both hepatic arterial and portal 

circulation. Reduction of total hepatic blood flow du- 

ring all major abdominal surgery can be attributed to 

surgical manipulations in the region of the upper ab- 

domen, intraoperative systemic hypotension or dila- 

tion of the capacitance vessels of the splachnic circu- 
lation. 

Cardiac surgery, especially when performed under 

cardiopulmonary bypass exposes hepatic cells to risk 

of hypoxia and predisposes the patients with pre-exi- 
sting hepatic disease to deterioration of liver function 
[34, 35]. This can be attributed to a significant decrease 
of total hepatic blood flow due to systemic hypoten- 
sion, microembolisms of the hepatic microcirculation 
or low cardiac output, accompanied by liver hypoper- 
fusion [36]. 

Thoracic and vascular procedures are considered as 

independent risk factors for post-operative deteriora- 

tion of liver function in patients with cirrhosis, but this 
aspect has still to be proven. 

In asymptomatic patients undergoing surgical ope- 

rations, slight elevations of commonly ordered bioche- 

mical tests of liver function (AST, ALT and ALP) is not 

considered as a risk factor for post-operative hepatic 

dysfunction. These patients, usually, do not need any 

further laboratory investigation prior to anaesthesia 

and surgery. Of course, asymptomatic patients with 

greater increase of the above mentioned liver tests 

(double or even greater increase compared to normal 

values), need more thorough clinical and laboratory 

evaluation before surgery. This is recommended be- 

cause these patients may suffer from either subclinical, 

viral or drug induced acute hepatitis, or from chronic 

hepatitis. In asymptomatic patients with significant ele- 

vation of AST, ALT and ALP levels, the diagnosis of on- 

going acute hepatitis or exacerbating chronic hepatitis 

should be precluded prior to an elective surgical pro- 

cedure. As it was stated elsewhere, AST, ALT and ALP 

are not special tests for liver disease, because these en- 

zymes are found in many other tissues and organs, ex- 

cept for the liver. For this reason, more specific tests 

are indicated in this group of patients, such as gamma 

glutamyl-transpeptidase y-GT, prothrombin time PT, 

INR, serum albumin, bilirubin and, of course, specific 

serologic tests for the diagnosis of viral infections or 

hepatic tumors. 

9.4.2. Effects of Anaesthetic Drugs 
and Techniques on Hepatic Blood Flow 
and Liver Function 

Inhaled anaesthetics are metabolized by the liver, each 

one to a different extent. Their metabolism can lead to 

the formation of reactive and potentially toxic products 

for the liver and kidneys. According to the principles 

of pharmacokinetics, metabolism of any drug is affe- 

cted by age, concurrent diseases, interaction between 
drugs, environmental and genetic factors. Inhaled agents 

undergo oxidation, reduction, hydrolysis and conjuga- 

tion in the hepatic cells. Oxidative metabolism of the 
inhaled anaesthetics through the phase I reactions is 

catalyzed by the cytochrome P450 enzymatic system 

[37] and is responsible for the formation of their major 

metabolite, the trifluoroacetic acid (CF3COOH). Chlo- 

ride (C1-), bromide (Br-) and fluoride (F-) anions are 

produced in lesser quantities by oxidative and reducti- 

ve metabolism of the inhaled anaesthetics. Trifluoro- 

acetic acid is converted to trifluoroacetyl chloride. This 

molecule reacts with components of liver cells mem- 

brane to produce hepatotoxic trifluoroacetylated pro- 
tein adducts. 
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As it was mentioned earlier, each one of the inha- 

led anaesthetics is metabolized to a different extent. 

For example, 20% of the absorbed halothane is meta- 

bolized, whilst only 2.5%, 0.2% and 0.02% of the ab- 

sorbed enflurane, isoflurane and desflurane is metabo- 

lized, respectively. Sevoflurane metabolism does not 

lead to the production of trifluoroacetylated protein 

adducts, so sevoflurane is not considered as a hepato- 

toxic agent [38]. The possibility for direct or indirect 

(immune mediated) liver toxicity from inhaled anae- 

sthetic agents to occur is proportional to the extent of 

hepatic metabolism of these agents. 

Halothane induced liver toxicity may be either mild 

or fulminant and severe. Mild liver dysfunction occurs 

in about 20% of the adult population to whom halothane 

was administered and is manifested by a slight increa- 

se of AST and ALT levels. This kind of liver dysfun- 

ction is shelf terminated and is generally benign. 

The fulminant form of halothane induced liver dys- 

function is called halothane hepatitis. The incidence of 

halothane-induced hepatitis is approximately one case 

out of ten thousand anaesthetics in adults and one case 

out of 200,000 anaesthetics in children. The diagnosis 

of halothane hepatitis is definitive only when all the 

other possible causes of fulminate hepatic injury have 

been excluded. Halothane hepatitis is mainly immune 

mediated, is more likely to occur after multiple expo- 

sures to this anaesthetic agent, is characterized by a 

dramatic increase of all hepatic enzymes that are indi- 

cative of hepatocellular necrosis and has a mortality ra- 
te of over 50%. For this reason, halothane is no longer 

used in adults' anaesthesia, but it is still used in paedia- 

tric anaesthesia. 
The end product of enflurane, isoflurane and des- 

flurane metabolism is also trifuoroacetylated protein 

adducts [39]. For this reason, the use of these agents 

may cause liver toxicity by (an exactly) the same mecha- 

nism to that of halothane. Even though in the literature 

there are few case reports of hepatitis following enflu- 

rane, isoflurane and even desflurane administration [40], 

the incidence of hepatitis after exposure to these agents 

is much lower than that of halothane. In fact, the inci- 

dence of hepatitis with isoflurane and desflurane is ne- 

gligible [41]. Isoflurane, desflurane and especially se- 

voflurane are safe for use during anaesthesia, even in 

patients with pre-existing liver dysfunction. Enflurane is 

no longer used in Europe. Since there is a risk of cross 

sensitization reactions among different halogenated in- 

haled anaesthetic agents, it is generally advised that 

enflurane, isoflurane and, probably, desflurane should 

be avoided in patients with a history of halothane he- 

patitis or recent previous exposure to halothane. 

Moreover, all volatile anaesthetic agents decrease 

cardiac output and mean arterial pressure. Perhaps this 

is the main mechanism by which these agents affect to- 

tal hepatic blood flow across a range of minimum alve- 

olar concentrations. The results of clinical studies on 

healthy volunteers and of experimental investigations 

suggest that most of the volatile anaesthetics reduce 

portal blood flow. Even though hepatic arterial blood 

flow may be increased at the same time (buffer auto- 

regulative response), this increase is not sufficient to 

restore total hepatic blood flow to normal levels. Vo- 

latile anaesthetics also affect hepatic arterial and portal 

vein vascular resistance. 

In detail, halothane decreases both portal and hepa- 

tic arterial blood flow, causes vasoconstriction of hepa- 

tic arterial microcirculation and reduces hepatic oxy- 

gen supply. Although isoflurane reduces portal blood 

flow, it preserves hepatic arterial blood flow better than 

halothane or enflurane. This finding perhaps can explain 

transient elevation of ALT and ALP values, which is 

more commonly observed after halothane anaesthesia. 

Sevoflurane is superior to isoflurane in maintaining to- 

tal hepatic blood flow and oxygen supply to the liver. 

The effects of desflurane on portal blood flow and he- 

patic arterial microcirculation are similar to those of 

isoflurane. 

On the contrary, the effects of volatile anaesthetic 

agents on hepatic function in patients with pre-existing 

liver dysfunction have not been studied extensively. In 

general, it is suggested to avoid the use of halothane in 

patients with hepatic dysfunction. Alternatively, modern 

inhaled anaesthetic agents, which lack any undesirable 

effect on liver function and hepatic blood flow, can be 

safely used. 

Propofol preserves or even increases total hepatic 

blood flow because it dilates both hepatic, arterial and 

portal circulation. Among the older intravenous anae- 

sthetics, thiopental and etomidate increase vascular re- 

sistance of the hepatic artery and decrease total hepa- 

tic blood flow, while ketamine lacks any significant ef- 

fect on hepatic blood flow. In any case, the effects of 

intravenous anaesthetics on hepatic blood flow are 
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transient and have a negligible impact on liver fun- 

ction, even in patients with hepatic dysfunction. 
Spinal and epidural anaesthesia have been found to 

decrease total hepatic blood flow. This effect is attribu- 

ted to the concomitant drop of mean arterial pressure 

during high levels of sympathetic blockade. 

Fentanyl, when administered during isoflurane ana- 

esthesia, was found to protect hepatic function, provi- 

ded that mean arterial blood pressure drop is less than 

30%, in comparison to its pre-anaesthetic levels. This 

finding rather reflects the preservative effect of isoflu- 

rane on hepatic function and not a protective effect of 

fentanyl itself. In fact, fentanyl is deprived of any di- 

rect effect on hepatic circulation. This is confirmed by 

the findings of other studies, where the concomitant 

use of fentanyl during halothane anaesthesia did not 

improve the undesirable effects of halothane on hepa- 

tic blood flow and oxygen supply to the liver. 

On the other hand, opioids have been reported to 

cause spasm of the Oddi's sphincter in patients with 

biliary tract obstruction. Spasm of the sphincter of Oddi 

is an undesirable effect of all opioid drugs. Spasm is 

dose dependent and can be treated with naloxone, ni- 

troglycerine or glucagon. 

9.4.3. Effects of Hepatobil iary Disease 
on Metabolism and Pharmacokinetics  
of Drugs Used in Anaesthesia 

Hepatobiliary disease is responsible for altered meta- 

bolism and pharmacokinetics of various drugs that are 

commonly used in anesthesia. The anaesthesiologist 

must be familiar with these alterations in order to admi- 
nister safe anaesthesia to patients with hepatobiliary 

disease. Principles of pharmacology define the mecha- 

nisms by which hepatic disease alters the metabolism 

and pharmacokinetics of several drugs. These mecha- 

nisms cause in general alterations in volume of distri- 

bution, protein binding, hepatic enzyme activity and 

enterohepatic circulation in cholestatic disease, but the 

main alteration is the reduction of the metabolism and 

delay in elimination of certain drugs with high extra- 

ction ratios by the liver. The presence of shunts bet- 

ween portal and systemic circulation should be kept in 

mind, in any case of enteric drug absorption. In such a 

case, large quantities of a drug are absorbed into the 

systemic circulation, before a fraction of the dose that 

was administered, had been inactivated by the disea- 

sed liver. 
The final clinical result of altered metabolism and 

pharmacokinetics by the hepatobiliary disease is pro- 

longation of half-life and increased potency of morphi- 

ne, meperidine and alfentanil [42, 43]. Elimination of 

normeperidine, the active metabolite of meperidine, is 

also delayed in severe liver disease. Normeperidine is 

accumulated in plasma and its neurotoxicity may beco- 

me manifested. Fentanyl and sufentanil, even though 

are both metabolized by the liver, do not have prolon- 

ged effect in patients with advanced liver dysfunction, 

provided that they are administered in a single dose 

regimen. The new synthetic opioid, remifentanil, is 

metabolized by ester hydrolysis in blood and in other 

tissues. This means that its elimination is independent 

of liver function. For this reason the use of remifenta- 

nil is safe, even in patients with liver insufficiency. 

A single dose of any intravenous anaesthetic agent 

that is used in clinical practice (propofol, thiopental, 
etomidate and ketamine) is unlikely to cause any pro- 

longation of its hypnotic effect in patients with advan- 

ced liver disease. This happens because these agents 

undergo rapid redistribution, whilst some of them ha- 

ve a large volume of distribution (thiopental). Howe- 

ver, continuous infusion of propofol, an agent that is 

extensively metabolized by the liver and has a high he- 

patic extraction ratio, may cause prolongation of the 

anticipated recovery time. 
Benzodiazepines have prolonged and intense seda- 

tive effects in patients with hepatic dysfunction. These 

drugs are highly binding to albumin and their metabo- 

lism by the liver is slow. Because albumin levels are 
low in hepatocellular disease, the unbounded-active 
fraction of benzodiazepines is increased. 

Aminosteroid neuromuscular blocking agents (pan- 
curonium, vecuronium and rocuronium)undergo me- 
tabolism and elimination by the liver [44]. Prolonged 
neuromuscular blockade is anticipated when these 
agents are used in patients with hepatobiliary disease. 

In contrast to these neuromuscular blocking agents, 

atracurium and cis-atracurium undergo Hofmann de- 

gradation and hydrolysis by non-specific plasma este- 

rases. Termination of their effect is independent of li- 

ver function, so the use of atracurium or cis-atracurium 

is safe in patients with hepatobiliary disease. Plasma 

cholinesterase synthesis by the liver is decreased in he- 
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patic dysfunction. Due to reduced plasma cholinestera- 

se levels, prolonged effect of succinylcholine (depola- 

rizing neuromuscular agent) and mivacurium (non de- 
polarizing neuromuscular agent) is anticipated in ad- 
vanced liver disease. 

Amide local anaesthetics have high hepatic extra- 
ction ratios and their clearance is mainly dependent on 
hepatic blood flow. For this reason meticulous dose 
adjustment is required, especially when large quanti- 

ties of amide local anaesthetics are administered (peri- 

pheral nerve blocks, epidural anaesthesia and analge- 

sia, wound infiltration, intravenous administration). 

9.4.4. Perioperative Management of Patients 
with Distinct Forms of Hepatobiliary Disease 

Asymptomatic patients with mild elevation of AST, ALT 
and ALP levels do not need any further laboratory in- 
vestigation, so undergo anaesthesia and surgery une- 
ventfully. 

Asymptomatic patients with moderate to high ele- 
vated AST, ALT and ALP levels, as well as patients with 
chronic liver disease, must be thoroughly evaluated be- 

fore an elective surgery, in order to preclude ongoing 

acute hepatitis or exacerbation of chronic hepatitis. In 

such a case, an elective surgery is better to be postpo- 
ned, until hepatic function has fully recovered. When- 
ever an urgent or a scheduled procedure is absolutely 
necessary in asymptomatic patients with elevated liver 

enzymes in patients with pre-existing chronic liver 
disease or in cirrhotic patients Child and Pugh class A, 
it is imperative to preserve the remainder of hepatic 
function and to prevent further hepatic deterioration. 
Potential hepatotoxic drugs, such as halothane, aceta- 
minophen and non- steroidal anti-inflammatory drugs 
(NSAIDs), should be avoided throughout the periope- 
rative period. With the exception of halothane, the use 
of any other inhaled anaesthetic agent is not contrain- 

dicated during anaesthesia in this group of patients. At 
the same time, measures should be undertaken to im- 

prove hepatic oxygen balance, such as avoidance of 
hypoxia, maintenance of normal blood pressure, sub- 

stitution of circulating blood volume, transfusion of 

red blood cells for correction of anemia and prophyla- 

ctic use of antibiotics for prevention of sepsis. Regional 
anaesthesia, when compared to general anaesthesia, 
has not proven to offer any favorable effect or post- 
operative morbidity and mortality of these patients. 

The goals of perioperative care in patients with 

acute and severe liver dysfunction irrespectively of its 

exact cause (viral, toxic, immune or drug induced he- 

patitis, sepsis and shock), and also of cirrhotic patients 

Child and Pugh classes B or C, are prevention and treat- 

ment of common complications, such as hepatic ence- 

phalopathy, cerebral edema, coagulation disorders, 

hemorrhage [45], portal hypertension, ascites, hepato- 

renal and hepatopulmonary syndromes and fulminant 

acute liver failure. Control of intravascular volume and 

glucose administration before, during and after surge- 

ry, are mandatory. When time permits, some of the 
modifiable risk factors for post-operative complications 

should be treated. Modifiable risk factors that can be 

improved prior to surgery are coagulation disorders 

and anemia, prerenal azotemia, electrolyte and pH ab- 
normalities, nutritional depletion, encephalopathy and 
ascites exacerbation. It is imperative to avoid any drug 

that is hepatotoxic, to improve oxygen balance at the 

level of liver cell, to administer lower dosage and to 

increase time intervals between repeated doses of 

drugs that are extensively metabolized by the liver. 

These are some general principles for the management 

of any patient with advanced liver disease. 

Hepatic encephalopathy is mainly attributed to am- 

monia, a non-metabolized neurotoxic substance absor- 
bed from the gut, which is accumulated into systemic 
and cerebral circulation. Moreover, hepatic encephalo- 

pathy is attributed to depression of neuronic metabo- 

lism, presence of false neurotransmitters and excess of 
the inhibitory neurotransmitter gamma aminobutyric 
acid (GABA). Other possible causes of hepatic encepha- 
lopathy are altered neurotransmission of cortical neu- 

rons due to the presence of glutamate, an excitatory 
neurotransmitter, and cerebral edema formation. Cere- 
bral edema formation is the end result of cerebral va- 
scular dilation and of disturbances in osmotic pressure 

gradients across the neuronic membranes due to the 

accumulation of glutamine in the brain cells. 

Except for the general principles for the manage- 

ment of any patient with advanced liver disease, spe- 

cial interventions should be made to avoid worsening 

of hepatic encephalopathy. These interventions inclu- 

de control of upper gastrointestinal bleeding, redu- 
ction in the quantity of protein in the gut and corre- 
ction of electrolytic or arterial pH disturbances. Hypo- 

kalemia and alkalosis worsen the undesirable effects of 



P. Georgakis, L. Rizzotti, I. Katsouli-Liapis 129  

circulating ammonia on brain function and should be 

managed carefully. Lactulose, a non-absorbable disac- 

charide, is usually administered to these patients, in 

order to decrease ammonia production from the gut. 

Opioids and benzodiazepines may either induce or 

worsen hepatic encephalopathy and should be avoided 

or meticulously used. 

Coagulation disorders are treated with parenteral 

administration of vitamin K and transfusions of fresh 

frozen plasma or of certain coagulation factors synthe- 

sized by the liver, whose plasma levels are low. It should 

be noted, however, that correction of PT by vitamin K 

occurs only in patients with biliary tract obstruction 

and that any positive result is anticipated within 24 

hours from the beginning of vitamin K administration. 

Life threatening hemorrhage can occur as a result of 

either undertreated or sustained coagulation disorders 

or ruptured esophageal varices. If a gastrointestinal he- 

morrhage occurs, transoesophageal sclerotherapy, com- 

bined with local and systemic vasopressin and somato- 

statin administration, are considered as the treatment 

of choice. Many centers, prefer sclerotherapy to emer- 

gency portacaval shunting. Embolism of varices and 

collateral veins, via a catheter inserted in the portal 

vein, can be used to achieve temporary control of 

bleeding. In the presence of esophageal varices, the 

placement of nasogastric catheters or other relatively 

rigid oesophageal probes is better to be avoided be- 

cause of the risk of variceal bleeding. 

Retention of sodium and water produced by the 

kidneys in conjunction with low oncotic pressure due 

to hypoalbuminemia and portal hypertension lead to 

ascites formation. The presence of large quantities of 
ascitic fluid in the peritoneal cavity causes restrictive 

pulmonary dysfunction and exposes the patients to the 

risk of gastric aspiration during induction of anaesthe- 

sia. Administrations of spironolactone or loop diure- 

tics, combined with sodium and water restriction are 

the conservative measures for reducing ascites forma- 

tion, or exacerbation. Paracentesis for the evacuation 

of the abdominal cavity is indicated prior to surgery, in 

order to improve pulmonary function. Ascitic fluid is 

in dynamic equilibrium with intravascular blood volu- 

me. For this reason, abrupt evacuation of large quanti- 

ties of ascitic fluid can cause hypovolemic shock. Intra- 

vascular blood volume substitution is better managed 

with low salt colloid solutions. 

Hepatorenal syndrome is a form of acute renal fai- 

lure that is manifested in the final stage of liver disea- 

se. This form of renal failure is characterized by creati- 

nine and blood urea nitrogen elevation and low urine 

production with high osmolality and low sodium con- 

centration. The primary cause of the hepatorenal syn- 

drome is renal hypoperfusion, due to decreased effe- 

ctive blood volume. This cause is exacerbated by vigo- 

rous diuretic therapy for the treatment of ascites. Ab- 

dominal com-partment syndrome in the presence of 

tense ascites further decreases renal perfusion. 

Hepatopulmonary syndrome is characterized by 

hypoxemia, which is moderate to severe. Dyspnea 

worsens on assuming the sitting or standing position. 

Among the factors that contribute to hypoxemia are: 

the presence of arteriovenous shunts, diffusion-perfu- 

sion disturbances, due to dilated pulmonary vessels 

and pre-existing chronic obstructive pulmonary disea- 

se. In more advanced hepatic disease or in the presen- 

ce of tense ascites, restrictive pulmonary dysfunction 

and/or pleural effusions are additional factors that ag- 

gravate hypoxemia. 

Fulminant liver failure complicates an acute liver 

injury and is characterized by intense clinical signs of 

hepatic encephalopathy, several days after jaundice 

onset. Fulminant acute liver failure is often accompa- 

nied by cerebral edema and elevated intracranial pres- 

sure. Treatment is conservative and these patients are 

candidates for liver transplantation, if they fulfill the 

currently established criteria for the transplantation 

procedure. 

Patients with extra-hepatic bile duct obstruction due 

to gallstones [46] or tumors are at great risk of perio- 

perative morbidity and mortality, especially when hy- 

perbilirubinemia is high and coexists with advanced 

age, coagulation disorders, low albumin levels, malnu- 

trition, malignancy, anemia, sepsis or renal dysfun- 

ction. Renal failure is a common complication of com- 

mon bile duct obstruction combined with high levels 

of bilirubin. Renal failure is mainly of a pre-renal ori- 

gin. The underlying mechanism of renal failure is a pro- 

gressive decrease of renal blood flow. This can be at- 

tributed to hypotension, secondary to vasodilation and 

to hypovolemia, due to forced diuresis caused by the 

circulating bile salts. Since the circulating bile salts act 

as diuretics, urine production alone is not a reliable 

monitor of the effective blood volume. Prevention of 
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renal failure is based on careful maintenance of suffi- 

cient circulating blood volume. Consequently, this goal 

is better achieved with interventional cardiovascular 

monitoring (central venous or pulmonary artery pres- 

sure monitoring). Administration of mannitol, loop 

diuretics or low dose dopamine has not proved to 

offer any additional protection of renal function. 

In the same group of patients, opioids cause spasm 

of Oddi's sphincter. For this reason, dosage of fenta- 

nyl, morphine and meperidine should be reasonably 
restricted during the perioperative period. 

9.5. Anaesthetic Considerations for Hepatic 
Resection Procedures 

Indications for same degree of hepatic resection are pri- 

mary single liver tumors or metastasis, usually from ga- 

strointestinal cancer. In many cases, more lesions that 
can be resected are found, either from preoperative 

assessment or from direct thorough examination of the 

abdominal cavity, during laparotomy. Ultrasonography 

may be used intraoperatively to localize lesions. He- 

patic surgery is also indicated in some patients with 

abdomen trauma. The preferred surgical incision for 

hepatic resection procedures is right subcostal. For lar- 

ge or inaccessible right-sided lesions,this initial inci- 

sion may be extended into the right chest. Major liver 
resections are considered wedge, lobe, right or left ex- 

tended lobectomy and left lateral segmentectomy [47]. 
The goal of any curative hepatic resection is to com- 
pletely remove the tumor. Wedge resections are usual- 
ly performed for small lesions located at the periphery 
of the liver. However, in many cases, the final decision 
about the kind and the extent of the appropriate re- 

section is made only after the direct examination of the 

abdominal organs and the liver, during laparotomy. 

Even though a single wedge resection is not asso- 

ciated with considerable hemorrhage, all major liver 

resections, large or multiple wedge resections, as well 

as surgical procedures at close proximity of the major 

hepatic vessels, must be expected to have the potential 

for sudden and significant intraoperative blood loss. 

Modern surgical equipment, such as the Cavitron Ultra- 

sonic Aspirator CUSA, and techniques, such as the Ra- 

dio Frequency Ablation, allow liver surgery to proceed 

with better control of intraoperative bleeding. 

9.5.1. Preoperative Considerations 

The anaesthesiologist should be aware about the de- 

gree of any hepatic dysfunction relied on preoperative 

clinical, biochemical and imaging evaluation of the 

patient [48]. Usually, most patients undergoing hepatic 

resection have near normal liver functional laboratory 

tests. Severe anemia, coagulation disorders or any other 

modifiable risk factor for post-operative liver dysfun- 

ction, if present, should be corrected preoperatively [49]. 
The risk assessment is based on the same criteria as for 

any other major abdominal surgery. For the planning 

of anaesthesia, the anaesthesiologist must collaborate 

with the surgeon, in order to know the kind and the 

extension of the procedure that is scheduled. 

9.5.2. Intraoperative Considerations 

Since the risk of sudden and significant intraoperative 

blood loss is great during hepatic resection procedu- 

res, one or two large-bore peripheral venous lines 
must be secured. Placement of an arterial line for con- 

tinuous measurement of invasive arterial pressure and 

for arterial blood gases estimations can be established 

before or shortly after the induction of anaesthesia. A 

central venous line is placed, usually after the indu- 

ction of anaesthesia. Many anaesthesiologists prefer to 

postpone invasive monitoring, until a definitive deci- 

sion to proceed with a major hepatic resection has 
been made by the surgeon. Others prefer to establish 

invasive monitoring from the beginning of the proce- 
dure. Blood glucose levels should be monitored during 
long lasting and extensive surgery, because the risk of 
hypoglycemia development is present. Measures should 
be taken to keep the patient normothermic. The choi- 
ce and dosage of anaesthetic drugs should be based on 

the extent of pre-existing hepatic dysfunction, if pre- 

sent, as well as on the anticipated impairment of post- 

operative liver function, resulting from loss of the he- 

patic parenchyma following an extensive hepatic rese- 

ction or from surgical manipulations on the liver. 

Controversy exists, concerning fluid management 

during hepatic resection. If blood and fluid administra- 

tion is towards keeping a normal to elevated central 

venous pressure, then hemorrhage will be greater du- 

ring surgery. If blood and fluid administration is restri- 

ctive and central venous pressure is kept low, then in- 

traoperative blood loss will be minimized, but there will 
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be a risk for air embolism to occur [50]. Trendelenburg's 

position of the patient helps to control excessive blee- 

ding during the procedure, since this position lowers 

intrahepatic venous pressure. Furthermore, Trendelen- 

burg's position improves venous return to the right 

atrium, increases cardiac preload and cardiac output and 

actually reduces the risk of air embolism from open 

hepatic veins. 

9.5.3. Post-Operative Considerations 

Post-operatively, patients who have undergone major 

hepatic resection should be transferred to an intensive 

care unit. Patients undergoing small wedge resection 

or other limited hepatic resection can be managed rou- 

tinely. During major or vigorous hepatic resection, pa- 

tients usually undergo excessive traction on their up- 

per abdomen and diaphragm. These intraoperative for- 

ces predispose to the development of post-operative pul- 

monary complications, such as atelectasis, pneumonia 

or pleural effusion up to 90% of the patients. Effective 

treatment of acute post-operative pain is crucial, as an 

effort to reduce morbidity from pulmonary complica- 

tions. In our hospital epidural analgesia or systemic 

opioids administration are the methods of choice for 

post-operative pain management, following hepatic re- 

section. Careful titration of the dosage of opioids and 

local anaesthetics to the desired analgesic effect is 

mandatory, because they are both highly metabolized 

by the liver and have decreased clearance in patients 

with post-operative hepatic dysfunction. Non-steroidal 

anti-inflammatory drugs, acetaminophen and other 

possibly hepatotoxic drugs should be avoided in the 

post-operative period. Other common and serious 

complications following major hepatic resection are 

sepsis, biliary leakage, hepatic failure and hemorrhage. 

Regeneration of the remaining liver tissue following 

hepatic resection is marked by decreasing levels of bi- 

lirubin and by ameliorating values of other liver fun- 

ctional tests. Survival is promoted by hepatic regenera- 

tion, while the regeneration process itself is promoted 

by preserving normal levels of plasma phosphates. In 

order to avoid hypophosphatemia, phosphates should 

be added to intravenous fluids during the early post- 

operative period. 

Improvement of outcome following major hepatic 

resection is based on thorough preoperative evaluation 

and preparation of patients, on meticulous manage- 

ment of anaesthesia, to achieve optimal conditions for 

hepatic and total body homeostasis, as well as on in- 

tensive and close post-operative monitoring and pre- 

servation of liver function. 

9.6.  Conclusion 

In patients with liver disease, anaesthesia and surgery 

may post-operatively cause deterioration of hepatic fun- 

ction. Mortality, even following simple surgical proce- 

dures, can be high, especially when liver disease is 

misdiagnosed or is acute or acutely deteriorated. 

The goals of perioperative care in patients with 

hepatobiliary disease are to preoperatively diagnose 

existing liver disease, to identify the exact cause and 

the extension of the underlying liver disease and to 

optimize liver function, as well as, throughout preope- 

rative period, to avoid any factor that is known to de- 

teriorate hepatic function. Acute hepatocellular injury 

is the most frequently missed°diagnosis and the most 

likely to be accompanied by high rates of post-opera- 

tive morbidity and mortality. Known and proven risk 

factors for liver dysfunction after hepatic or non hepa- 

tic surgery in patients with severe pre-existing liver di- 

sease are acute and chronic hepatitis, cirrhosis and cer- 

tain types of surgical procedures, such as hepatic rese- 

ction and surgery on the biliary tract, colon, stomach 

and cardiac surgery. 
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CONGENITAL MALFORMATIONS 
IN THE EXTRAHEPATIC BILIARY TREE IN CHILDREN 
BILIARY ATRESIA 

D.C. Keramidas 

10.1. Introduction 

Biliary atresia is a disorder in which there is obliter- 
ation or discontinuity of the extrahepatic biliary tree. If 
untreated it leads to cirrhosis, liver failure and death in 
less than 2 years after birth. The disorder of the biliary 
tree is the end result of a panductal sclerosing process 
appearing before birth with gradual loss of patency of 
the biliary system which is completed around birth. 
The biliary structures disappear and fibrous tissue re- 
mains at 4 months. The histology of the liver is chara- 
cterized by a non-specific giant cell transformation and 
portal expansion by fibrous tissue with ductural prolife- 
ration followed by ductopenia, fibrosis and cirrhosis [1]. 

The incidence of biliary atresia varies according to 
several series from 1 in 9600 to 16.700 live births and 
occurs in half of all cases of neonatal cholestasis with a 
preponderance of females [2, 3, 4]. Associated conge- 
nital malformations occur in about 3-10% of biliary 
atresia cases [2]. Such malformations are polysplenia 
or asplenia, situs inversus, malrotation, absent vena ca- 
va, produodenal portal vein, cardiac anomalies, annu- 
lar pancreas. The association of biliary atresia with 
splenic malformations has been described as the BASM 
syndrome suggesting that damage may occur early in 
embryonic life [5]. The associated malformations, espe- 
cially cardiovascular, have an increased mortality ef- 
fect in children with biliary atresia [6]. 

10. 2. EtiOlOgy 

The combination and interaction of several elements 
having a role in etiology and pathogenesis of biliary at- 

resia remains unconfirmed despite progress in research 
in this field. 

The typical pathogenetic manifestations are most 

prominent at the porta hepatis. Comparison of patho- 

morphological and histological findings of patients with 

histological findings in human and rat embryos suggests 

that biliary atresia could be attributed to disturbances 

or interruption of epithelium/mesoderm interaction 

during embryogenesis [7, 8]. 

Patient based studies have identified genetic and 

environmental factors that may interact. Chief factors 

are infectious and immunological processes [9]. Patient 

and animal based experiments indicate interactions 

between infectious agents and inflammatory circuits 

[10]. Studies using immunofluorescence suggest an asso- 

ciation between reovirus 3 infection and biliary atresia 

[11]. Group C rotavirus has been detected in infants 

with biliary atresia {12]. Studies at different phases of 

the disease point to a pro-inflammatory commitment 

of lymphocytes at the time of diagnosis and to their 

potential role in obliteration of bile ducts [9]. Osteopon- 
tin, a Thl cytokine, is involved in several fibro-inflam- 

matory and autoimmune diseases. Its increased ex- 
pression by interlobular biliary epithelium correlates 
with biliary proliferation and portal fibrosis suggesting 

a role in the pathogenesis of the disease [13]. 

In biliary atresia associated with congenital anoma- 

lies, abnormalities in different genes seem to predispo- 

se. In this "fetal" group of biliary atresia, which is a mi- 

nority, the symptoms start shortly after birth. In the 

majority of patients, in addition to genetic susceptibili- 

ty, several factors, mainly infectious, have a role in pa- 
thogenesis [ 1]. 
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10.3. Classification 

There are three main types of biliary atresia according 
to the level of obliteration of the extrahepatic biliary 
system (fig. 10.1). 

Type I. The level of obstruction is within the com- 

mon bile duct. The gallbladder contains bile. This type 

is rarely encountered. 

Type II. The level of obstruction is within the com- 

mon hepatic duct. The hepatic ducts contain bile. The 

gallbladder does not contain bile. This type is rarely 
encountered. 

Type III. The level of obstruction is within the por- 
ta hepatis. This is the commonest form of biliary atre- 

sia (>90%). 
While details of subdivisions of these main types or 

variations based on the structure of the gallbladder and 

the distal bile ducts exist, they have no influence on 

the mode of surgical treatment. Rarely, during cholan- 

giography, a cystic form of biliary atresia can be dis- 

closed containing either mucus or bile within some 

part of the extrahepatic bile ducts with a thickened 

wall. There may be communication with abnormal in- 

trahepatic ducts [5]. 

10.4. Clinical Manifestation and Diagnosis 

All infants still jaundiced at 2 weeks after birth need 

investigation to determine whether conjugated hyper- 
bilirubinemia is present. Work-up for diagnosis should 
be completed the soonest possible. Neonates and infants 
with prolonged jaundice on a hepatic parenchymal ba- 

PH 
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( r a r e )  

.... ............ > ( r a r e )  

Fig. 10.1. Levels of obliteration of the extrahepatic biliary tree in bi- 
liary atresia. 

sis due to neonatal hepatitis, a-1 antithrypsin deficien- 

cy, giant-cell hepatitis, cytomegalovirus hepatitis, cy- 

stic fibrosis, biliary hypoplasia or Alagille's syndrome 

must be separated from those on an obstructive cho- 

lestatic basis. 

Biliary atresia represents the majority of cases of 

cholestatic jaundice. The infant will be admitted ha- 

ving pale stools and dark urine due to the inability to 

excrete conjugated bilirubin into the intestinal tract. In 

some infants there is vitamin K-related coagulopathy 

and bleeding. 

In the differential diagnosis of biliary atresia, other 

causes of extrahepatic obstruction must be included: 

choledochal cyst, spontaneous perforation of the bile 

duct and the inspissated bile syndrome. 

The following diagnostic means have been used for 

the diagnosis and differential diagnosis of biliary atre- 

sia: 

1. Ultrasonography is the initial imaging technique of 

choice for neo-natal jaundice. In biliary atresia the 

liver parenchyma is disclosed homogeneous, the bi- 

le ducts are not identified, and the gall bladder is ei- 

ther not visualized or empty and tiny. Visualization 

of a triangular or tubular echogenic density just cra- 

nial to bifurcation of the portal vein is diagnostic 

[14]. Rarely a cystic dilatation of the extrahepatic 

duct is demonstrated corresponding to the bulbous 

end of a nonobliterated common hepatic duct. The 

sensitivity of ultrasound scanning for biliary atresia 
and the specificity of the findings are high. Structu- 

ral abnormalities of the biliary tree are excluded 
and a prenatal diagnosis may be made. Moreover, 
ultrasound scanning can reveal associated malfor- 

mations of the spleen and vascular malformations. 

2. Radioscintigraphy using imino diacetic acid (IDA) 

derivatives is useful in the study of hepatocyte clea- 

rance, hepatobiliary transit and excretion. Early in 

the course of biliary atresia, clearance of the isotope 

is adequately maintained. Given that discrimination 

between nonsurgical and surgical causes of jaundice 

can be difficult, biliary atresia is excluded when ex- 

cretion of the isotope is not visualized in the gut. 

3. Percutaneous Liver Biopsy (PLB) is useful for the 

differential diagnosis of biliary atresia from the var- 

ious forms of intrahepatic cholestasis. Liver biopsies 

from patients with a-l-antitrypsin deficiency may 
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be confused with biliary atresia. Histochemical and 
immunohistochemical staining contribute to differ- 
ential diagnosis. 

4. Magnetic Resonance Cholangiography (MRC) can 

show the biliary anatomy and periportal thickening 

which corresponds to the histologic findings of ex- 
panded fibrosis of the porta hepatis [15]. The accur- 

acy and sensitivity of MRC are 98% and 100% res- 
pectively for diagnosis of biliary atresia [ 16]. 

5. Endoscopic Retrograde Cholangiopancreatography 
(ERCP) was successfully used in 47 of 52 examin- 
ations in biliary atresia [17]. The procedure requires 
endoscopic skill in infants and may not be free of 

complications such as cholangitis, pancreatitis and 

duodenal perforation. 

6. Laparoscopy and laparoscopic-guided cholangio- 

graphy was reported successful in the diagnosis of 
biliary atresia [ 18]. 

10.5. Surgery in Biliary Atresia 

The initial operation of biliary atresia is hepatic porto- 

enterostomy as proposed by Kasai in the year 1959 
[19]. Nevertheless, almost 90% of patients will be sub- 
jected sooner or later to a further operation for liver 

transplantation. During the last twenty years many stu- 

dies have been published concerning optimal surgical 

treatment [20-25]. Cirrhotic children who do not drain 
bile, are malnourished due to fat malabsorption, low 
caloric intake, increased energy expenditure and in- 
sensitivity to the growth hormone [26, 27]. Malnutri- 
tion increases the mortality and morbidity of liver 
transplantation. The advantage of hepatic portoenter- 
ostomy is that during the pretransplant period the pa- 
tients can gain weight and grow [25]. However, the 
development of adhesions in the upper abdomen fol- 

lowing hepatic portoenterostomy increase the risks of 
the transplant procedure in these cirrhotic patients. 
Laparoscopic hepatic portoenterostomy has the advan- 

tage that no adhesions develop after the operation. 

Esteves et al described laparoscopic hepatic portoente- 

rostomy for biliary atresia in 2002 [28]. With the im- 
provement of laparoscopic instruments and pertinent 
surgical skills, Martinez-Ferro, Esteves and Laje suc- 

cessfully performed and standardized the procedure in 

a larger series of patients in two different centers [29]. 

10.6. Kasai Hepatic Portoenterostomy 

The procedure of conventional hepatic portoentero- 

stomy will be described according to the authoris ex- 

perience and practice. In parallel, specific modifica- 

tions for the needs of the laparoscopic procedure will 
be added as worked out and described by Martinez- 

Ferro, Esteves and Laje [29]. 

Preoperatively, vitamin K is administered intramus- 
cularly for 2-3 days and neomycin orally for 24 hours. 
After induction of anesthesia, antibiotics are given in- 
travenously and continued for 3-4 days after the oper- 
ation. Attention must be paid to meticulous bowel pre- 

paration before the laparoscopic procedure. The bowel 

must be properly cleaned with polyethylene glycol so- 
lution or three to four saline enemas during the last 6 

hours terminating 1 hour before surgery. 

10.6.1.  The O p e r a t i n g  Table  

Open procedure: The patient is placed in supine 
position on a thermostatically controlled heated oper- 
ating table with facilities to perform operative cholang- 

iography should the latter be deemed necessary. 
Laparoscopic procedure: Neonates and infants are 

placed across the table on a 10 cm high platform to fa- 
cilitate the range of instrument movements. 

10.6.2.  The I n c i s i o n  

Open procedure: A small right subcostal incision is 
made and the gall bladder is aspirated. If bile is pre- 
sent, cholangiography through a gallbladder catheter is 
carried out. Diluted contrast material is injected to de- 
monstrate continuity of the biliary tree and duodenum. 
Diagnosis of biliary atresia is excluded on the basis of 
demonstration of a patent common bile duct and com- 
munication with intrahepatic ducts. In the majority of 
cases the gallbladder is fibrotic, the lumen usually oc- 
cluded rendering cholangiography impossible. The 
small right subcostal incision is extended laterally div- 

iding the rectus muscles to adequately expose and in- 

spect the liver. The presence or absence of ascites and 

associated anomalies are noted and a needle biopsy of 
the right lobe of the liver is taken. Exploration of the 
extrahepatic biliary tree follows. 

Laparoscopic procedure: Four trocars are placed and 
fixed. The first one to the peritoneal cavity through an 
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Laparoscopic procedure: The Roux-en-Y limb is per- 

formed outside the abdominal cavity using the umbi- 

lical port which is adequately enlarged to facilitate ex- 

teriorization of the intestine. Before exteriorization the 

proximal and distal ends of the loop are marked with 

two dots by applying the tip of a monopolar hook to 

the seromuscular wall. The marked areas are resected 

after exteriorization. The anastomosis to the porta he- 

patis is performed using 5/0 PDS-Ethicon with a CI 

needle. The sutures are placed in and out of the perito- 

neal cavity through the trocar of the left flank. Two 

percutaneous sutures are placed at each corner of the 

posterior wall of the anastomosis to facilitate the pre- 

cise placement of the posterior row of sutures exiting 

very close to the portal vein. Extracorporeal Roeder 

knot tying is used. The anastomosis is completed with 

the anterior row of sutures. 

10.7. Complications After Hepatic 
Portoenterostomy 

10.7.1. Cholangitis 

Recurrent ascending cholangitis is the usual complica- 

tion after hepatic portoenterostomy. This complication 

is manifested by decreased bile flow and fever accom- 

panied by a rise in serum bilirubin levels and leukocy- 

tosis. It may be followed by cessation of bile flow. In- 

trahepatic bile stasis and enteric bacterial colonization 

of the conduit are the predisposing factors of cholan- 

gitis. Colonization of the conduit usually with Escheri- 

chia coli, Proteus spp. and Klebsiella occurs within the 

first month after the operation. Blood cultures and li- 
ver biopsy cultures are necessary for identification of 

the bacteria. Fever usually resolves in two days fol- 

lowing treatment with intravenous antibiotics against 

Gram-negative microorganisms but resumption of bile 
flow may take one week. Phenobarbitone and chole- 

styramine are administered to enable bile flow. Ste- 

roids [30], ursodeoxycholic acid [31] and chronic in- 

travenous antibiotics are advocated to improve bile 

flow after the operation. 

Episodes of cholangitis are unusual after the first 

postoperative year. They may be the result of stasis in 

the conduit as revealed by percutaneous cholangio- 

graphy and reoperation is required. 

In order to prevent cholangitis, construction of 

"valves" in the jejunal biliary conduit has been used. 

This has beem proved ineffective [32]. On the other 

hand, temporary exteriorization of the conduit by fa- 

shioning cutaneous stoma has also been used to obser- 

ve bile flow and prevent cholangiitis. The double-Y 

conduit, the double barrelled conduit and total exteri- 

orization of the conduit are mentioned among several 

configurations of temporary exteriorization. There is 

no evidence that the incidence of cholangitis is pre- 

vented. Moreover, stomal varices causing bleeding 

may develop and technical difficulties are encountered 

during the operation of liver transplantation, should 

the latter become necessary at a later stage. 

In some patients cholangitis may be associated with 

intrahepatic biliary cysts requiring percutaneous aspir- 

ation or internal drainage [33, 34]. The possibility of 

biliary atresia associated with biliary cysts must be 

considered in infants with prolonged jaundice and 

cholangitis [35]. An intrahepatic biliary cyst with recur- 

rent cholangitis was described in a patient treated with 

resection 29 years after Kasai procedure [36]. 

10.7.2. Portal Hypertension 

The degree of fibrosis at the time of hepatic portoen- 

terostomy, the response to surgery and episodes of re- 

current cholangitis predispose to cirrhosis and portal 

hypertension. Complications of portal hypertension 

are variceal bleeding and less frequently hepatopulmo- 

nary syndrome [37]. They occur in more than 60% of 

long-term survivors [38]. Endoscopic sclerotherapy in 

infants and endoscopic variceal ligation in older chil- 

dren are employed to control bleeding [39]. Thirty per 

cent of patients needing early transplantation due to 

non response to hepatic portoenterostomy have a hi- 

story of serious bleeding from oesophagel varices [5]. 

Hepatocellular carcinoma is a long-term complic- 

ation. It may develop in patients with cirrhosis without 

clinical evidence of portal hypertension [40]. 

10.8. ReSults Of Hepatic Portoenterostomy 

The rate of decline of serum bilirubin values after the 

operation corresponds with good prognosis. Biliary 

drainage after the operation is usually sluggish for 2-3 

weeks and in many cases no significant resolve of 
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jaundice occurs. A classification of long-term results as 

good,  partial and poor  was p roposed  based on total bi- 

lirubin levels within three months  after the opera t ion  

[41]. Ten to 15% of patients will be free of complic-  

ations with long- term excellent results, normal  liver 

function but abnormal  histology [5]. The native liver 5- 

year survival as a turning point  to either liver trans- 

plantat ion or death is 29% to 68% according to large 

series [1, 42-45]. 

The majority of  patients will be submit ted to liver 

transplantation at some later pe r iod  of life. 

10.9. Prognosis 

A combina t ion  of the following parameters  has a role 

in prognosis:  

a) The age of the infant. Although the opera t ion  is 

most  effective in patients under  6 weeks  of  age, good  

results have been  repor ted  b e y o n d  that age [46]. 

b) The histological identification of biliary ductules 

in the excised tissue f rom the por ta  hepatis. Ductules 

with d iameters  greater  than 150 lam may be a posit ive 

prognost ic  factor for adequate  biliary drainage. 

c) The degree  of cirrhosis. The levels of serum hya- 

luronic acid, a marker  of  hepatic f ibrogenesis  may be 

of prognost ic  value preopera t ive ly  [47]. 

d) The f requency of relapsing cholangitis and de- 

gree of  response  of cholangitis to treatment.  

e) The existence of  associated malformations,  espe- 

cially cardiovascular with deve lopmen t  of  pu lmonary  

ar ter iovenous shunting after the opera t ion  [6]. 
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OF THE BILIARY TREE IN CHILDREN 

D.C. Keramidas 

11.1.  Choledochal  Cysts - In t roduct ion  

Choledochal cysts are rare congenital dilatations of the 

extrahepatic bile ducts which may also involve the in- 

trahepatic biliary system. According to the author's 

material of 21 cases over a ten-year period (1991-2000), 

choledochal cysts come second to biliary atresia in fre- 

quency with a female to male ratio 4:1, and consitute 

the majority of cholestatic jaundice cases in childhood. 

The incidence in western countries is estimated between 

1 in 100,000-150,000. In eastern countries the inciden- 

ce of choledochal cysts is higher [1, 2]. 

11.2.  EtiOlOgy 

Endoscopic retrograde cholangiopancreatography for 

the evaluation of pancreaticobiliary disorders disclo- 

sed choledochal cysts associated with anomalous jun- 

ction of the pancreaticobiliary duct in 87% of patients 

[3]. The anomalous junction is the result of early fusion 
of the common bile duct with Wirsung's duct outside 

the duodenal wall and arrest of migration of the jun- 

ction into the duodenal wall before the eighth week of 

embryonic life [4]. This abnormal arrangement of the 

pancreaticobiliary ducts leads to formation of a long 

pancreaticobiliary canal or "common channel" 

Although no inheritance pattern has been establi- 

shed, there may be a genetic factor on the basis that 

anomalous junction of the pancreaticobiliary duct has 

been reported in families and it occurs more frequent- 

ly in eastern countries [5]. Anomalous pancreaticobilia- 

ry junction has been described in monozygotic twins 

suggesting a genetic origin [6]. 

The presence of a long common channel predispo- 

ses to a two-way reflux of bile and pancreatic juices 

and is associated with various pathologic conditions such 

as pancreatitis, stenosis of the papilla of Vater and cho- 

ledochal cysts [1, 2, 6, 7]. The reflux of pancreatic en- 

zymes into the common bile duct is followed by dege- 

neration of the elastic fibers and ectasia. This develop- 

ment sometimes extends up to the intrahepatic biliary 

tree. The chemical effect of pancreatic fluid on the bile 

duct in the antenatal period is unclear. The diagnosis 

of choledochal cyst can be made as early as the fifth 

month of embryonic life but the fetal pancreatic enzy- 

mes are not functional at that gestational age [8]. 

Dilatation, stenosis and partial obstruction of the 

common channel due to debris, protein plugs and in- 

flammation cause reflux of bile into the pancreatic 

duct. Acute pancreatitis is reported in 17-68% of pa- 

tients with a long channel [7, 9]. There are rare types 

of choledochal cyst in patients without a long common 

channel. These types are the following: diverticulum 

on the common bile duct, duodenal choledochocele 

and intrahepatic bile duct dilatation or Caroli's disease. 

11.3.  Classif icat ion 

Classificaiton of choledochal cysts was first proposed 

by Alonso-Lej et al in the year 1959 [10]. According to 

Todani et al classification [11], there are the following 

types: Type I, a) choledochal cyst, b) segmental chole- 

dochal dilatation, c) diffuse or cylindrical dilatation; 

Type II, diverticulum of the whole extrahepatic duct; 

Type III, intraduodenal common bile duct dilatation; 

Type IVa, multiple intra- and extrahepatic ducts dilata- 

tions; Type IVb, multiple extrahepatic dilatations; Type 

V, intrahepatic dilatation(s). 
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A practical classification of choledochal cysts based 
on the anatomy of the dilatation in association with 
cholangiographic findings of the pancreaticobiliary jun- 

ction was proposed by Miyano et al [8]. According to 

this classification there are two groups of choledochal 

cysts. In the first group comprising the majority of ca- 

ses, choledochal cysts are associated with pancreatico- 

biliary maljunction. There are three types of cysts in this 

group: cystic, fusiform and forme fruste. In the second 

group comprising the minority of cases, no anomalous 
pancreaticobiliary junction exists. There are three types 

of cysts in this group: cystic diverticulum of the com- 
mon bile duct, duodenal choledochocele, intrahepatic 

bile duct dilatation or Caroli's disease (fig. 11.1, 11.2, 

11.3). 

a b c 

d e f 

Fig. 11.1. Classification of choledochal cysts in context of associa- 
tion with a common channel (a, b, c: common channel- d, e, f: sepa- 
rate ducts). 

11.4.  Clinical Presenta t ion  

Jaundice is the main presenting symptom in children 
in contrast to abdominal pain which appears with a sig- 
nificantly higher incidence in adults [1]. Acholic stools, 

vomiting and a palpable abdominal mass with or with- 

out jaundice appear in neonates and young infants ac- 

cording to the degree of obstruction. In older children, 

fever and pain may also occur and relate to recurring 

pancreatitis. 
Fig. 11.2. A cystic form choledochal cyst during dissection. 

11.5.  Diagnosis 

Identification of biliary tree anomalies before birth can 
be done using ultrasound scan. However, differential 
diagnosis between choledochal cyst and biliary atresia, 
mainly with obstruction at the level of common hepa- 

tic duct is difficult [12]. 
For prenatal ultrasound scan, the following patterns 

and sizes have been proposed in differential diagnosis: 

anechoic small cyst in the hilum and echoic large or 

small cysts. The former is highly suspicious for biliary 

atresia. The latter are respectively suggestive of obstru- 

cted or unobstructed choledochal cysts [13]. Should it 

be impossible to distinguish between choledochal cyst 

and biliary atresia on antenatal ultrasound scan, early 
exploration is recommended to exclude potential bilia- 

ry atresia [ 14]. 
For symptomatic patients, especially when a diffe- 

Fig. 11.3. An unusually large diverticulum of the common bile duct. 

rential diagnosis of biliary atresia is doubtful, early ex- 
ploration is needed before 2 months. Definitive surge- 
ry at 6 months of age is proposed for asymptomatic pa- 

tients with prenatally diagnosed choledochal cyst [15]. 

In infants and children, visualization of the entire bilio- 
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Fig. 11.4. End-to-end hepaticojejunostomy after excision of a cystic 
form choledochal cyst. 

i .......... 

Fig. 11.5. a-b. A six-year-old patient with pancreatitis due to com- 
mon channel as revealed by cholangiography during surgery. 

pancreatic system is the epicenter of procedures for 
the diagnosis of choledochal cysts. Abdominal ultraso- 
nonography, endoscopic retrograde cholangiopancrea- 

tography (ERCP) and magnetic resonance cholangio- 
pancreatography (MRCP) are mainly used [1, 8]. In ad- 
dition, intraoperative cholangiography is a precise and 

effective technique in differential diagnosis and in de- 

termining the appropriate method of treatment [16]. 

Ultrasonography is the primary screening method 
for congenital biliary dilatation. However, the entire duct 
visualization is limited. The undilated common channel 
and pancreatic duct cannot be clearly demonstrated. 

ERCP can accurately demonstrate the pancreatico- 
biliary system. However, this procedure requires en- 
doscopic skill in infants and may not be free of compli- 
cations. Pancreatitis is a contraindication for ERCP. 

MRCP has the advantage of being non-invasive and 
effective in visualizing the pancreatic duct upstream to 
an obstruction or stenosis. It can accurately demonstra- 
te narrowings, dilatations and filling defects in the 
pancreatobiliary sytem. 

11.6. Surgical Treatment 

Choledochal cysts are associated with the development 
of both cholangiocarcinoma and gallbladder cancer. 
Therefore surgical treatment should consist of comple- 
te excision of the extrahepatic biliary tree with Roux- 
en-Y hepaticojejunostomy (fig. 11.4). The bile duct 

should be excised at the intrapancreatic portion if the 
latter is involved in the choledochal cyst [17]. 

It is important during the operation to thoroughly 
investigate the entire biliopancreatic ductal system for 
anomalies of the common channel or pancreatic duct, 
dilatations or strictures of the intrahepatic bile duct 
and possible presence of debris, protein plugs, stones 
or stenosis of the papilla of Vater (fig. 11.5). For this 
exploration the following diagnostic means can be 
effectively used: intraoperative cholangiography and 
intraoperative endoscopy [8, 18]. 

Cholangiography should be performed separately for 
the intrahepatic duct and the distal common bile duct 
during the procedure of cyst excision. 

Endoscopy of the common channel, pancreatic duct 
and intrahepatic duct is performed using a pediatric 
cystoscope or a neonatal cystoscope. With irrigation, 
debris and protein plugs are washed out through the 
papilla of Vater following duodenotomy if necessary. 

The cystic form of choledochal cyst is the usual ty- 
pe of congenital biliary dilatation in newborns and 

young infants [19]. The content of large cysts is aspira- 
ted to facilitate dissection from the surrounding tis- 
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sues. In this age group complete excision is easier due 

to thin wall and few adhesions. The gallbladder is dis- 

sected. An incision close to the duodenum is carried 

out to prevent damage of possible anomalous opening 

or openings of the hepatic duct in the distal part of the 

cyst. The author has experienced a postoperative com- 

plication of bile peritonitis due to an anomalous ope- 

ning of an accessory bile duct in a baby girl who was 

subsequently reoperated by redoing the hepaticojeju- 

nostomy to include the accessory bile duct. After cir- 

cumferential dissection from the hepatic artery and 

vein, traction slings are passed around and the distal 

portion is dissected and excised at the level of distinct 

caliber change. If the cyst is of fusiform type, without 

distinct caliber change, excision should extend just 

above the pancreaticobiliary junction. 

The common channel is irrigated and the stump su- 

tured. When excision up to and above the level of pan- 

creaticobiliary junciton is difficult, mucosectomy of the 

distal part of the cyst is recommended in order to avoid 

injury to the hepatic artery, portal vein and pancreatic 

duct and protect from possible malignancy [20]. 

In patients with bile peritonitis or in neonates in 

poor condition, a staged procedure can be undertaken. 

Excision and hepaticojejunostomy is performed 1 or 2 

months after external biliary drainage or percutaneous 

drainage of the cyst [8]. 

In rare cases of dilatation of the intrahepatic bile 

duct and stricture at the hilum, segmentectomy or in- 

trahepatic cystoenterostomy and ductoplasty-cystojeju- 

noplasty are respectively recommended [21, 22]. In the 

rare anomaly of pancreaticobiliary maljunction with- 

out bile duct dilatation, presenting symtoms of pan- 

creatitis, excision of the extrahepatic biliary system 

and biliary reconstruction by Roux-en-Y hepaticojeju- 

nostomy is recommended [23]. 

begins with the gallbladder which is used for traction. 

The cyst is rotated for dissection from both sides. Up- 

ward dissection proceeds up to the proximal nar- 

rowing of the cyst. The hepatic duct is temporarily li- 

gated in two points in order to be transected between 

the two ties to prevent bile leakage. Dissection distally 

from the duodenum and pancreas is carried out using 

the hook. 

Interrupted stitches or clips are used to seal the di- 

stal end [27]. The Roux-en-Y limb is constructed extra- 

corporally using the dilated umbilical port wound. He- 

paticojejunostomy either end-to-end or end-to-side is 

carried out following placement of two cutaneous stay 

sutures which are placed on each corner of the poste- 

rior wall of the anastomosis. This part is closed with 

running suture and the anterior part with interrupted 
stitches. 

11.8. Postoperative Complications 

Postoperative follow-up of patients is essential due to 

their frequently prolonged elevation of serum alanine 

aminotransferase and possibility of residual intrahepa- 

tic dilatation [28]. 

Review of 200 children after cyst excision with he- 

paticojejunostomy showed that 9% developed compli- 

cations of cholangitis, intrahepatic bile duct stones, 

pancreatitis, intrapancreatic bile duct stones or pancre- 

atic duct stones [18]. The rate of complications was 4 
times lower than in adults. All were related to stone 

debris in the common channel and intrahepatic ducts, 

to protein plugs and strictures. Intraoperative endosco- 

py of the common channel, pancreatic duct and intra- 
hepatic duct to examine the ductal system for debris 

and stenosis, and irrigation to wash out the pathologi- 

cal material is recommended [22]. 

11.7. Laparoscopic Surgery 

Laparoscopic surgery for the excision of choledochal 

cyst in a 6-year old girl was reported by Farello et al in 

1995 [24]. Since then, a few authors have reported 

their cases [25, 26] and experience from larger series 

have been published [19, 27]. 
The patient positioning and port placement were 

described in the chapter of biliary atresia. Dissection 
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GALLSTONE DISEASE 

Kon. N. Birbas, I.G. Kaklamanos, G.N. Bonatsos 

12.1.  In t roduct ion - Prevalence and Incidence 

Most epidemiological studies, aimed at estimating gall- 

stone prevalence and incidence rates, do not represent 

the general population. Until recently, data were main- 

ly derived from autopsy studies (which were often 
subject to selection bias) and cholecystectomy rates 
(which fluctuate as much as fivefold between, different 

countries and periods of time) [1]. At present, accurate 
data from sonographic screening studies regarding 

prevalence of cholelithiasis, are available for Western 
Europe and US. The median prevalence ranges from 

5.9% (Chianciano, Italy) to 21.9% (Bergen, Norway) in 

European studies [2]. In US, the NHANES III study [3] 

indicated an age standardised prevalence of gallstones 

higher among Mexican Americans (8.9% and 26.7% in 
males and females respectively). 

In populations of Native American ancestry, the 

prevalence of gallstone disease is high (30-70%) and 
very high incidence of gallstones has also been repor- 
ted in certain ethnic groups like Pima-Indians in Arizo- 

na (more than 70% of Pima women over 25 years of 

age had gallstones or a history of cholecystectomy) 
and Mapuche Indians in Chile. In Santiago, Chile, gall- 
stone prevalence was found to be as high as 14.5% for 
males and 37.4% for females [1]. On the other hand, 
the lowest cholesterol gallstone prevalence rates (<5%) 
were recorded among Asian and African populations. 

In almost all sonographic surveys, gallstones are 
more frequent in women than in men and the majority 

of individuals were unaware of having gallstones. Gall- 

stones may remain silent (asymptomatic) for a certain 

period of time or they can produce biliary pain by 

transient obstruction of the cystic duct. Furthermore, 

complications related to cholelithiasis may develop in 

some individuals, namely acute cholecystitis (including 

hydrop and empyema of gallbladder), choledocholithia- 

sis with or without jaundice or cholangitis, gallstone 

pancreatitis, gallstone ileus, Bouveret's syndrome, and 

even gallbladder carcinoma. 

12.2.  Symptomat ic  Gallstones 

12.2.1.  Chronic Cholecysti t is 

In clinical practice, the term chronic cholecystitis is 
used in a dual mode. From the clinical point of view, 
chronic cholecystitis refers to ongoing or recurrent epi- 

sodes of short-term cystic duct obstruction, manife- 

sting with a variety of atypical symptoms with or with- 

out biliary colic caused by the spasm of cystic duct ob- 

struction. Over time, these recurrent episodes result in 

chronic inflammatory changes of the gallbladder wall: 
subepithelial and subserosal fibrosis, mononuclear cell 

infiltration and scarring. This chronic inflammatory 
process, which is not present in all patients with recur- 
rent biliary pain attacks, often leads to a nonfunctioning 

gallbladder and is also recognized histopathologicall 7 
as chronic cholecystitis. 

As many as one third of patients with gallstones 
will develop symptoms most of which (70-80%) will 
develop pain often labeled as biliar 7 colic [4, 5]. Bilia- 
ry colic is a misnomer, because the pain is not usually 

as intermmitent and spasmodic as the term suggests. 

Biliary pain has a sudden onset (often awakens the 
patient during the night) and increases in intensity 
over a 15 minutes interval to a plateau that can last 

from as long as many hours up to a day. The intensity 

of the pain is often so severe that the patient seeks im- 

mediate medical attention. 

The pain is usually located primarily in the epiga- 

strium and/or right upper quadrant. It is incorrect to 

interpret pain located in the epigastrium as non-biliary. 

Biliary pain frequently radiates to the right upper back, 
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right scapula, right shoulder or to the interscapular re- 

gion. Typically, the pain of biliary colic occurs after a 
fatty meal, although this connection is not reported by 
all patients. Such an association of pain with meals is 
present in only 50% of patients in whom the pain 
usually develops more than an hour after eating. In 
most patients, the pain is temporally only related to 
meals and generally begins at night. 

The duration of biliary pain is typically 1 to 5 hours. 
The episode rarely persists for less than one hour or 

more than 24 hours. Pain lasting beyond 24 hours sug- 

gests the presence of acute cholecystitis. The attacks 
are often so discrete and severe that the patient can 
accurately recall and enumerate them. They are usually 
less frequent than one episode per week with nausea 

and vomiting often accompaning each episode in 60 to 
70% of cases. Other dyspeptic symptoms such as bloa- 
ting, belching, abdominal discomfort and heartburn 

are also present in 50% of patients, but they are most 
likely unrelated to the gallstones themselves and fre- 

quently persist after surgery [6]. Fever and jaundice oc- 
cur much less frequently with simple biliary colic. 

The findings of a physical examination are usually 
completely normal in patients with chronic cholecysti- 
tis, particularly between pain attacks. During an episo- 
de of biliary pain, mild right upper quadrant tender- 
ness may be present. Liver function tests (LFTs) are al- 
so usually normal in patients with uncomplicated cho- 
lelithiasis. 

The diagnosis of symptomatic cholelithiasis is ba- 
sed on the sonographic examination of the gallbladder 
in selected patients with suggestive symptoms. Among 
symptoms and signs, a steady upper abdominal pain, 
radiating to the upper back, occurring at least one hour 
after fatty meals and lasting at least 30 minutes, is the 
most sensitive clinical indicator of cholelithiasis. The 
confirmation or exclusion of gallstone disease in pa- 

tients with symptoms attributable to gallstones is achie- 

ved by Ultrasonography which provides 95-98% sensi- 
tivity and specificity for the diagnosis of gallstones 

greater than 2 mm in diameter [7]. Ultrasonography 

also provides additional anatomic information on the 

presence of gallbladder polyps, common bile duct dia- 

meter, or any hepatic parenchymal abnormalities. 
Patients with symptomatic cholelithiasis are at sig- 

nificant risk of developing recurrent painful episodes 
and complications. Approximately, 6-8% (but in some 

series up to 36%)will experience recurrent pain attack(s) 

each year and 1-2% will present gallstone complications, 

although there is evidence that these figures may unde- 
restimate the real risk [8, 9]. The risk of acute cholecy- 

stitis is greater in patients with large solitary stones as 

is of biliary pancreatitis in those with multiple small 
stones (microlithiasis) or sludge. 

The treatment of choice for patients with sympto- 

matic cholelithiasis is elective laparoscopic cholecyste- 

ctomy (LC). Large series of patients undergoing electi- 

ve LC for chronic cholecystitis report a mortality rate 

of approximately 0.1% (8.6-16 deaths per 10,000 pa- 

tients) with cardiovascular complications being the most 

common cause of death [10]. The morbidity of the 

procedure is less than 10%, with iatrogenic injury to 
the biliary tract presenting an infrequent but often di- 

sastrous complication requiring long hospitalization, 

multiple reoperations, repeated invasive procedures 

and long stenting of the common bile duct (CBD). The 

incidence of CBD injury ranges from 1/160 to 1/320 

LCs, in most clinical series [10]. Conversion to laparo- 

tomy is necessary in less than 5% of patients with the 

elderly, obese, male and those with periumbilical scars 

from previous laparotomies being at greater risk. 

The long-term results of laparoscopic cholecyste- 

ctomy in appropriately selected patients with chronic 
cholecystitis are excellent. Nearly 90% of patients with 

typical biliary pain are rendered symptom-free after 

cholecystectomy. However, persistent dyspeptic sym- 
ptoms (fatty food intolerance, flatulence, belching or 
bloating) frequently occur following cholecystectomy, 

especially in patients with evidence of significant psy- 
chological distress and a prolonged history of such 

symptoms prior to surgery [11]. 

12.2.2. Acute Cholecystit is  

Acute calculous cholecystitis is the distinctive clinico- 

pathological entity characterized by acute inflamma- 

tion of the gallbladder caused by the obstruction of the 

Hartmann's pouch or cystic duct comprising impacted 

gallstones or biliary sludge. The inflammation of the 

gallbladder wall is chemical, at least during the early 

phase. The increase of intraluminal pressure and the 

presence of supersaturated bile along with trauma to 

the mucosa caused by the gallstone, trigger an acute in- 

flammatory response. Following this early phase, 20- 
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50% of patients manifest a proliferation of aerobic 
enteric bacteria, and occasionally anaerobes, resulting 
in secondary bacterial infection of the organ. 

Microscopic features of the disease include necrosis 
of mucosa, edema and hemorrhages in the gallbladder 
wall. The gallbladder is distended, tense and vascular. 

Planes along gastrohepatic omentum can be edematous 

after 24-48 hours and adhesions of omentum (and pro- 
bably of duodenum) to the distended gallbladder can 
be perceived as palpable mass. The course of the in- 
flammatory process depends on the degree and the 
duration of obstruction, the severity of bacterial attack, 
the age of the patient and the concurrence of accom- 
panying diseases. 

Patients with acute calculous cholecystitis may have 
a history of episodic biliary pain attacks or they may 

have hitherto been asymptomatic. Clinical diagnosis is 

based on the presence of symptoms and signs sugge- 
stive of localized peritonitis in the right upper abdomi- 
nal quadrant. The presence of three features, namely: 
(1) constant biliary pain lasting for at least 12 hours, 

(2) tenderness in the right upper quadrant (with or 
without Murphy's sign and with or without a palpable 
mass) and (3) inflammatory response (fever, leucocy- 
tosis) implicates the diagnosis and requires ultrasound 
scanning to confirm or exclude acute cholecystitis. 

Ultrasonography is the initial imaging modality of 
choice for the evaluation of acute pain in the right up- 
per quadrant [7]. Typical sonographic findings include 
a distended gallbladder with edematous wall, pericho- 
lecystic fluid (or even abscess), elicitation of Murphy's 
sign during examination and presence of gallstones of- 
ten impacted in gallbladder outlet. Ultrasonography 
also permits an accurate diagnosis of other underlying 
causes of a patient's symptomatology, including hepa- 
tic, renal, pancreatic, adrenal and even pulmonary pro- 
blems. At the present time, a firm diagnosis of acute 
calculous cholecystitis can be established in 90% of pa- 
tients with suggestive symptoms based on the clinical 

and sonographic findings. 

In the remaining uncertain cases, radionuclide cho- 
lescintigraphy (hydroxyiminodiacetic acid (HIDA) scan), 

having sensitivity and specificity rates of (0.97 and 

0.90), is the best able to confirm or rt~le out the pre- 
sence of acute cholecystitis (within 4 hours or 30 mi- 
nutes, respectively). However, contrast-enhanced CT 

is the most often preferred complementary to US ima- 

ging modality, being especially valuable in the assess- 
ment of acute cholecystitis complications, in particular 
emphysematous cholecystitis and perforation of gall- 

bladder [ 12]. 
Patients with acute cholecystitis (10-15%) may have 

mild jaundice (serum concentrations of bilirubin up to 

4 mg/dl). Although the pathologic basis of this finding 

is unclear, it is attributed either to edema and inflam- 
mation spread along the hepatoduodenal ligament re- 
suiting in functional disturbances of bile flow, or to di- 
rect compression of bile duct by the distended gallblad- 
der. Concentrations of bilirubin of more than 4 mg/dl 
suggest a diagnosis of choledocholithiasis or Mirizzi's 
syndrome (compression of the common hepatic duct 
by an impacted gallstone in Hartmann's pouch) [13]. 

All patients with suspected acute cholecystitis should 

be referred to hospital. Acute cholecystitis in the majo- 
rity of patients subsides spontaneously or responds to 
conservative frontline medical treatment. In approxi- 
mately 10-20 percent of patients, acute cholecystitis 

progresses to the local complications of empyema for- 
mation with or without gangrene, or perforation with 
the formation of a pericholecystic abcess. Perforation 
most often occurs at the fundus of the gallbladder, in 
elderly patients having a history of cardiovascular di- 

sease, due to compromise of vascular supply [14]. 

Acute free perforation of the gallbladder and generali- 
zed biliary peritonitis is an uncommon complication. 
Features suggesting the presence of complications of 
acute cholecystitis include deterioration of the patient's 

condition (perpetual pain, persistent pyrexia/hyperpy- 
rexia, leucocytosis exceeding 15,000 leucocytes/ml), 
signs of generalized peritonitis and imaging findings of 
emphysematous cholecystitis. Patients with free perfo- 
ration of the inflamed gallbladder, usually develop pe- 
ritonitis after a transient relief of their symptoms and 
seek medical attention after some delay. They need 
urgent surgical intervention, associated with a mortali- 
ty of 30% [15]. Patients with localized perforation of 

gallbladder or empyema with or without gangrene need 

also emergency surgery, preferably laparoscopic chole- 
cystectomy. 

Localized perforation of the gallbladder rarely results 

in the formation of internal fistulae by adhesion and 

erosion of the other parts of gastrointestinal tract or 

extrahepatic bilary tree. Most common sites of chole- 
cystoenteric fistulae are the adjacent duodenum and 
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less frequently the hepatic flexure of the colon. Perfo- 

ration and evacuation of gallbladder septic contents in- 

to the intestinal lumen usually result to decompression 

of the gallbladder and resolution of cholecystitis. Diag- 

nosis can be established preoperatively recognizing 

pneumobilia (air in the biliary tree) on plain abdomi- 

nal radiographs, but most often, only intraoperative 

suspicion based on severe inflammatory findings and 

cholangiography can document the presence of such a 
pathologic communication. 

A large gallstone dislodged to the duodenum may 
pass through the intestinal tract up to the terminal ileum 

where it can be impacted causing acute intestinal ob- 

struction (gallstone ileus). The presence of pneumobi- 

lia, gallstones in uncommon sites and air-fluid levels 

on abdominal radiographs of elderly patients with no 

obvious cause for intestinal obstruction should raise a 

strong suspicion of gallstone ileus. It is interesting that 

most patients with gallstone ileus do not report a histo- 
ry of acute cholecystitis. The condition requires emer- 

gency surgery. High mortality (20%) is attributed either 
to delayed medical attention or to accompanying me- 
dical diseases. 

Mirrizi's syndrome (fig. 12.1a, 12.1b) is a distinct 
clinical entity, representing the sequel of persistent or 

recurrent episodes of acute cholecystitis. The syndro- 

me, described by Mirizzi in 1948, characterizes the 

presence of obstructive jaundice in patients with impa- 

cted gallstones in the Hartmann's pouch. Recurrent 

inflammation of the distended gallbladder results in 
the compression of the common hepatic duct by the 
tense Hartmann's pouch. Progressively, this may lead 
to erosion of the gallbladder and common hepatic duct 
wall by the impacted stone, resulting in the formation 
of a fistula. Diagnosis of the syndrome is based on the 

pre-operative evaluation of biliary tree by Endoscopic 

Retrograde Cholangiopancreatography (ERCP) in jaun- 

diced patients. Although ERCP cannot often document 

the presence of a fistula, indirect signs (lateral filling 

gap of the common hepatic duct and central dilation of 

the biliary tree) establish a strong suspicion of the 

syndrome. Operative management of patients with 

Mirizzi's syndrome, especially if a fistula is present, is a 

real surgical challenge. Although successful attempts of 

laparoscopic management have been reported, conver- 

sion to laparotomy is most commonly required, with 

no less technical difficulties and significant mortality 

i 
/ 

a 

Fig. 12.1. Mirizzi's syndrome type I (a) and type II (b). 

(see also about Mirizzi's syndrome in: Other Benign 
Biliary Diseases and Lesions ). 

12.2.3. Choledochol i thiasis  

Choledocholithiasis occurs either as a primary forma- 

tion of stones in the CBD or migration of gallstones 
from the gallbladder through the cystic duct. Seconda- 
ry choledocholithiasis is much more common, al- 
though there is an ongoing debate regarding the true 

incidence of common bile duct stones in patients with 

concurrent cholelithiasis. Migration to the CBD invol- 
ves relatively small caliber stones and a dilated cystic 
duct. However, migratory stones into the CBD may 

subsequently enlarge as the result of deposition of pig- 

ments and debris on their surface. In this case, the sto- 
ne receives the shape of duct but on section the small, 
hard, faceted calculus is recognized in its core. The ori- 
gin of CBD stones is represented in their chemical 
composition. Migratory stones from the gallbladder 
are cholesterol stones composed mainly of cholesterol. 
Primary lithiasis of CBD necessitates the presence of 
one or more of the following factors predisposing the 
in situ formation of sludge as lithogenic core. As far 

back as 1923, Ascoff had recognized biliary stasis as 

the principal contributing factor resulting in the forma- 

tion of "brownish yellow, 'earthy', soft, frequently la- 

minated and easily crushed CBD stones". Presence of 

bacteria in the bile (bactibilia), increases bilirubin 

excretion (as in congenital hemolytic anaemias), with 
chemical imbalances also being predisposing factors of 

primary choledocholithiasis. Increased incidence of 

CBD stones among Asian populations is attributed to 

bile stasis and suppurative cholangitis caused by Asca- 

ris lumbricoides and Clonorchis sinensis. 
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The incidence of choledocholithiasis among pa- 

tients diagnosed with cholelithiasis ranges from 8-16 
per cent, rising to 25-50 % in patients older than 60 
years [16]. In autopsy series of individuals over 60 
years of age who had died from unrelated causes, the 

incidence of CBD stones is approximately 1% [17]. The 
incidence is estimated to be even higher among Asian 
populations. The majority of individuals with CBD sto- 
nes remain asymptomatic for unpredictable periods of 
time. During diagnostic workup and therapeutic 

management, the presence of silent hitherto CBD sto- 

nes is revealed in 5-7% of patients with cholelithiasis. 
It is also well documented that CBD stones may re- 
main silent (asymptomatic and unsuspected through 

LFTs and Ultrasonography) or may spontaneously pass 
through Vater's ampulla to the duodenum [16]. 

In symptomatic patients, CBD stones cause partial 
or complete obstruction of the biliary tract. Pain is the 
most common symptom; located in the right pper 
abdominal quadrant or the epigastrium, it is transient, 
intermittent, moderately severe and can also be accom- 
panied by nausea and vomiting. The pain caused by 
CBD obstruction cannot be differentiated from biliary 

pain caused by stones in the gallbladder. The obstru- 
ction of the biliary tract results in the reflux of conjuga- 
ted bilirubin to the bloodstream in proportion to the 
degree of obstruction. If the obstruction is significant, 
the patient becomes jaundiced dark-colored urine with 
or without clay-colored or light stools being reported 
in most patients. Pruritus usually accompanies long- 
standing jaundice and is more intense on the extremi- 
ties. In the unjaundiced patient, raises levels of LFTs 

(especially of alkaline phosphatase and y-glutidyltrans- 
ferase of serum) and / or the dilation of CBD in Ultra- 
sonography suggest a partial and intermitted obstru- 
ction. The increase in serum bilirubin which accompa- 
nies the pain caused by the obstruction rarely exceeds 
10 mg/dl and returns to normal values when the ob- 
struction is relieved. On the contrary, alkaline phos- 
phatase and y-GT levels may persist for many weeks 
after the relief of the obstruction. 

In unjaundiced patients with choledocholithiasis, 

physical examination is usually unrevealing. The pre- 

sence of right upper quadrant pain, jaundice and fever 

accompanied by chills (classic Charcot's triad) establi- 

shes the diagnosis of acute cholangitis and indicates 

the obstruction of the biliary tract (due to calculi or 

other causes) complicated by bacterial inflammation. 

The complete triad of symptoms is present in only 
70% of cases, with fever being the most constant sym- 
ptom (in 92% of patients) [18]. The severity of the at- 

tack ranges from a mild self-limiting illness to septic 

shock (observed in 5% of patients), and depends on 

the degree, the duration of the obstruction and the ba- 
cterial load. The clinical presentation of the Charcot's 

tr iad,  along with septic shock and mental symptoms 

(apathy, confusion) indicates acute suppurative cholan- 

gitis and requires urgent decompression of CBD. The 

diagnosis is often missed despite the distinctive diag- 

nostic pentad (Raynauld's pentad) because the manife- 

stations of sepsis often overshadow those of biliary di- 

sease. 
Imaging is difficult as ultrasonography and CT scan 

are insensitive to the search of stones in CBD [19]. 
MRCP and ERCP may be indicated depending on the 

centre's preference and experience regarding manage- 

ment of cholelithiasis with concurrent choledocholi- 

thiasis, availability of equipment and expertise, patient's 

clinical presentation and suspected underlying cause. 

Complications of choledocholithiasis include acute 

gallstone pancreatitis, acute ascending cholangitis, bi- 

liary strictures and biliary fistulae. Long-standing du- 

ctal infection can produce intrahepatic abscesses, he- 
patic failure and secondary biliary cirrhosis. 

12.2.4. Biliary Pancreatitis 

The etiologic role of gallstones in the pathogenesis of 

acute pancreatitis was initially suggested by Opie, when 

he documented a gallstone impacted in Vater's ampul- 
la during the autopsy of a patient who had died of 

pancreatitis. Among patients with gallstones, 4-8% will 
present acute pancreatitis. In patients with multiple 

calculi less than 3 mm in diameter (microlithiasis) the 
risk escalates to 30%. 

Gallstones are responsible for 50% of all cases of 
pancreatitis. Most patients with gallstone pancreatitis 

have a mild clinical course and laparoscopic cholecy- 

stectomy has been proved safe and cost-effective in 

these patients when performed during their initial ad- 

mission, after clinical resolution and normalization of 

liver function tests [20]. This approach has gradually 

replaced delayed cholecystectomy (up to 8 weeks after 

the acute episode) in the majority of patients with mild 
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pancreatitis, eliminating the need for a second hospita- 

lization and the risk ( as high as 35-61% during the 
following three months) of a recurrent attack [21]. 

12.3. Preoperative Management of Gallstone 
Disease 

Assessment of the patient's general condition and ane- 

sthesia risk factors is crucial to the perioperative ma- 

nagement of the patient. Equally important for the pa- 

tient with gallstones is the attribution of atypical sym- 

ptoms to gallstones or other possible causes, as they 
tend to persist after cholecystectomy. 

Prior to surgery, all candidates for laparoscopic 
cholecystectomy should be thoroughly informed about 

the operation and its potential complications. It is 

important to make clear that while every effort will be 
made to perform the procedure laparoscopically, it 

cannot be guaranteed, and the decision to convert to 

laparotomy must be left to the surgeon, at the time of 

surgery. The patient should also be informed about the 

results of preoperative investigations and possible sus- 
picion of concurrent choledocholithiasis. If operative 
cholangiography is to be performed, alternative options 

regarding exploration of the common bile duct (CBD) 
and postoperative ERCP should be discussed in detail. 
The patient should also be told about the expected 

speediness of recovery and both the patient and relati- 

ves should be reassured that early mobilization is both 
beneficial and encouraged. Overprotective environ- 

ments tend to delay the patient's recovery and their re- 
turn to normal activity. 

It is highly recommended that every laparoscopic 
procedure be recorded on videotape or DVD format. 
As this valuable documentation contains long periods 
of irrelevant material, requiring lengthy explanation of 

no actual value to the patient, we do not encourage 

patient's access to copies of these video files. 

The routine preoperative investigations have been 

completed, 1-2 days prior to surgery. The patient is ad- 

mitted to hospital the same morning of surgery. After 

admission to the ward, the patient is shaved from nip- 

ples to well under the umbilicus. The patient is then 
asked to void urine immediately prior to surgery. Ca- 

theterization of the bladder at the beginning of opera- 

tion is not recommended as duration of the operation 

rarely exceeds three hours and bladder is at risk only 

during the initial phase, when the Veress needle is 

blindly inserted into the peritoneal cavity. 

Although the routine injection of low molecular 
weight heparin (LMWH) is under debate, its selective 

administration in high risk patients is widely accepted 

[22]. The use of antithrombotic stockings during surge- 

ry and early mobilization are highly recommended to 

all patients. 

During introduction to anesthesia, we administer 2 

gr. of a second generation cephalosporine intravenou- 

sly. We routinely continue chemotherapy (cephalospo- 

rine in combination with metronidazole), only when 

(a) acute cholecystitis is present (b) immunosuppre- 

sion is present, or (c) spillage of bile and/or stones oc- 

curred during the operation. 

12.3.1.  N o n - O p e r a t i v e  T r e a t m e n t  
for  G a l l s t o n e s  

Admirand and Small documented the relevance of 

cholesterol saturation to cholesterol gallstone disease, 

in 1968, implying that supersaturation of bile with bile 
acids would succeed in dissolving cholesterol stones. 

Gallstone resolution with chenodeoxycholic acid was 

first reported in 1972, and since then, many further 

studies have confirmed the therapeutic effect of the 

naturally occurring substance of bile. However, results 

during the 1980's were quite disappointing. As Perissat 

mentions in an editorial devoted to Minimally Invasive 

Surgery "... hope was great, and so was the ensuing 

disappointment" [23]. The National Co-Operative Gall- 

stone Study involving 916 selected patients receiving 
chenodeoxycholate for up to 2 years, revealed com- 

plete gallstone dissolution in only 13.5% of patients [24]. 

The only other agent with a conclusively documen- 

ted efficacy in the dissolution of gallstones is ursode- 

oxycholic acid. The more expensive ursodeoxycholate 

is given in a lower dose, causes fewer side effects 

(mainly diarrhea) and does not increase low-density 

lipoprotein [25]. In a recent study involving 154 sele- 

cted symptomatic patients, no substantial difference in 

efficacy was noted between combined chenodeoxy- 

cholic acid with ursodeoxycholic acid and ursodeoxy- 

cholic acid alone. The mean dissolution rate after one 

year treatment was 59% [26]. 

Pre-requisites for the dissolution treatment are: (1) 
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radiolucent stones, (2) stones no greater than 20 mm 
in diameter (3) a functioning gallbladder. Among pa- 
tients with symptomatic cholelithiasis, only a small 

percentage (3-25%) would benefit from bile acid the- 

rapy and up to 50% of those patients with proven dis- 

solution, can expect a recurrence of gallstones, during 

the next five years. At present, bile acid therapy is in- 

dicated only for patients unfit or unwilling to undergo 

surgery [27]. 
After the disappointment of dissolution treatment 

and the successful application of Extracorporeal Shock 
Wave Lithotripsy (ESWL) in Urology, there was in the 

mid 1980' saw an interest in the use of lithotripsy in 
gallstone management. ESWL shatters the stone into 

small fragments that can either be dissolved more qui- 

ckly using dissolution treatment with ursodeoxychola- 

te or may pass spontaneously into the intestine. Analy- 

sis of stone fragments in the feces of patients who had 

undergone ESWL showed that 3 mm fragments can 

pass to the intestine without causing symptoms. 
The largest published study (711 patients) of ESWL 

combined with ursodeoxycholate therapy confirmed 
that 68% and 84% of patients with radiolucent solitary 
gallstones less than 20 mm in diameter, were stone 
free 6 and 12 months respectively after treatment [28]. 

Another study, demonstrated that following successful 

therapy of ESWL combined with bile acid, stone re- 

currence was reported to be 7% after 1 year increasing 

to 31% at 5 years [29]. The ESWL procedure requires 
administration of propofol anaesthesia i.v., on an out- 

patient basis. Complications are minimal (petechiae, 

transient hematuria, liver hematoma) but almost half of 

the patients experience one or more episodes of bilia- 
ry pain. Furthermore, biliary pancreatitis can develop 
in 1-2% of the patients. Urgent or elective cholecyste- 

ctomy has to be performed in 3-7% of patients. 
Dissolution and ESWL treatment for gallstone di- 

sease are less cost-effective than laparoscopic chole- 
cystectomy and should only be recommended in (1) 

elderly patients with symptomatic cholelithiasis unfit 

to receive general anesthesia and (2) patients with 

symptomatic cholelithiasis actively refusing to undergo 

operative treatment if they have noncalcified, solitary 

gallstones, no greater than 2 cm in diameter. 

12.3.2.  Operat ive  Treatment  for Gallstones 

12.3 .2 .1 .  Laparoscopic Cholecystectomy 

The treatment of symptomatic cholelithiasis has been 

operative since 1882 when Langenbuch performed the 

first successful cholecystectomy in Berlin. Today, lapa- 

roscopic cholecystectomy is the gold standard of treat- 

ment compared to the open procedure offering redu- 

ced hospital stay, rapid mobilization, excellent cosme- 

sis, rare wound complications and rapid return to nor- 

mal lifestyle. 
In the early years of laparoscopic surgery, the me- 

dia focused on this novel, minimally invasive techni- 

que with the aura of applied new technology in the 

operating room and widely promoted (along with 

companies actively involved in the production of the 

necessary equipment and instruments) this new con- 

cept among candidate patients [30]. However, almost 

concurrently, a tide of disastrous complications during 

LC was recorded, namely iatrogenic injuries of the 

CBD. Although the specific complication was not un- 

known in the era of open cholecystectomy (0.2-0.3%), 

its incidence in the early series of LCs was as high as 

2.2% [31]. 
This early unacceptable incidence of CBD injury 

attributed either to inadequate training or to inherent 

difficulties relating to the nature of the procedure, mo- 

tivated surgical societies to establish integrated laparo- 

scopic curricula for the training of junior surgeons. To- 

day, residents in surgery have minimal exposure to 

open cholecystectomy due to the fact that the majority 

of cholecystectomies are performed laparoscopically. 
In 1995, 90% of the cholecystectomies in USA were 
performed through the laparoscope and this percenta- 

ge may be even higher in Western Europe. 

Indications 

During the 1990s, the number of cholecystectomies 

performed in USA and Europe has increased by 30%, 

although the indications for the removal of gallbladder 

had not changed. This paradox may be either the result 

of the lower threshold of patients (and possibly refer- 

ring doctors) undergoing laparoscopic treatment or the 

result of a versatile application according to patient's 

needs. 
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Patients with Gallstones and Suggestive Symptoms 

The presence of symptoms or complications of gallsto- 
nes is the absolute indication of laparoscopic cholecy- 
stectomy. However, atypical dyspeptic symptoms (bloa- 
ting, belching, abdominal discomfort and heartburn) 
are present in 50% of patients with cholelithiasis and 
should be explored carefully as they are probably unre- 
lated to gallstones themselves and frequently persist 
after surgery. 

Patients with Gallstones Without Symptoms 

The majority of individuals (60-80%) with gallstones 
are asymptomatic at the time of diagnosis and most of 
them will remain asymptomatic during their lifetime 
[32]. Given the low relative risk of asymptomatic pa- 
tients developing symptoms (2-4% per year) and the 
even lower relative risk of the first clinical manifesta- 
tion of hitherto silent gallstones presenting complica- 
tion, no specific treatment is indicated for asympto- 
matic patients [32]. However, decision analysis models 
support that prophylactic cholecystectomy in selected 
patient groups (such as asymptomatic young adults 
with cholelithiasis) prolongs life expectancy by more 
than three months. Although, according to the pre- 
vious decision analysis models, all asymptomatic pa- 
tients would benefit from prophylactic cholecystecto- 
my as far as biliary pain and gallbladder carcinoma 
(1/1000 patients with gallstones per year) are concer- 
ned, adoption of such a policy would exhaust health- 
care resources. Given the current CBD injury inciden- 
ce, such an "open-to-all" policy is not justifiable. 

Conclusively, prophylactic laparoscopic cholecyste- 
ctomy in asymptomatic patients is not indicated except 
(a) in children and (b) in young women who are at in- 
creased risk of presenting symptoms during a future 
pregnancy. Elective laparoscopic cholecystectomy is al- 

so indicated in asymptomatic patients who are candida- 
tes for organ transplantation in order to avoid possible fu- 

ture biliary complications under immunosupression [32]. 
Patient groups with asymptomatic gallstones, at 

high risk of gallbladder carcinoma, would also benefit 
from prophylactic laparoscopic cholecystectomy: 

(i) Patients with porcelanoid gallbladder: the estima- 
ted incidence of carcinoma is up to 25%. 

(ii) Patients with stones greater than 3 cm in diame- 
ter, as they present a tenfold risk of malignancy 

compared with the general population of patients 
with gallstones. 

(iii) Patients with gallstones and gallbladder polyps 
exceeding 10 mm in diameter. If the diameter of 
gallbladder polyp transcends 18 mm, open chole- 
cystectomy is indicated because of the significant 
increase in gallbladder carcinoma incidence. 

(iv) Patients with anomalous pancreatobiliary junction. 
(v) Carriers of Salmonella typhosa. 

Finally, candidates for laparoscopic cholecystectomy 
include asymptomatic patients living in remote areas, 
without standard access to healthcare services. 

Patients Without Gallstones but with Suggestive 
Symptoms 

Chronic acalculous cholecystitis is a heterogeneous cli- 
nical syndrome characterized by typical biliary attacks 
in patients without cholelithiasis. The clinical condi- 
tion of patients between attacks is excellent. Possible 
causes of this syndrome include presence of biliary 
sludge into the gallbladder, presence of cholesterol 
crystals in the bile, and gallbladder motility disorders. 
Laparoscopic cholecystectomy improves the clinical 
course of selected patients with gallbladder dyskinesia 
but the symptoms persist in more than 50% of the 
remaining patients [34]. Detailed selection of patients 
is based on motility studies of gallbladder cholecysto- 
kinin cholecystoscintigraphy) and a microscopic study 
of bile collected during ERCP. 

Con traindications 

The main absolute contraindication for LC is the poor 
condition of the patient not permitting administration 
of general anesthesia. Under these circumstances, open 
cholecystectomy is also contraindicated. If the anesthe- 
tic risk is unacceptably high, in patients with acute 

cholecystitis resistant to medical therapy, percutaneous 
cholecystostomy under local anaesthesia can control 
biliary sepsis. 

A diagnosed or highly suspected gallbladder carci- 
noma in a patient with gallstones is yet another absolu- 
te contraindication for LC. However, it should be men- 
tioned that localized gallbladder carcinoma is a rare 
malignancy most often diagnosed either intraoperati- 
vely or postoperatively, in the histopathological exami- 

nation of the specimen. 
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Several contraindications to LC, widely accepted 

when the technique was originally introduced have 

either remained as such or have become primary indi- 
cations for the specific procedure. For example, LC in 

patients with acute cholecystitis, jaundice, and obesity 
in whom the laparoscopic approach was initially cont- 
raindicated, turns out to be surprisingly easy, affording 
a smooth, uneventful recovery. Uncontrolled coagulo- 
pathy, and liver cirrhosis stage Child IV, are two of the 
few current contraindications for LC. 

Technique [35] 

The operative ports may be inserted in a variety of or- 

ders and positions. In our practice, two 10 mm ports 
are inserted across linea alba, at subumbilical and sub- 

xiphoid locations and two 5mm ports at subcostal area, 
across anterior axillary amd midclavicular lines. After 
an initial laparoscopy is carried out, the patient is rota- 
ted to the left and in deep anti-Trendelunburg posi- 

tion. The gallbladder is visualized and the fundus is 

grasped and pushed up to the right shoulder. Other for- 

ceps are used to grasp the Hartmann's pouch retracting 

it outwards to the anterior iliac spine. With the combi- 

ned maneuver of grasping forceps the hepatocystic 

triangle is displayed vertically to optical axis (fig. 12.2). 

Adhesion to the gallbladder can be detached by 
blunt dissection if slight or alternatively divided with 
scissors and diathermy. Once the Hartmann's pouch is 

separated from the adjacent organs, the peritoneum 

wall is opened, close to the gallbladder wall and for as 

long as is possible, on both sides (fig. 12.3). When the 

neck of the gallbladder is fully mobilized and the 

peritoneum has been opened, dissection of the cystic 

pedicle continues superficially, close to the gallbladder 

wall, through division of strands on and around the 

possible cystic duct. After the identification of the cy- 

stic duct, the dissection is continued with mobilization 

of its posterior aspect with fine pointed atraumatic 

graspers, avoiding accidental injury to cystic artery which 

may run quite closely. 

If it is preferable to dissect the cystic artery early in 

the operation as it permits easier manipulation of cy- 

stic duct. If the artery is dissected close to gallbladder 

wall, the anterior and posterior branches have to be di- 

vided separately. The lymph node adjacent to cystic 

duct is a useful and relatively stable anatomical land- 

mark which provides useful confirmation regarding 

the level of surgical dissection. The cystic artery is usual- 

ly located behind the lymph node in close proximity to 

the posterior aspect of cystic duct. 

Once the cystic artery and the cystic duct have been 

clearly dissected, they are both identified running 

across the window between the cystic duct and the 

liver (fig. 12.4). The surgeon confirms the identity of 

the mobilized structure, once certain that this duct is in 

direct continuity with the neck of the gallbladder. Should 

Fig. 12.2. The combined maneuver of grasping forceps expose the 
hepatocystic triangle to optical axis. 

Fig. 12.3. The plane of surgical dissection is kept close to the gall- 
bladder wall in both sides. 
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Fig. 12.4. The cystic duct and the cystic artery are safely identified 
as the only structures running across the window formed by the ne- 
ck of the gallbladder and the liver. 

there be any doubt, dissection continues towards the 

gallbladder. Only when the identity of cystic duct has 

been confirmed, are clips applied and the structures 
divided. 

After clipping and division, the gallbladder is held 

on the stretch by the two grasping forceps, one in the 

fundus the other on the detached neck. The dissection 
of the gallbladder from the liver bed starts at the gallblad- 
der neck and proceeds along a definite plane towards 
the fundus, keeping in the loose fibrous layer and avoi- 
ding injuries both to the gallbladder and liver paren- 

chyma. The dissection is usually carried out with scis- 
sors applying diathermy and is straightforward in pa- 
tients with a non-inflamed, functioning gallbladder. 
Any vessels recognized under the serosa are coagula- 

ted or clipped if small biliary branches are suspected. 
Once the dissection is complete, the organ is left under 
the umbilicus and thorough hemostasis is performed. 
Irrigation and drainage of subhepatic space is not ne- 
cessary unless spillage of bile, stones or debris has oc- 
curred. The lateral 5mm trocars are removed and the 

peritoneal surfaces of the stab wounds are inspected 

for bleeding, under minimal abdominal pressure. 

The specimen is extracted through the umbilical in- 

cision under direct laparoscopic visualization through 

the camera inserted via the subxiphoid port. If the gall- 

bladder is bulky or has a large stone load, the umbilical 

incision is extended across midline using the canula as 
a protecting guide. Once the incision seems adequate, 

the gallbladder and the canula are removed en masse 
through the abdominal wall. The extension of umbili- 

cal incision does not have any adverse effect on the 

patient's recovery. 

After the successful extraction of the specimen, the 

linea alba is closed and the pneumoperitoneum is re- 

stored under minimal abdominal pressure. The laparo- 

scope is reinserted through the subxiphoid port and 

the liver bed, subhepatic space and peritoneal surfaces 

of all port sites are vigorously inspected. The camera is 

removed and the remaining subxiphoid trocar is used 

for abdominal desufflation and then gradually remo- 

ved under direct vision to ensure that there is no abdo- 

minal wall bleeding. All the wounds are sutured using 

subcuticular absorbable sutures. 

Results 

Laparoscopic cholecystectomy was the first surgical 

procedure to gain wide acceptance among patients 

and doctors, for reasons quite different from improve- 

ment in morbidity and mortality. The dramatic redu- 

ction of postoperative pain and hospital stay (one day 

compared to 4-6 days for Open Cholecystectomy, 

OC), the rapid return to normal activity (1-2 weeks in- 

stead of 4-6 weeks for OC) and the minimal inter- 

vention o lifestyle were initially appreciated more by 

patients than physicians. Surgeons were principally 

focused on securing these advantages combined with 

the safety and effectiveness achieved after more than a 

century of experience with open cholecystectomy. 

In published series of patients undergoing LC, 
morbidity ranges from 1.6 to 10% [10]. Undoubtedly, 

pulmonary and wound complications are much less 

compared to open surgery. Common bile duct injury is 

the most serious postoperative complication but most 

of the incidents are preventable and not necessarily 
inherent to the laparoscopic procedure. Mortality is re- 

ported up to 0.1%, with the majority of deaths caused 

by myocardial infarction or cerebrovascular accidents 

in patients above the age of 65 years. Reports of deaths 

from pulmonary embolism have been rising in fre- 

quency. Although early mobilization and rapid return 

to full activity is encouraged by diminished postopera- 

tive pain, an early discharge may leave silent calf vein 

thromboses undiagnosed. 

Laparoscopic cholecystectomy is the procedure of 

choice for the vast majority of candidates for cholecy- 

stectomy. However, in 2-5% of them, the laparoscopic 
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procedure is converted to laparotomy [10]. Conversion 
may be either forced due to intraoperative bleeding or 
other iatrogenic complication (intestinal, common bile 
duct injury) or elective when the surgeon encounters 
an unacceptable risk in proceeding with dissection at 
the hepatocystic triangle due to inflammatory tissue 
changes. 

Compfications 

Common Bile Duct Injury (CBDI) 

Iatrogenic injury of biliary tree is the least frequent 
complication but it is often described as a real cata- 
strophe (fig. 12.5a, b, c, d). The incidence of CBDI ran- 

Fig. 12.5. Normal anatomy (a) and common Patterns of common 
bile duct injury (b, c, d) during laparoscopic cholecystectomy. 

ges in most published series from 0.36 to 0.47%, which 
is considerably higher than its historic incidence in 
published series of open cholecystectomy (0.19-0.29%) 
[10]. Moreover, it is widely accepted that the above 
incidence figure is likely to be underestimated since 

up to 30% of injuries manifest months or even years 
after the operation. The prognosis of CBDI, often dra- 

matically compared to that of malignant disease, is sha- 
ped by frequent re-operations, long stenting of CBD, 
long hospitalization, and mortality as high as 10%. 

Based on our personal experience [35], of more than 
5000 successful LCs without CBDI, we believe that this 
specific complication does not represent an unavoida- 
ble adverse effect. 

Bleeding 

Intraoperative hemorrhage occurs either during disse- 

ction of the cystic pedicle or when the gallbladder is 
dissected off the liver and is the commonest cause for 
enforced conversion to laparotomy (1-2%). In most ca- 
ses, laparoscopic control of the bleeding is achieved if 
visual access to the operative field is maintained, gras- 
ping the spurting vessel or compressing the bleeding 
liver parenchyma. Blind clamping or aggressive ele- 
ctrocoagulation must be avoided at all costs. 

Postoperative hemorrhage is most commonly due 
to either liver lacerations or the peritoneal surfaces of 

port sites. If the bleeding requires surgical interven- 

tion, re-laparoscopy is often adequate for providing 
prompt identification and control of the bleeding 
point. 

Bile Leakage 

Postoperative bile leakage is the commonest (0.5-2%) 
complication of LC requiring prolongation of hospital 
stay. It is presented either early as bile drainage through 
the tube placed intraoperatively, or later as bile colle- 
ction in subhepatic space, often several days after pa- 

tient's discharge. In the latter case, percutaneous gui- 

ded catheterization of the bile collection is required. 

The severity, prognosis and treatment of this com- 

plication depends on the extravasation site along the 
biliary tree. Possible sites and causes include (a) iatro- 

genic common bile duct injury, (b) the slipping of the 
cystic duct stump clips, and (c) injury of the intrahepa- 

tic biliary duct during dissection of the gallbladder off 
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Fig. 12.6. Possible bile extravasation sites in patient with postope- 
rative bile leakage: common bile duct injury (a), cystic duct stump 
(b), accessory bile duct (c). 

the liver bed (fig. 12.6). All postoperative bile leakages 
require investigation, especially when the leakage per- 
sists for more than three days or the daily output is 

more than 500 ml ("major bile leak") [36]. The prin- 
cipal aims of investigation are (a) the precise identifi- 

cation of bile extravasation site and (b) the exclusion 
of common bile duct injury. This can only be achieved 

by ERC. Should a CBD injury be recognized, it war- 
rants further treatment which is discussed in the next 

Chapter. Having established CBD integrity and recog- 

nized precisely the extravasation site, endoscopic sten- 
ting of common bile duct injury usually results to in re- 
solution. If the bile extravasates through cystic duct 
stump, laparoscopic ligation of the stump is an altern- 
ate option preferred by some authors. 

Retained CBD Stones 

Retained stones are gallstones diagnosed during the 

first two years after cholecystectomy or common bile 

duct exploration. However, it is not uncommon for 

undiagnosed silent common bile duct stones to present 

symptoms several years after cholecystectomy. The in- 

cidence of retained stones in patients undergoing LC is 
less than 0.5%, regadless of the adopted policy for the 

diagnosis and treatment of concurrent silent CBD sto- 

nes in patients with cholelithiasis. 

Preoperative ERCP or MRCP in patients with chole- 

lithiasis on the basis of suggestive criteria (history of 

jaundice, history of cholangitis, history of gallstone 

pancreatitis, abnormal Liver Function Tests - LFTs, 

CBD more than 8mm in caliber in Ultrasonography) 

reveals CBD stones in 50-60% of patients with sympto- 

matic cholelithiasis. Endoscopic sphincterotomy achie- 

ves stone removal in most of cases (85-90%) and LC 

can be performed safely 24-48 hours later. However, 

2-5% of patients with cholelithiasis have concurrent 

CBD stones without any clinical, chemical or sonogra- 

phic evidence, missed during preoperative cholangio- 

graphy. Subsequently, the expected rate of retained 

CBD stones is 2-5%. However, most silent CBD stones 

either remain asymptomatic for a long time or pass 

through to the duodenum spontaneously. In most pu- 

blished series, authors adopting such a policy for the 

diagnosis and treatment of concurrent cholelithiasis, 

report the incidence of retained CBD stones at less 

than 0.5%. 

Intraoperative cholangiography is the most reliable 

method for the diagnosis of choledocholithaisis. When 

routinely performed during LC, the percentage of false 

negative results is minimal. Removal of CBD stones 

diagnosed by intraoperative cholangiography either by 

laparoscopic CBD exploration or postoperative ERCP 

and sphincterotomy could result in virtually zero inci- 

dence of retained stones. However, this approach would 

lead to over-treatment of patients with silent CBD 

stones who would probably remain asymptomatic for 

their entire life. 

Wound Complications 

Wound infection (1%) and hernia formation (2%) are 

rare and mostly related to the umbilical wound, the 

site of gallbladder extraction. Both of them are diagno- 

sed after the patient's discharge from hospital and it 

seems likely that many are missed hence the previou- 

sly mentioned figures may in fact underestimate the 

actual incidence rate. As far as hernia formation is 

concerned, the vast majority present at the umbilical 

wound which is often enlarged during the procedure 

in order to remove a bulky gallbladder. We must also 

mention that a considerable number of patients with 

cholelithiasis (fat, fertile, females in their forties) is 

also a high risk population for umbilical hernia deve- 

lopment. 
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In traoperative Ch olan giograph y 

The debate regarding the use of Intraoperative Cholan- 

giography (IOC) during cholecystectomy has first be- 

gun in 1936, when Mirizzi introduced IOC. Controver- 

sy has grown with the advent of laparoscopic cholecy- 

stectomy and opinion remains divided concerning the 

routine, selective or not at all use of IOC. 

The principal arguments for routine IOC, during 

laparoscopic cholecystectomy, are that it both provi- 

des an accurate anatomical map of the biliary tree at 

the time most needed and reveals silent common bile 

duct stones [37]. Although routine use of IOC does not 

necessarily prevent common bile duct injuries, it is 

widely accepted that it diminishes both the incidence 

and the severity of these injuries [37]. Furthermore, it 

is more probable for such an injury to be diagnosed 

intraoperatively if a routine cholangiography is obtai- 

ned, thereby improving the overall prognosis of the 

patient. 

The discovery of preoperatively unsuspected com- 

mon bile duct stones (5-7%) in routine IOC requires 

ductal clearance either through the cystic duct or com- 

mon bile duct exploration. Some authors suggest that 

patients with detected small, silent, CBD calculi, less 

than 5mm in caliber, and confirmed free flow of bile 

to duodenum, may be either referred to postoperative 

ERCP or treated conservatively. This policy has not 

been widely accepted. Although laparoscopic or endo- 

scopic clearance of common bile duct in all patients 

with intraoperatively diagnosed silent stones seems an 

unnecessary treatment for those who will remain 

asymptomatic, the risk of a subsequent cholangitis or 

pancreatitis justifies the invasive approach, at least in 

patients with a significant life expectancy. 

Selective use of IOC provides the advantages of the 

"road map" when most needed in specific circumstan- 

ces, namely during difficult LCs. However, the majo- 

rity of common bile duct injuries occur during "easy" 

procedures, when the surgeon is erroneously confi- 

dent about the interpretation of the anatomy. On the 

other hand, selective use of IOC can overlook silent 

common bile duct stones since there is no preopera- 

tive or intraoperative sign of their presence which could 

indicate IOC performance. Moreover, the advantages 

of IOC are most obtained when the operative team has 

acquired significant experience which predisposes its 

routine use. 

Technique 

There are two techniques of laparoscopic cholangio- 

graphy: cystic duct catheterization and cholecystocho- 

langiography, both of which require a modern, mobile, 

C-arm image intensifier. The cystic duct catheteriza- 

tion is the method of choice as cholecystocholangio- 

graphy is not feasible in the gallbladder's outlet obstru- 

ction and in shrunken, fibrotic gallbladders. Moreover, 

it carries the risk of flushing small calculi into the com- 

mon bile duct. 

The catheterization of the cystic duct is attempted 

when sufficient length of the duct has been dissected. 

A clip is applied at the distal end, close to the neck of 

the gallbladder, and a small incision is performed at 

the anterior surface. The gentle dilation of the opening 

permits the introduction of a cholangiography catheter 

over a distance of 1 cm. A clip is applied at the cystic 

duct to affix the catheter, avoiding complete obstru- 

ction of its lumen. Ensuring that are no air bubbles in 

the delivery system, the contrast is infused slowly and 

the ductal filling is observed. The whole intrahepatic 

and extrahepatic biliary tree should be outlined. On 

completion of cholangiography the catheter is with- 

drawn and the clip is gently removed. The proximal 

end of the cystic duct is either secured with metal clips 

or ligated and the duct is divided. 

1 2 . 3 . 2 . 2 .  The Di f f icul t  Laparoscopic  
C h o l e c y s t e c t o m y  

Difficult Induction of Pneumoperitoneum Due 
to Adhesions 

Periumbilical intraperitoneal adhesions from previous 

surgical interventions pose a significant risk of visceral 
injury if blind insertion of the Veress needle is 
attempted for the establishment of the pneumoperi- 
toneum. When the possibility of significant adhesions 
is high, we recommend fnsertion of the initial trocar of 
subumbilical port under direct vision with the open 

technique. Preoperative or intraoperative mapping of 

intraperitoneal adhesions using ultrasonography is 

another option. We prefer "open" access to the peri- 

toneal cavity through the subumbilical incision, not ha- 

ying ever experienced failure or intestinal injury. When 

the peritoneum is identified and incised, a minimal 

space for the initial trocar is created using blunt finger 

dissection. When the port is inserted, through the in- 
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cision temporally closed with a purse-string suture, the 
laparoscope is used as a dissection instrument exten- 
ding through the available space towards the right sub- 
costal area. In the presence of dense adhesions obstru- 
cting safe access, we insert a second trocar, away from 
the site, for laparoscopic division of adhesions. 

In most patients with dense periumbilical adhe- 
sions, the subhepatic space is free and an uneventful 
LC can be performed. Despite the use of an additional 
port or/and the longer duration of the procedure, the 
overall safety is unquestionable and the patientgains 
the advantages of minimally invasive surgery [38]. 

Exposure Difficulties 

The exposure of the hepatocystic triangle to the optical 
axis may be difficult due either to liver size and gross 
anatomy or to gallbladder pathology. More often, a 
floppy left lobe or an enlarged quadrate lobe obstruct 
both optical access and movement of the instrument 
inserted through the subxiphoid port. Only rarely is 
the introduction of a retractor through an additional 
port required. Rotating the patient in deep anti-Tren- 
delenburg position and mobilization of peritoneum 
around the gallbladder neck are usually adequate 
measures. 

In patients with liver cirrhosis or chronic hepatitis, 
manipulation of the gallbladder may prove extremely 
difficult and risky, since the firm nodular liver resists 
upward lift and possible tears in the liver parenchyma 
could result in major bleeding. Under these circum- 
stances, there are no guidelines accommodating the 
encountered difficulties and the endoscopic surgeon 
should proceed with a low threshold for conversion to 
laparotomy. 

The tense, distended gallbladder often encountered 
in patients with acute cholecystitis may be difficult to 
grasp. Using the Veress needle attached to the suction, 
the percutaneous decompression of the distended 
gallbladder improves grasping and manipulation. The 
paracentesis is performed at the fundus of the gallblad- 
der and the small perforation does not usually leak 
(fig. 12.7). Otherwise, it is secured using self-holding 

grasping forceps. 

Difficulties Due to Abnormal Anatomy 

Congenital variations of extrahepatic biliary tract are 
quite common and are schematically presented in fig. 

Fig. 12.7. Decompression 
of the distended gallbladder 
using the Veress needle. 
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Fig. 12.8. a, b, c, d. Common variations of the cystic duct entry to 
the extrahepatic biliary tree. 

12.8. The possible configurations of cystic duct entry 
to the common hepatic duct include termination of the 
cystic duct on (a) the posterior wall, (b) the medial 
aspect or (c) the lower part of the common hepatic 
duct after running a long parallel course. Entry of a 
short cystic duct into the right hepatic duct is also 
reported. Although all these variations can be 
demonstrated using intraoperative cholangiography, 
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F i g .  1 2 . 9 .  Short cystic d u c t  d u e  

to chronic calculous disease. 

they do no t  pose significant difficulties during the 
dissection of cystic triangle providing the dissection 
plane is kept close to the gallbladder wall. In point of 
fact, if intraoperative cholangiography is not perfor- 
med routinely during LC, most of these variations 
remain unnoticed and consequently do not burden the 
surgeon's attempt to recognize cystic duct in its 
junction with the gallbladder neck. 

The presence of a short cystic duct, which is more 
often secondary to chronic calculous disease (fig. 12.9) 
rather than congenital abnormality, may pose difficul- 
ties in providing sufficient length for clip application. 
We do not hesitate to divide the short cystic duct at its 
junction with the gallbladder after securing clips me- 
dially; the gallbladder stump remains open and is 
grasped with forceps. Usually, the presence of a short 
cystic duct accompanies a large stone impacted in 

Hartmann's pouch, obstructing bile leakage through 
the unclipped opening. If the cystic duct is so short 
that even clips cannot be safely applied medially, the 
duct is divided at the gallbladder's curve and the 
stump ligated using endoscopic loop suture. In the pre- 
sence of a short cystic duct, great care is required du- 

ring manipulation of the gallbladder in order to avoid 
bringing the cystic duct in line with the common or 
right hepatic duct which could result in an erratic per- 
ception of the hepatic duct as its continuation, with di- 
sastrous consequences. 

Variations of the cystic artery are also common. 

The cystic artery may run anteriorly to the gallbladder 

requiring early clipping and division in order to 

provide adequate exposure of the cystic duct. When 

the cystic artery runs in close proximity to the cystic 

duct, great care is needed in order to avoid bleeding 

during dissection. A short cystic artery which usually 
accompanies the looped right hepatic artery is clipped 

and divided on the gallbladder wall and the right 
hepatic artery is teased gently away. As our standard 
practice is to keep the plane of laparoscopic dissection 
on the gallbladder wall, we often locate a small cystic 
artery near the hepatic parenchyma, behind the cystic 

duct and the neck of the gallbladder. This is actually 

the medial branch of the cystic artery and careful 
dissection of the neck laterally permits recognition, 
clipping and division of another lateral branch. We do 

not proceed to the detachment of the gallbladder if 

both branches have not been recognized and secured. 

Difficulties Due to Inflammatory Changes 
in Hepatocystic Triangle 

The difficulties often encountered in patients with 
acute cholecystitis are represented in the increased 
conversion rate which accompanies non-elective LCs. 
Adhesions of the omentum and duodenum to the 

gallbladder may be so extended that even recognition 
of the gallbladder may be difficult (fig. 12.10). Usually, 

during the acute phase of inflammation, these adhe- 
sions are loose and are easily separated either by blunt 
dissection or by scissors and gentle electrocoagulation. 
As the dissection proceeds, the exposure of the he- 
patocystic triangle may also be difficult. The impacted 
gallstones may cause extensive distention of the Hart- 
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Fig. 12.10. TyPical inflammatory changes in patients with acute 
cholecystitis. 
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mann's pouch often adhering to the hepatoduodenal 

ligament. Under such circumstances, grasping of the 

pouch may be impossible and the open jaws of the 
forceps are used as a retractor, pushing the gallbladder 
upwards. As the dissection around the neck of the 
gallbladder proceeds, manipulation of the pouch 

becomes less difficult and gradually permits access to 

the hepatocystic triangle. 

Inflammatory adhesions during the early phase of 
acute cholecystitis are usually loose and the blunt 

dissection is quite effective in both identification of 

the cystic duct and removal of the gallbladder from the 

liver bed. The plane of dissection is always kept close 
to the gallbladder wall following the curve of the 
distended Hartmann's pouch. The dissection should be 

quite easy in patients with hydrop, when the tissue 

edema signifies the correct plane. On the other hand, 
when the time interval from the onset of symptoms of 
acute cholecystitis is more than a week, the adhesions 

may be dense, thereby obscuring the planes of surgical 

dissection. We find hydro-dissection quite useful in 
such cases and we often succeed in recognizing the 

optimal path despite the obvious risk. 
In patients with a strong suspicion of cholecysto- 

choledochal fistula (Mirrizzi s y n d r o m e -  type II, fig. 
12.1b), any attempt either to separate the gallbladder 
from the CBD or to dissect the fistula is hazardous, 
irrespective of the surgeon's experience, and conver- 

sion to laparotomy is indicated. However, this syndro- 
me is rare and the intraoperative diagnosis quite doubt- 

ful in the unjaundiced patient. 
Recurrent attacks of cholecystitis may result in con- 

traction of the gallbladder. The shrunken organ usually 
has a full stone load, partially buried in the liver pa- 
renchyma and the cystic pedicle is shortened (fig. 
12.11). The difficulties encountered relate both to the 
inability to grasp the gallbladder and the dissection of 

the shrunken cystic duct. 

Conversion to laparotomy is always a safe alternati- 

ve and a low threshold is unanimously recommended. 

However, the specific recommendation seems relati- 

vely ineffective in preventing CBDIs. It is interesting 

that in most series of LCs, high CBDI incidence often 

accompanies high conversion rate and vice versa. 

Probably, decision to conversion often creates a false 

feeling of control over the surgical field and the illu- 
sion that it is itself adequate for a successful solution. 
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c y s t i t i s .  

In this situation, a decrease in vigilance leads to an 

unsurprisingly high incidence of CBDI during conver- 
ted LCs. The indication to conversion is clear and 
time-independent: whenever perceived information 
mining by the operative field is inadequate and at risk 
of violating a concrete established theory of the area's 
anatomy, we convert the laparoscopic procedure to 
laparotomy. If laparoscopic dissection proceeds in the 
line with information mining, without violations and 
despite slowness, we virtually lose no time. 

Analyzing operative performance during laparo- 
scopic cholecystectomy on the basis of cognitive 
psychology, we identified seven critical points for the 

establishment of safety during LC: 

I. Preoccupation with Failure 

All members of the surgical team must be circum- 
spective in their interpretations and avoid the obvious 

by reminding themselves of two things: (a) we have 

not yet experienced all potential failure modes that 

could occur during LC, and (b) we have not yet dedu- 

ced all potential failure modes that could occur during 

LC. 

II. Team Work 

Safety is not inherent to one person, device or depart- 
ment, but results from the interactions of a system and 

its components. 
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III. Error Traps and Reversible Procedures 

Error detection techniques, incorporated in operatio- 

nal flow, are significant tools for error reduction du- 

ring LC: (i) standard checks after the completion of 

every surgical task searching for visible consequences 

of possible errors, (ii) direct-error hypotheses forma- 

tion and (iii) error suspicion. It is interesting that only 

negative evaluation is fruitful during error detection, in 
LC. Positive confirmation is often biased and is not 

effective for the recognition of possible errors. 

IV. Adherence to the Procedures 

Observing procedures is a difficult to attain principle, 

especially when observance is not rewarded and viola- 

tions are not always punished by the adverse effect. 

V. "Stop off" Rules 

There is no absolute rule which if applied would relie- 

ve the surgeon from the stress of a laborious identifica- 

tion of the cystic duct. There is no gold standard te- 
chnique (procedures, skills or rules) that woCrld gua- 

rantee safety providing the surgeon strictly adherent to 
it. 

VI. Conversion to Laparotomy 

The perspective of conversion relieves the surgeon 
from the stress of a demanding laparoscopic problem 

but does not solve the surgical problem. Decision to 

conversion often creates a false feeling of control over 
the surgical field and the illusion that it is itself adequa- 
te for a successful solution. Under these circumstances, 
decrease of awareness leads to an unsurprisingly high 
incidence of CBDI during converted LCs. 

VII. Crew Resource Management 

In aviation, Crew Resource Management (CRM) ad- 
dresses the nature of human error and teaches beha- 

vior as error countermeasures, such as leadership, brie- 
fings, monitoring and cross-checking, decision ma- 

king, and review and modification of plans. The appli- 

cation of CRM to surgical training does seem to make 

sense and researchers have already devoted significant 

energy to interventions with CRM-type team training 

programs, primarily in the emergency room setting. 

12 .3 .2 .3 .  Open C h o l e c y s t e c t o m y  

Open Cholecystectomy can be performed through 

either a right subcostal (Kocher) incision or an upper 

midline or right paramedian incision. The Hartmann's 

pouch is pushed laterally, the peritoneum incised and 

the cystic duct recognized in its junction with the com- 

mon hepatic duct. If the anatomy is unclear, especially 

during converted laparoscopic procedures, the gall- 

bladder can be dissected from the fundus downwards 

toward the gallbladder neck. When the gallbladder has 

been fully mobilized, identification of the cystic duct 

and artery is easy in the pedicle remained attached to 

the hepatoduodenal ligament. If the presence of a 

short cystic imposes conversion, it can be safely liga- 

ted proximally and divided. 

Postoperatively, a nasogastric tube remains until 

signs of bowel movement are present. Usually, the pa- 

tient can tolerate fluid intake the second postoperative 

day. Early mobilization is encouraged and requires 

systemic administration of analgesics (NSAIDs and 

opioids). Pulmonary physiotherapy is also indicated 

during the first and second postoperative day espe- 

cially in patients with chronic obstructive pulmonary 

disease or in patients who undergo a converted proce- 

dure of long duration. 

Normally, the patient is discharged from hospital 

the 4th-5th postoperative day and can return to full 

activity 2-3 weeks later. 

12 .3 .2 .4 .  C h o l e c y s t o s t o m y  

Percutaneous or open cholecystostomy is a life-saving 
procedure performed either as an emergency procedu- 
re in patients with an unacceptable and extreme ane- 
sthetic risk or as a safe bridge to the second-stage ele- 
ctive cholecystectomy when safe resection the of gall- 

bladder presents unusual technical difficulties in the 
first encounter. 

Acute cholecystitis in high risk surgical patients has 

a mortality rate calculated to range from 18.2% to 

77.6% for American Society of Anesthesiologists (ASA) 

class 3 and 4, respectively [39]. Mortality rates up to 

67% have been documented particularly in cases of 

acute acalculous cholecystitis commonly associated 

with critical illness and recovery from major surgical 

procedures, whether percutaneous decompression of 

the inflamed gallbladder, avoiding the use of general 
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anesthesia, can effectively manage biliary sepsis in 

critically ill patients, remains unproven. There is no 

solid evidence that percutaneous cholecystostomy is a 

better treatment of acute cholecystitis in high-risk pa- 

tients, than laparoscopic cholecystectomy. In two re- 

cent studies, the 30-day mortality of high risk patients 

who underwent  percutaneous cholecystostomy was 

13.8% and 36% respectively [40, 41]. Furthermore, 

there are two major disadvantages of the drainage pro- 

cedure: (1) there is no confirmation of the diagn~)sis in 

patients with sepsis of uncertain origin, even when a 

clinical response is recorded and (2) gangrenous chan- 

ges of the gallbladder wall may result in subsequent 

bile leakage and generalized peritonitis. 

It is currently accepted that in patients with acute 

cholecystitis from whom general anesthesia is con- 

traindicated due to extreme toxicity or concurrent me~ 

dical illness, percutaneous cholecystostomy is indica- 

ted. This group of patients is a sub-group of ASA 4 

class. Diagnostic dilemmas and septic complications 

could be avoided through a bedside diagnostic laparo- 

scopy and drain insertion with laparoscopic assistance. 

An intraoperative decision to convert an initial 

at tempted laparoscopic or an open cholecystectomy to 

cholecystostomy is indicated when unusually extreme 

technical difficulties make laparoscopic or open disse- 

ction of anatomic structures in hepatocystic triangle 

impossible or extremely difficult. An adequate incision 

at the gallbladder fundus permits evacuation of stones 

and inflammatory debris. Impacted stones in the neck 

of gallbladder or in cystic duct can be usually milked 

back to the gallbladder. After all contents have been 

evacuated, a Foley-catheter is inserted, the incision is 

closed through one or two purse-string sutures which 

then anchor the fundus to the parietal peri toneum (fig. 

12.12). In patients  with gangrenous cholecystitis, exci- 

sion of the gangrenous distal part of the gallbladder 

and drainage of the remaining part (subtotal cholecy- 

stectomy) is r ecommended  by some authors. 

The cholecystostomy tube is brought out through a 

separate small stab incision. Exploratory cholangiogra- 

phy is performed a few days later, injecting contrast 

material through the tube, in search of residual stones 

and imaging of the biliary tree. The tube can be remo- 

ved not earlier than the fourteenth postoperative day. 

If cholangiography reveals residual stones in the 

gallbladder, a second-stage cholecystectomy is indica- 

Fig. 12.12. Operative cholecystostomy. 

ted as soon as the patient's condition permits surgery. 

Elderly patients, in poor general condition without 

prospects of improvement,  with a clear cholangiogra- 

phy, should be left without further intervention. In 

younger, fit patients, an elective cholecystectomy is 

indicated as the majority of them will develop recur- 

rent stones, 50% of them within three years of the cho- 

lecystostomy. Most patients with residual stones revea- 

led in postoperative cholangiography, will develop 

symptoms within a few months. 
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COMPLICATIONS IN THE PERFORMANCE 
OF LAPAROSCOPIC CHOLECYSTECTOMY. 
WHAT CAN GO WRONG? HOW DO COMPLICATIONS 
HAVE TO BE MANAGED? 

G. Quast, A. Kuthe 

13.1. Introduction 

The operative removal of the gallbladder is a standard 

and one of the most often performed procedures in 

general and visceral surgical hospital departments. The 

operation is indicated in cases of gallbladder stones 

creating disease symptoms and pain, in cases of acute 

infection of the gallbladder with or without stones and 

in cases of adenomatous structures in the gallbladder 

that may develop malignity [1, 2]. 

Nowadays more than 90% of the elective cholecy- 

stectomies are performed laparoscopically. The total 

amount of operations for Germany rose from almost 

150.000 in 2002 to slightly over 170.000 in 2004 [1]. 

Without a doubt, operative therapy has to be jud- 

ged as the method of choice in the treatment of sym- 

ptomatic gall stone disease as opposed to conservative 
treatments. But though laparoscopic cholecystectomy 

has become the gold standard of treatment it does not 
preclude complications, whether major or minor. 

13.2. The Perioperat ive Setting 

As regards the several different ways of patient positio- 

ning on the operation table and the positioning of the 

surgeon performing the operation and his assistants, 

we recommend a setting where the patient is comfor- 

tably stretched out with the left arm extended and the 

monitor system is on the right patient side. The sur- 

geon and his camera assistant who is basically the "eye" 

of the surgeon should stand on the left patient side in 

order to have the same viewing direction. Should the- 

re be a second assistant he should stand on the right 

patient side in order to fulfil his role which is mainly 

static, by lifting the gallbladder up from underneath 

the liver to expose the infundibulum. 

13.3. The Use of Perioperative Prophylactic 

Antibiotics 

The majority of hospitals adopt a protocol of periope- 

rative antibiotic regimen mainly using cefazolin in order 

to prevent postoperative infectious complications such 

as infections of the gallbladder bed, intraabdominal 

abscesses and particularly surgical site infections. In ad- 

dition, high-risk patients or patients hospitalized becau- 
se of an acute cholecystitis are subjected to an aggressi- 

ve antibiotic treatment prior to the operation [3]. 

Two studies dating back in 1998 and 2001 respecti- 

vely came to the conclusion that, probably as a refle- 

ction on the perioperative antibiotic treatment, the ove- 

rall rate of infective complications is negligible and does 

not correlate with the presence of bacteria in the bile or 

gallbladder wall [3, 4] and thus routine antibiotic pro- 

phylaxis might be questionable [4]. On the other hand it 

seems obvious that both open surgery and poor control 

of comorbidity -such as diabetes mellitus- can signifi- 

cantly increase the rate of surgical site infections [5, 6]. 

A recent prospective randomized study from Tai- 

wan involving 277 patients, published in Jun 2006, 
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concludes that the use of prophylactic antibiotics in 

elective laparoscopic cholecystectomy is not recom- 

mended because they do not decrease the already-low 

rate of postoperative infectious complications [7]. 

In our personal experience where our patients had 

all received a perioperative antibiotic prophylaxis, we 

noted a very low infection rate of less than 1%. We be- 

lieve that high-risk patients with co-morbidities, that 

tend to increase the risk of wound infections, should 

unquestionably receive antibiotics whereas patients 

with an acute cholecystitis should receive not only 

post-operative but also preoperative treatment with 

cefazolin and metronidazole. Furthermore we believe 

that reports related to low infection rates in laparosco- 

pic surgery are, on the one hand, due to small incisions 

that are less susceptible to major problems but on the 

other hand also reflect the overall very common use of 

antibiotics. To cease the perioperative use of antibio- 

tics in elective cholecystectomy totally would in our 

opinion, warrant a much larger prospective randomi- 

zed study than those carried out so far. 

13.4. The Approach to the Abdomen 

In order to establish a pneumoperitoneum, the two 

main practices adopted include the Veress needle in- 

sertion technique as well as an open "mini-laparoto- 

my" with consecutive direct trocar placement known 

for the positioning of the first trocar before the camera 

is able to enter the abdomen. In 1999, a study cited the 

following complications incurred by Veress needlein-  

sertion: injury of the omentum with consequential hae- 

morrhage, intestinal and mesenteric injuries as well as 

injuries of the urinary bladder and the great blood ves- 

sels of the retroperitoneum. In addition the initial in- 

sufflation of CO2 through an inappropriately placed 

needle can create subcutaneous emphysema, mediasti- 

nal emphysema and pneumothorax [8]. 

A recent study in 2005, evaluating 274 laparoscopic 

cholecystectomies showed that the complication risk 

of performing pneumoperitoneum by direct trocar 

placement was less than that arising from needle usage 

and that direct trocar entrance also reduced operation 

time, thereby concluding that the direct trocar entran- 

ce method is a more reliable and less time consuming 

method than the Veress needle technique [9]. 

These findings concur with our personal experien- 

ce of both techniques. A number of years ago we have 

switched from Veress needle to "mini-laparotomy" 

with direct trocar placement having also found that the 

placement of the first trocar "under view" is far safer 

than the Veress needle and also quicker. Thus, we 

strongly recommend resigning from Veress needle te- 

chniques and switching to the open technique in which 

layers of the abdominal wall are opened one after the 

other under view, until the first trocar can be placed 

and the pneumoperitoneum created. 

To avoid further, and sometimes severe trocar 

placement complications with other trocars necessary 

for the operation, -such as injuries of the liver, spleen, 

stomach, intestines or the falciform-, we rigorously 

stress the significance of placement "under view". 

Whether operating in a three or four trocar technique 

the surgeon must predict the route trocars should take 

and follow their course. Any arising injuries of organs 

must be immediately addressed. 

Trocar channel bleedings may stop during trocar 

placement which places a certain pressure on the 

bleeding vessel, but may also reoccur again during the 

operation due to movement of the trocar or at the end 

of the procedure due to removal of the trocar. It is im- 

portant to identify such events which can be effective- 

ly dealt with via electrocoagulation or suture, such as 

the Reverdin's needle. 

13.5. Bile Duct Injuries-  Anatomy, Prevention 
Techniques, Treatment 

After establishment of the pneumoperitoneum, place- 

ment of trocars and exposition of the infundibulum of 

the gallbladder, the operating surgeon is.confronted 

with the well-known anatomic variability of the bile 

duct system. It is his duty to clearly identify structures 

such as cystic duct and ductus hepatocholedochus in 

order to avoid injuries. It is not rare for a kinking of 

the ductus hepatocholedochus to cause the duct to get 

very close to the gallbladder. On the other hand, the 

length of the cystic duct can vary a lot as can its dire- 

ction in relation to the arterial system and its junction 

with the common duct can. 

Our experience concludes that a very clear identifi- 

cation of the whole cystic duct and its junction with 
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common bile duct is necessary. These identifications 

are, in our opinion only possible, with the use of a 30 ° 

optic system that not only affords the surgeon the 

opportunity of inspecting important structures but also 

allows a close three-dimensional view of the rather lar- 

ge cavity of this particular type of operation. We most 

definitely do not recommend a straight optic system 

due to the lack of view on the sides or behind vascular 

or ductal structures. 

Whilst on the subject of the use of the camera sy- 

stem, we also found that better identification of the cy- 

stic duct on the one hand and the common bile duct 

on the other is easier when the gallbladder is exposed 

in a slightly lifted camera direction rather than dire- 

cted towards the liver or barely risen in the direction 

of the abdominal wall. 

Several description and classification systems (such 

as Strasberg or Sievert) categorise bile duct injuries as 

mild i.e. injuries of a smaller bile duct, incomplete cy- 

stic duct occlusion, partial or lateral injury of greater 

ducts or severe i.e injuries of choledochus duct or he- 

patic duct. Bile duct injuries must be viewed as poten- 

tially very severe complications bearing high morbidi- 

ty, probable long-term hospitalization, disease chroni- 

fication and possibly life threatening [8]. 

A review of the publications from 1999 to 2006 
shows that the percentage of described bile duct inju- 

ries varies between 0.2% and 0.7% [10, 11, 12, 13, 14, 

15]. In 2001 a Germany study reported a significant in- 

crease in common bile duct injuries from 1991 to 1994 

of 0.3% to 0.7%, decreasing to 0.2% in 1995 and 1996 
in an analysis that included 28,753 operations [13]. 

In line with the afore mentioned need for clear 

structure identification, it is widely accepted that not 

only is correct interpretation of the anatomy and very 

careful dissection exceptional crucial [16] but working 

with electrocoagulation or harmonic scalpel close to 

sensitive and as yet unidentified structures must also 

be avoided. 

Several recent studies stress the importance of in- 

traoperative cholangiography (IOC) [16, 17, 18]. In 

another 2001 study in Germany, this technique was 

highlighted as being the most strongly recommended 

approach for intraoperative diagnostics, yet was routi- 

ne practice in only 6% of the hospitals that performed 

laparoscopic cholecystectomy [ 17]. 

Two 2006 studies [16, 18] postulated that routine 

IOC is associated with a lower incidence and early re- 

cognition of bile duct injuries as well as being a safe, 

accurate, quick and cost-effective method for the iden- 

tification of the bile duct anatomy and also probable 

bile duct stones. 

The same result was presented in a US nationwide 

study of 93,578 patients based on year 2000 data [19] 
where cholecystectomies outcomes were evaluated 

taking into consideration patient and hospital demo- 

graphics: overall, cholangiogram was clearly identified 

as safe whilst decreasing morbidity. 

We would define a careful dissection at this step of 

the operation as a dissection that is kept very close to 

the gallbladder since structures might not be clearly 

identified. IOC is routinely being performed on all pa- 

tients in our hospital via a small catheter inserted di- 

stally into the cystic duct close to its junction to the 

gallbladder infundibulum. 

IOC enables early detection and repair of a bile 

duct injury. In the event of a bile duct injury the pa- 

tient should be immediately referred to a surgeon ex- 

perienced in bile duct repair. As regards major bile 

duct injuries, optimum long-term results can apparent- 

ly be achieved with a proximal tension free, end-to- 

side mucosa-to-mucosa hepaticojejunostomy Roux-en- 

Y [16, 20, 21]. Minor lesions such as peripheral leaka- 

ges or short strictures can be selectively treated laparo- 

scopically or endoscopically. 

With regard to the problem of additional bile ducts 

such as Luschka's duct, it is clear that a non-identifica- 

tion may lead into constant leakage that can become 

clinically apparent, prompting a revision operation in 

which the duct has to be ligated and safely closed. 

In cases of acute cholecystitis in particular, it is un- 

surprising that due to the more difficult intraoperative 

situation the rate of clinical and subclinical bile leaks 

may be higher than expected. An interesting American 

study in 2006 evaluated 100 patients with acute chole- 

cystitis after laparoscopic cholecystectomy by perfor- 

ming a cholescintigraphy scan on postoperative day 1. 

Eight scans disclosed positive bile leaks though no 

patient had experienced a clinically symptomatic bile 

leak [22]. This demonstrates that the risk for primary 

sub-clinical bile duct injuries can become relevant 

especially when a first sub-clinical leak turns clinical. 

The development of a biloma can also be a slow 

process as demonstrated in a Japanese case report in 
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2005 that described the development of a biloma out 

of a Luschka's duct over a period of 6 month postope- 

ratively [23]. Clinical symptoms resulting from either 

biloma or the development of biliary peritonitis deser- 

ve treatment including operative revision, whereas 

without symptoms a patient can just be kept under re- 

gular observation. 

Major bile duct injuries, even the most skilfully 

treated, can often lead to a long-term illness with ne- 

cessary repeated treatment of the patient due to injury- 

related long-term complications and their ramifica- 

tions [16]. These can include recurrent stenosis of the 

bile ducts or a chronified cholangitis or, in the event of 

a more severe complication the development of a 
biliary cirrhosis followed by a propable necessity for 
liver transplantation. 

13.6. Gallbladder Perforation and Loss 

of Stones 

Due to the way the gallbladder is held and manoeu- 

vred during the operative procedure and due to its 
wall structure of the organ and probable grade of 
infection, the risk of a rupture of the gallbladder du- 

ring laparoscopic cholecystectomy is quantitatively 

high and may lead to an increase of postoperative 

complications such as wound infections or intraabdo- 

minal abscess formations, subhepatically. 

A Swiss article in 1997 [24] pointed out that up to 
then there were already 39 studies had been published 
involving 53 such that reported the frequency of lost 
stones due to torn gallbladder as ranging would from 

9% to 40%. 
A 1999 Mexican study found gallbladder rupture to 

be associated with increasing wound infections [25]. 

Several case reports, reviews and analyses [26, 27, 28, 

29, 30, 31, 32, 33, 34, 35] from 2002 to 2006 refer to 

this subject and highlight particular aspects of the pro- 

blem: clinical symptoms might develop a long time 

after the initial procedure [26, 27], spilled gallstones 

can act as foreign bodies and can cause abscess forma- 

tions, for example sub-hepatical [28, 30] sub-phrenical 

and pleural [32], or with multiple locations [34] for- 
ming the basis of a recurrent bacteraemia [28] and thus 

can't be considered harmless as originally thought in 

the beginning of laparoscopic cholecystectomy [29]. 

A U K  multivariant logistic regression analysis in 

2006 considered that: laser use during the operation, 

male patients with a history of acute cholecystitis or an 

operation during an acute attack of cholecystitis all 

bear an increased risk of iatrogenic gallbladder per- 

form [33]. On the whole complications from spilled 

gallstones through gallbladder perforation may neces- 

sitate rather prolonged and multiple treatment [34, 35]. 

From the viewpoint of personal experience we ha- 

ve to ratify the UK results and add the significance of 

surgical skill in handling the organ itself during the 

operation. We recommend the organ not be grasped 

too forcefully, all movements be under view including 

those of any assistant and the movements of the sur- 
geon allowing careful attention to be given to the pre- 
vention of a perforation. It also appears that not only 

instrument manipulation but also the usage of scissors 

and electrocoagulation devices or the harmonic scalpel 

for the preparation close to the organ can potentially 

tear the gallbladder. 

Should a perforation occur, we advise against con- 

tinuing the operation. The bile liquid has to be promp- 

tly retrieved with adequate aspiration devices as it can 

also form the basis for a later infection. It is imperative 
that spilled stones be completely identified and extra- 
cted from the abdominal cavity. We can't stress enough 

how important this is. 

In addition there is a good reason for thorough and 
abundant irrigation and aspiration followed by an in- 

tensive postoperative control of the patient like as 
stressed in a Turkish study in 2003 [36]. In our opi- 
nion, necessary postoperative checks include: blood 
sample esp. leukocytes, CRP, liver parameters, and ul- 
trasound and in certain unclear cases immediate CT 
control for tracing probable lost stones. 

We routinely perform a blood sample including 

blood cell count, CRP and liver (cholestatic) enzymes 

on the day after the operation and individually repeat 

this test according to possible pathological findings. In 

cases of fever attacks or extensive pain, an immediate 

ultrasound is indicated. If this fails to show an interpre- 

table result, CT should follow. Pain increase or compli- 

cations may prompt the need for surgical re-interven- 

tion may. Otherwise the patient is kept under close 

observation and possibly entailing a longer hospitaliza- 

tion. 



G. Quast, A. Kuthe 173 

13.7. BlOOd Vessel Injuries 

The surgeon performing the laparoscopic cholecystecto- 

my needs to be aware of the variability in the blood 

vessel supply of the gallbladder: The cystic artery usual- 

ly rises out of the right hepatic artery but there is also a 

chance for it coming from the common hepatic artery, 

the left hepatic artery, crossing the main bile duct or 

forming the main branch of the right hepatic artery [37]. 

Statistically, bleeding complications occur in Ger- 

many in about 1,3% of the cases. It is therefore ne- 

cessary to discuss intraoperative bleedings, postope- 

rative bleedings and complications that further arise 

from such bleedings. When discussing the risk of intra- 

operative bleeding, we must point out that the most 

important element in the prevention of bleeding, 

which is undoubtedly the best way of avoiding further 

complications is that of the clear identification of the 

vessel, and its course. 
In order to clearly identify the cystic artery, with- 

out injuring larger branches, we need to identify the 

vessel where it enters the wall of the gallbladder and 

divides itself. This point better enables us to clip the 

vessel without anatomic misinterpretation. Just as in 

the preparation of the cystic duct, so in preparing the 

cystic artery we need to stay close to the gallbladder. A 

closer preparation in the structures of the hepatoduo- 

denal ligament bears the risk of injuring more central 

structures and thus causing severe and massive blee- 

ding which is appreciably to stop. In the event of blee- 

ding a "blind" clipping or the "blind" use of diathermy 

is not the method of choice though it sometimes ap- 

pears to be the fastest way to stop bleeding. Such me- 
thods should only be performed when confident that 

we are dealing with a second branch of the cystic arte- 

ry and not with a more proximal serving vessel. Preca- 

rious clip placement or the extensive use of diathermy 

on such a larger supply vessel may result in a reduction 

of the liver blood supply especially when dealing with 

a common hepatic artery. 

It is also necessary to understand that iatrogenic he- 

patic vascular injuries during laparoscopic cholecyste- 

ctomy mostly occur in combination with bile duct inju- 

ries [38] which in itself constitutes a risk factor for the 

development of biliary complications [39] making it 

even more understandable why a thorough and profes- 

sional preparation in this area is so important. 

Though it seems that isolated injuries of the right 

hepatic artery usually remain clinically insignificant in 

otherwise healthy patients, additional risk factors such 

as hypoxemia, cholangitis, sepsis, liver cirrhosis or ab' 

normally reduced portal venous blood flow, all create 

a high risk for the development of ischemic liver ne- 

crosis, abscess formations in the liver and further com- 

plications such as destructive cholangitis and seconda- 

ry biliary cirrhosis [38]. 
When such a major injury leads to a biliary compli- 

cation it is recommended that those patients with ma- 

jor bile duct injuries should be assessed for additional 

vascular injury as the outcome of bile duct reconstru- 

ction is worse in patients with concomitant arterial 

injuries [39]. Should such an injury occur during lapa- 

roscopic cholecystectomy, the patient should be im- 

mediately referred to a surgeon with adequate experti- 

se in bile duct repair and hepatic arterial reconstru- 

ction [40]. 
If biliary complications such as ischemic liver ne- 

crosis or abscess occur late after the laparoscopic ope- 

ration a percutaneous abscess drainage can be attemp- 

ted but should it fails and the patient not recover, a 

hemihepatectomy may become necessary. 

Postoperative bleeding complications involve cases 

of cystic artery damage, prolonged haemorrhage from 

the gallbladder, parenchymal liver injuries [8] and also 

in our experience trocar channel bleedings. Causes can 

be attributed to insufficient clipping, slipped clips, 

inadequate diathermy or to the fact that the decrease 

of intraabdominal pressure at the end of the procedu- 

re when the pneumoperitoneum is being re-establi- 
shed can lead to a re-opening of compressed vessels 

and to new bleeding as a consequence. 

We have experienced cases of clear dryness at the 

end of the operation followed by postoperative blee- 

dings that quickly resulted in re-intervention. The pre- 

vention of postoperative bleedings clearly prompts the 

surgeon to steadily increase accuracy in the prepara- 

tive care of the vessels. He should thoroughly set his 

clips on the right vessel in the right position and the 

clip should remain in place without being moved or 

handled too heavily. 

Bleeding should be detected and taken care of 

when it does not stop by itself. The surgeon must bear 

in mind that lower pressure vessels may reopen and 

allow himself time during the last minutes of the ope- 
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ration. When the trocars are being extracted the trocar 

channels should be inspected for bleeding until the 

surgeon is finally satisfied. Irrigation and aspiration 

instruments should be used, in particular to clear the 

liver bed for small, but constant bleedings. Liver 

parenchyma injuries or injuries of the omentum major 

must be inspected for constant bleeding and treated 

with diathermy or if not possible with ligature or hae- 

mostatic tissues. 

The use of drainages on patients that had stronger 

bleedings throughout the operation is not prevention 

against ongoing bleeding but may contribute to less 

blood remaining in the abdomen causing pain or infe- 

ction and it might enforce diagnosis in cases of conti- 

nous postoperative haemorrhage. Nevertheless as post- 

operative bleedings can't be fully prevented, patient 

care dictates that a blood sample, including erythrocy- 

tes and haemoglobin, be part of postoperative controls 

on the first day after the operation. In case of a suspe- 

cted bleeding ultrasound or in selected cases, CT can 

confirm diagnosis. 

Furthermore it appears that prolonged postoperati- 

ve haemorrhage is an indication for re-operation [8]. 

13.8. Specific Points for a Successful 
End to the Laparoscopic Procedure 

The use of diathermy -whether  mono- or bipolar- for 

electrocoagulation or the harmonic scalpel varies from 

hospital to hospital and follows the main criteria that 

whatever has proved always successful in the past will 

continue to be used in the future - a viewpoint with 

which we mainly agree because our hospital has also 

historically adopted a certain technique with which we 

are generally satisfied. 

We recommend, in particular, that these devices be 

used only under clear anatomic circumstances. That 

means for example we consider it highly dangerous to 

begin the laparoscopic cholecystectomy mainly with a 

preparation using d i a t h e r m y -  a common practise in 

several hospitals. 

It can't be overemphasised that diathermy and 

ultrasound scissors cause the tissue to shrink due to the 

temperature it is exposed to. This can create damage 

on tissue that is not yet cleared for safety. We believe 

that when the cystic duct and the cystic artery are not 

defined and prepared, the use of these instruments 

demands extreme caution and should be reserved for 

fatty and connective tissue or very small and unimpor- 

tant vessels. 

After preparation of the cystic duct and cystic arte- 

ry the gallbladder is removed from underneath the li- 

ver bed. At this point diathermy can.be of great assi- 

stance in the preparation since small vessels in the li- 

ver bed can easily be coagulated together with the se- 

paration of the connective tissue between the gallblad- 

der and liver bed. Nevertheless the risk of an iatrogenic 

gallbladder perforation remains as at this point of the 

procedure the preparation must remain close to the 

gallbladder, but not so close that the gallbladder tears. 

When the operation reaches the point of extraction 

the gallbladder from the abdominal cavity, it is recom- 

mended that a plastic recovery bag be placed in the 

abdomen and the gallbladder put inside for removal. 

The organ should not in our opinion be removed in 

direct contact with the abdominal wall since it may be 

contaminated by bacteria and these bacteria may, in 

turn, come in contact with the abdominal wall of the 

trocar channel where the removal takes place causing a 

local wound infection. 

Though studies [4, 5] focus on the effect of emer- 

gency operations, operations in acute cholecystitis and 

co-morbidity regarding the risk of wound infections, it 

is known that positive bile culture exists in about 22% 

of the laparoscopic gallbladder operations [4]. Hence, 

we see a quantitatively high risk of bacteria contamina- 

tion of at least the inside of the organ. If the gallblad- 

der would is removed through the trocar channel with- 

out a plastic cover, the pressure of the narrow channel 

may cause bile to spill out of the gallbladder or might 

even cause a rupture of the organ in the channel with 

spillage. 

Bacteria can then spread to the trocar channel pos- 

sibly generating a later infection. In the case of a rup- 

tured organ, inside a plastic recovery bag, the organ 

and any spilled bile can be removed safely. The indu- 

strial plastic bags on the market are quite strong in 

terms of stretching, however it can rupture when it is 

dragged too much and stretched over. The rupture can 

be quite strong and almost explosive with a wide- 

spread spillage of bile or maybe also stones into the 

inside of the abdomen. In short, a rupture of the bag 

when under traction stress must be avoided at all costs. 
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Such cases mostly occur when the removal channel 

is too narrow for the organ and its stones and it is re- 

commended  that the channel is widened either bluntly 

with the fingers or sharply under view with scissors. 

The bag with the organ should finally be removed 

without too much stress on the bag. It is known that 

the removal of the gallbladder is most likely perfor- 

med through one of the 10 mm trocar places. In our 

hospital, we perform the removal through the umbi- 

lical trocar channel under view. The gallbladder is sa- 

fely stalled in the plastic recovery bag, the bag grasped 

with one of the clamps and then under view guided to 

the umbilical trocar where it is led out while the ca- 

mera constantly retracts itself. 

After the clamp has led the bag out, the bag will be 

grasped from the outside and softly extracted with 

particular care so contents do not spill back into the 

trocar channel. We have chosen the umbilical trocar 

position for extraction since, in our experience, it pro- 

vides a more vertical channel where the muscles can- 

not easily close the channel like stage wings facilitating 

any necessary stretching more than other positions. 

After the safe removal of gallbladder, it is inspected 

visually and sent off for histopathological examination. 

We strongly recommend a "last look into the abdo- 

men". Any final bleedings, particular from the liver 

bed, must be detected and taken care of. Should the li- 

ver have already assumed its normal position, it needs 

to be elevated for control of the liver bed. We need to 

look for leaking blood vessels and also for leaking 

additional bile ducts that have to be closed. 

Finally at this point of the operation, the need for a 

drainage system has to be determined. Generally spea- 

king over the years the amount of drainages placed in 

laparoscopic gallbladder surgery has decidedly de- 

creased due to increased awareness concerning the sa- 

fety of operations and also the fact that whilst drainage 

is indicated in specific instances, it should be avoided 

in others. 

Since there is nothing significant in the literature 

concerning this topic and given that every surgical de- 

partment has its own rules, we would like to indicate 

the situations where drainage is appropriate: signifi- 

cant bleeding during the operation in combination 

with a probable bleeding co-morbidity, significant bile 

leakage, severe infections or even abscess formations 

in acute cholecystitis with pus production and/or  pus 

leakage out of t h e  organ or out of abscesses. When 

drainage is indicated we recommend the passive drai- 

nage system. 

The trocars must also be removed under view. This 

lowers the risk of an undetected trocar channel blee- 

ding. As long as trocars are in place, bleedings are very 

likely under pressure and hence cannot be seen; as 

soon as the trocars are retracted the injured vessel may 

reopen and start to bleed. We must stress that whilst 

bleeding can start from one second to the next, it can 

also delay till sufficient pressure in the vessel mounts 

up, flushing coagulating blood away, thereby promp- 

ting the vessel to bleed again. 

Also the intraabdominal pressure generated by the 

pneumoper i toneum during the operation may well be 

sufficient to reduce the trocar channel and even liver 

bed bleedings. It is therefore wise to observe the tro- 

car channel and the liver bed during the decrease of 

the pneumoper i toneum and intraabdominal pressure 

in order to detect potential bleedings. 

In general terms, if the end of the operation is to 

maintain the strategy of bleeding avoidance, the sur- 

gical team needs to take a thorough and close final 

look around the operation area to ensure it is clean. 

The closure of the abdomen in laparoscopic surgery 

is very straightforward since the 5 mm trocar positions 

simply require a skin suture or use of sterile stripes as 

necessary. The 10 mm trocar positions and especially 

the position where the gallbladder has been removed, 

need closure both, the peri toneum and the anterior 

sheath of the rectus muscle. This is mandatory practice 

in order to prevent a trocar hernia. A 10 mm trocar 

that has been placed non-vertically but more horizon- 

tal does not, in our opinion, warrant fascia suture. 

13.9. Forensic Aspects and Malpractice 
in Laparoscopic Cholecystectomy 

From 1989 to 1997, 40 legal cases of possible malpra- 

ctice in laparoscopic cholecystectomy were reported 

in Germany [42] 16 of which were found guilty of 

malpractice. The most common cause was bile duct 

injury (26 cases). Malpractice was decreed in seven of 

these cases, 2 of which constituted grave errors. The 

determinant factors of malpractice included delay in 

converting to open surgery, delayed revisions and la- 
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paroscopic  rather than open  revision in unclear situa- 

tions. 

Another  1999 article on malpractice in laparoscopic 

cholecys tec tomy from Germany  [43] repor ted  establi- 

shed medical malpractice in 25 cases up to August 1998 

in the area of the Medical chamber  of Nordrhein,  Ger- 

many. The malpractice cases mainly involved bile duct 

injuries with bil iodigestive reconstruct ion or end-to-  

end  anastomosis  or T-tube. In 4 cases a bile duct injury 

was not cons ide red  the results of malpractice due to 

intraoperat ive de tec t ion  and immedia te  treatment.  In 

two cases a trocar injury was conf i rmed  as malpract ice 

and in one case it was not. In addition, the following 

single cases were  also seen as malpractice: one  lost gall 

stone, one  dislocated Roedersnare,  one  electric injury, 

one  delayed re in tervent ion and one  insufficient pa- 

tient information.  Cases that were  cons idered  as non- 

malpractice conce rned  2 cases of a sl ipped clip, 5 cases 

of subhepatical haema toma  or abscess format ion three 

cases of secondary  bleeding,  one  of a lesion of the 

splenic capsule and one  w o u n d  infection with subse- 

quent  incisional hernia. One  electric injury of the bo- 

wel, one  bile duct lesion and one  informat ion rebuke  

three cases with fatal consequences  are also mistakes 

implicated in. 

We consider  bile duct injury as the main high risk 

in laparoscopic cholecys tec tomy because despi te  well- 

established immedia te  or later highly opt imized  treat- 

ment  techniques,  it can seriously compromise  the fu- 

ture health of the patient. This in mind,  we  stress the 

necessity of a very detai led and informative talk with 

the patient and (if wished  the relatives) in which  risks 

of the opera t ion  and consequences  have to be truthful- 

ly conveyed.  In cases of intraoperat ive injuries we  re- 

c o m m e n d  immedia te  t rea tment  by a surgeon w h o  is 

well skilled ip the managemen t  of this specific compli-  

cation in order  to avoid further legal case. This may 

well involve a patient  being sent to another  hospital 

for revision. 

13.10. Conclusion 

Based on our own  exper ience  as well as on the inter- 

national literature of malpractice,  we  want  to underli-  

ne the impor tance  of thorough documenta t ion ,  hone-  

sty with the patient, professional  training of future la- 

paroscopic  surgeons, an appropr ia te  oparat ive techni- 

que that observes  anatomic rules and accepts that stru- 

ctures may only be d iv ided  w h e n  tl~ey are clearly iden- 

tified, a high level of prof ic iency in the handl ing of 

complications,  an immedia te  react ion to complicat ions  

as soon as they present ,  wi thout  further delay. 

We believe that if these points  are kept  in mind,  the 

gold s tandard of laparoscopic cholecys tec tomy for the 

different  gal lbladder diseases will further improve  

-a long  with a decrease  in compl ica t ions-  even though 

a very high grade of profess ional ism has already been  

achieved. With an increase in s t a n d a r d i z a t i o n - w h i c h  

will most  certainly include further studies on several 

aspects that lack a c o m m o n  opin ion  on t rea tment  

s t ra tegy-  overall patient  satisfaction and benefi ts  will 

increase accordingly, cor robora t ing  surgery as the 

mainstay of t rea tment  for this widespread ,  universal 

disease. 
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IATROGENIC INJURY OF THE EXTRAHEPATIC 
BILE DUCTS. SURGICAL RECONSTRUCTION 

I.G. Kaklamanos, Kon. N. Birbas, G.N. Bonatsos 

14.1. Introduction - HiStOry 

The majority of biliary tract injuries are iatrogenic. They 
are usually associated with operations in the upper 

abdomen. More than 80% occur during cholecystecto- 

my, one of the most common intra-abdominal opera- 

tions. Langenbuch performed the first successful chole- 

cystectomy in 1882, and since then the number of cho- 

lecystectomies has increased rapidly, inevitably increa- 
sing the number of complications. Iatrogenic bile duct 
injuries are unfortunately not rare and may have disas- 
trous consequences and very significant long-term mor- 
bidity and mortality [1, 2]. With adherence to well-esta- 
blished technical principles for open cholecystectomy, 
the incidence of bile duct injuries remained at less than 
0.5% in most of the published retrospective series [3, 4]. 

Introduction of laparoscopic cholecystectomy in 

1987 signified a new era in biliary tract surgery. Lapa- 
roscopic cholecystectomy became the gold standard 
for gallstone disease and the number of laparoscopic 

cholecystectomies and other laparoscopic operations 
has rapidly increased. More specifically, the number of 
cholecystectomies performed annually has increased 
by 15-20%. Early series with large numbers of patients 
reported bile duct injury rates ranging between 0.5- 
1.5% [5], significantly increased compared with  the 
open cholecystectomy era. More recently however, 
data extracted from the Nationwide Inpatient Sample 

show that injuries requiring biliary reconstruction 

occurred in less than 0.15% of patients who underwent 

laparoscopic cholecystectomy in the year 2000 [6]. 

Some of the factors implicated in laparoscopic 
surgery-related injuries are: the monocular view of the 
conventional camera, the use of the electrocautery near 
the triangle of Calot and the surgeon's "learning curve". 

Bile duct injuries range from small postoperative 
bile leaks, with little clinical significance, to severe in- 
juries and strictures of the intrahepatic ducts with de- 
vastating consequences. Injuries resulting from laparo- 

scopic surgery are more complex than open cholecy- 

stectomy-associated injuries, frequently involve the 

proximal bile duct, and result in more extensive stri- 

cture formation. 

We will review the types and mechanisms of iatro- 
genic bile duct injuries and summarize the diagnostic 
modalities and options for surgical management. 

14.2 .  Types  o f  Injury 

14.2 .1 .  Cystic  Duct  Injuries and Bile Leak 

Bile leaks arise from three sources: the cystic duct 

(50%), a subvesical or gallbladder bed bile duct (duct 
of Luschka - 25%), or an injury to a major bile duct 
(25%). The incidence of laparoscopic cholecystecto- 

my-related minor bile leaks is reported to be up to 1% 
[7,8]. 

Cystic duct leak is the most common biliary injury 
associa tedwi th  laparoscopic cholecystectomy. The 
main mechanism is failure to ligate the cystic duct, 
most commonly as a result of failure to safely apply the 
endoscopic clips. The presence of a wide and friable 
cystic duct, as in cases of acute cholecystitis, may result 
in inadequate application of the clips. The closure of 

the cystic duct stump may be difficult if an intraope- 

rative choiangiogram has been performed through a 

short and inflamed cystic duct. In this case, the appli- 

cation of clips may be inadequate and ligation of the 
cystic duct with an "endo-loop" may be necessary. 

Severe inflammation of the gallbladder and the cy- 



180 Chapter 14: latrogenic Injury of the Extrahepatic Bile Ducts. Surgical Reconstruction 

stic duct can cause ischemic necrosis of the stump with 

postoperative bile leak. Any doubts regarding the blood 

supply and the viability of the cystic duct stump should 

make a surgeon particularly cautious. Laparoscopic su- 

ture ligation of the cystic duct or conversion to open 

procedure may be necessary in these cases. 

Bile leaks cause bile collections (bilomas) or biliary 

fistulas. Bilomas can become secondarily infected, cau- 

sing localized infection or frank peritonitis, potentially 

life-threatening complications. Percutaneous drainage 

of a biloma of any significant size is indicated to avoid 

secondary infection and peritonitis. Most of the bile 

leaks, secondary to inadequate ligation of the cystic 

duct stump resolve after endoscopic placement of a bi- 

liary stent, which seals the site of the leak and allows 

healing of the stump. Reoperation with identification 

and ligation of the cystic duct stump is sometimes ne- 

cessary. 
Excessive right upper quadrant pain or an elevated 

bilirubin in the immediate postoperative period should 

prompt investigation for a bile leak. An ultrasound or a 

CT scan examination of the area may detect a fluid 

collection, and a radionuclide imaging study [e.g., he- 

patoiminodiacetic acid (HIDA) scan] may demonstrate 

extravasation of bile in the region. Endoscopic retro- 

grade cholangiopancreatography (ERCP) is the proce- 

dure of choice to confirm a suspected bile leak, and to 

control it by placing an endoscopic stent. 

14.2.2. Extrahepatic Bile Duct Injuries 

Injuries below the confluence of the two main hepatic 
ducts are extrahepatic, whereas injures above this level 
are essentially intrahepatic, because the confluence is 
located deep in the porta hepatis. The majority of the 

injuries associated with laparoscopic cholecystectomy 

are extrahepatic. Most commonly, the extrahepatic 

portion of the common hepatic duct is injured. Injuries 

of the extrahepatic biliary ducts occur during attemp- 

ted dissection in the triangle of Calot. Inadequate 

identification of the structures results in injury of the 

common bile duct or the hepatic duct. One of these 

structures is most commonly misidentified as the cy- 

stic duct, and is clipped and transected during the ope- 

ration. If the injury is not recognized at this stage of 

the procedure, the dissection continues superiorly, 

where the right hepatic artery may be mistaken for the 

cystic artery and divided. Dissecting sharply near the 

bile ducts or near the cystic duct-hepatic duct junction 

can also cause injury. In this case, the leak of bile 

during the procedure alerts the surgeon and indicates 

the likelihood of an injury. 

Injuries of the extrahepatic bile ducts are either par- 

tial lacerations or complete transections. If the injury is 

not recognized and the dissection continues, excision 

of a part of the duct and loss of tissue may occur, ma- 

king the repair of the injury even more challenging. In 

a reported series from referral centers, simple lacera- 

tion.s form the minority, with most of the laparoscopic 

injuries being severe lacerations or transections [9]. 

14.2.3. Intrahepatic Bile Duct Injuries 

Injuries at or above the confluence of the two main he- 

patic ducts are essentially intrahepatic, because this 

anatomic area is covered by liver parenchyma. These 

injuries occur most frequently during dissection of the 

gallbladder off the liver bed, especially in the presence 

of severe inflammation and scarring of the triangle of 

Calot. The right hepatic duct is far more commonly in- 

jured than the left hepatic duct. The duct is misidenti- 

fled as the cystic duct or as an "accessory" duct, clip- 

ped, and divided. Injury to the left hepatic duct occurs 

when misidentification of the structures results in dis- 

section on the medial aspect of the common bile duct. 

Even experienced laparoscopic surgeons may encoun- 

ter difficulties in dissection and identification of stru- 

ctures in the porta hepatis. Prompt cholangiography 
and a willingness to convert to open cholecystectomy 

may prevent a serious injury. Inability to perform cho- 

langiography or the appearance of an "incomplete" or 

inadequate cholangiogram, are indications to convert 

to an open procedure. 
A clinically relevant classification of bile duct inju- 

ries has been proposed by Bergman et al in 1996 [10]. 

According to this system injuries are classified in 4 

major categories shown in table 14.1. 

14 .2 .3 .1 .  Strictures o f  the Bile D u c t s  

Bile duct strictures following cholecystectomy occur 

either early or late after the operation. The severity of 

the stricture may vary according to the degree and the 

location. They can be classified in four types according 

to the system described by Bismuth [11] (fig. 14.1). 

Grade I strictures are distal strictures located more 
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than 2 cm from the confluence of the left and right 

hepatic ducts; grade II strictures involve the common 

hepatic duct, less than 2 cm from the confluence; grade 

III strictures are within lcm of the confluence; and 

grade IV strictures involve the hepatic duct confluence. 
Chances of a successful repair and a satisfactory out- 

come vary inversely with the grade of the stricture. 

Direct injury to the duct, clipping of the duct, ther- 

mal injury, devascularization of the duct during disse- 
ction, or inflammation and scarring secondary to bile 

leakage represent the main mechanisms of stricture 

formation. Application of a clip near the confluence of 

the cystic duct with the hepatic duct may cause partial 

or complete obstruction of the common hepatic duct. 

This type of stricture usually occurs early, within days 

or weeks of the operation. Strictures caused by secon- 

dary inflammation or thermal injury sometimes beco- 

me clinically obvious months or even years after the 

original operation. 

Ischemia is an important etiologic factor for the 

formation of bile duct strictures. The hepatic duct and 

the common bile duct receive their blood supply from 

axial arteries located generally at the 3 and 9 o'clock 

positions (fig. 14.2). Unnecessary dissection around 

the common bile duct during laparoscopic cholecy- 

stectomy and excessive use of electrocautery can cause 

damage fo the feeding vessels, with subsequent forma- 

tion of ischemic strictures. 

Bile leak from the cystic duct or from minuscule in- 

juries of the common bile duct can cause an intense lo- 

cal inflammatory response, which may become further 

complicated with infection. Inflammation results in fi- 

brosis and scarring, contributing to stricture formation. 

Scar tissue may also result from a hematoma in the 

porta hepatis, if adequate hemostasis was not achieved 

during the original operation. 

Iatrogenic strictures of the major bile ducts can be 
potentially devastating complications that usually re- 

quire surgical repair. Endoscopic and transhepatic sten- 

ting and dilation may be used as a temporary manage- 

ment of a stricture to alleviate infection, jaundice, and 

inflammation before definitive repair is embarked upon. 

14.3. Mechanisms of Injury and Risk Factors 

14.3 .1 .  Anatomic  Variat ions  

The anatomy of the biliary ducts and blood vessels in 

the area of hepatoduodenal ligament can vary greatly 

making anatomic variation the rule rather than the ex- 

ception. The cystic artery usually arises from the right 
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Fig. 14.2. The arterial blood 
supply to the biliary tree. 

hepatic artery, but it may also arise from the left he- 

patic, common hepatic, gastroduodenal, or even the 

superior mesenteric artery (fig. 14.3). Double or acces- 

sory cystic arteries are present in 8-12% of cases. The 

course of the cystic artery may also vary, usually cros- 

sing behind, but sometimes anterior to, the common 

hepatic duct. If the cystic artery originates from the 

proximal portion of the right hepatic artery or from the 

common hepatic artery, then it may lie close to the 

common hepatic duct. In this case, the duct could be 

injured during the dissection or the clipping of the cy- 

stic artery. 

Variations of the anatomic position of the cystic duct 

are also common. Accessory hepatic ducts are present 

in approximately 15% of cases. They usually drain a 

portion of the right lobe of the liver and join the right 

hepatic duct, the common hepatic duct, or the infun- 

dibulum of the gallbladder. The duct of Luschka is a 

small accessory duct that may drain directly from the 

liver into the body of the gallbladder. 

The plethora of anatomic variations in the area of 

the triangle of Calot dictates extreme caution during 

laparoscopic dissection. All structures should be recog- 

nized with certainty before being ligated and divided. 

Recognition of the junction of the cystic dUCtWith the 

gallbladder may be difficult in the presence of inflam- 

mation. Any doubts about the anatomic position of the 

structures should prompt intraoperative cholangio- 

gram and conversion to open surgery, if necessary. 

14.3.2. Complicated Pathology 

Acute inflammation and scarring of the triangle of 

Calot constitute risk factors for iatrogenic injury. Acute 

edematous infiltration of the tissues, as in cases of acu- 

te cholecystitis or acute pancreatitis, obscures the sur- 

geon's view and jeopardizes the recognition of structu- 

res. In cases of long-standing chronic cholecystitis, the 

gallbladder becomes small and fibrosed (scleroatro- 

phic gallbladder). As a result of the fibrosis in the porta 

hepatis, recognition of the structures and dissection 

may be extremely laborious during laparoscopic chole- 

cystectomy, predisposing to injuries. 

Involvement of the common bile duct may occur in 

cases of severe inflammation of the gallbladder, as it 

does in cases of Mirizzi syndrome or in cholecystobi- 

liary fistula [12]. Any attempt to continue the proce- 

dure laparoscopically may cause severe injury to the 

common bile duct. Typical cholecystectomy may not 

be feasible in these cases. Conversion to an open pro- 

cedure is usually necessary in order to perform chole- 

cystectomy, chlolecystostomy, or repair of the com- 

mon bile duct, as needed. 

Distortion of the anatomic relationship of the com- 

mon bile duct with the duodenum may also be caused 

by the presence of a penetrating duodenal ulcer. In- 

flammation in cases of acute or chronic pancreatitis 

can also cause difficulty in recognition of the structures 

in the triangle of Calpt. Thorough preoperative investi- 

gation minimizes the possibility of these conditions 
being unexpectedly discovered during laparoscopic 

cholecystectomy. This being the case however, laparo- 

scopic dissection may be considered unsafe, rendering 

conversion of the procedure to open necessary. 

14.3.2.1. Technical Errors 

With accumulation of experience and upon review of 

multiple complications, it has been shown that an in- 

appropriate operative technique is also a predisposing 

factor for bile duct injuries. In this section we will pre- 

sent the so-called technical errors that have been iden- 

tified as contributing to bile duct injury. 

In order to expose structures and facilitate disse- 

ction during laparoscopic cholecystectomy, cephalad 

and lateral retraction of the gallbladder is. necessary. 

Errors in the retraction technique may predispose to 

bile duct injuries. Excessive retraction of the gallblad- 
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Fig. 14.3. Aberrations of the anatomy of the cystic artery:~J Arises 
from the right hepatic artery in 95% of cases, B) Arises from the ga- 
stroduodenal artery, C) Two cystic arteries arising from the right he- 
patic and common hepatic arteries, D) Two cystic arteries arising 
from the right and left hepatic arteries. 

der may cause common bile duct injury by avulsing 

the cystic duct off the common bile duct. The assistant 

should be cautious, especially in the presence of acute 

inflammation or a gangrenous gallbladder where infla- 

med bile ducts become friable. Inadequate or medial 

retraction of the gallbladder predisposes to injury by 

obscuring the space between the common bile duct 
and the cystic duct. 

Application of clips too close to the cystic duct- 

common bile duct junction may cause partial obstru- 

ction of the common bile duct with subsequent scar 

tissue formation and stricture. This type of injury can 

be avoided by clearly identifying the cystic duct-com- 

mon bile duct junction before clipping. Strenuous dis- 

section too close to the common bile duct may jeopar- 

dize blood supply with secondary formation of a stri- 

cture. Dissection should be avoided at the 3 and 9 o' 

clock positions of the axial vessels providing the blood 

supply to the duct. Vigorous dissection close to the 

common bile duct wall should also be avoided, again 

because of risk of direct injury, especially if inflamma- 

tion is present. Dissection should be done close to the 

cystic duct-gallbladder junction, and not near the com- 

mon bile duct. 

The "blind" application of clips to obtain hemosta- 

sis is another frequent error. When the view of the sur- 

geon is obscured by blood, irrigation of the area and 

cleaning of the laparoscope provide adequate view for 

identification of the bleeding vessel and hemostasis. If 

laparoscopic control of the bleeding is not possible, 

the procedure should be converted to open before sig- 

nificant blood loss occurs. Technical errors have been 

attributed to most cases of bile duct injuries [13]. Al- 

though these are more likely to occur early in the sur- 

geon's "learning curve", major duct injuries continue to 

occur, even after technical competence is achieved 

[14]. 

14.3.3. Thermal and Laser Injuries 

Hemostasis and dissection during laparoscopic chole- 

cystectomy are greatly facilitated by using the electro- 

cautery. Propagation of thermal energy depends on the 

relative conductivity of the tissue, which varies with 

the content in water and lipids. The depth of penetra- 

tion into the surrounding tissues cannot be precisely 

controlled. Excessive use of high-intensity electrocau- 

tery may cause burn injuries to the bile ducts or late 

strictures by coagulating the vessels and jeopardizing 

the blood supply. The use of electrocautery during 

dissection near the common bile duct should be avoi- 

ded. If the use of electrocautery is necessary for obtai- 

ning hemostasis, it should be of very short duration 

and low intensity. Bipolar electrocautery, which deli- 

vers energy between two points in a more controlled 

fashion, may be a safer technique. 

The initial enthusiasm for the use of laser during 

laparoscopic cholecystectomy collapsed after the ob- 

servation that laser can cause severe injuries with loss 

of tissue [15]. The use of both electrocautery and laser 

should be avoided near metallic clips, which conduct 

the temperature and can cause thermal injury to sur- 

rounding tissues. 
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14.4. Diagnosis of the Injury 

14.4.1. Presentation of the Patient 

If the injury is not recognized intraoperatively, signs 

and symptoms vary according to the type and severity 

of the injury. Patients with small leaks from the cystic 

duct usually present with right upper quadrant pain, 

caused by intraperitoneal collection of bile. Fever and 

leukocytosis are common findings if infection is pre- 

sent. Lacerations of the common bile duct result in lar- 

ge accumulations of bile, which causes significant peri- 

toneal irritation with severe pain, nausea, and vomi- 

ting. Patients with postoperative biliary fistula or sub- 

hepatic abscess usually have persistent symptoms of 

nausea and vomiting, abdominal distention, and mild 

abdominal pain. These symptoms are often recognized 

and evaluated by the original surgeon. Physical exami -i 

nation reveals tenderness and guarding in the right 

upper quadrant. Absorption of bile from the peritoneal 

cavity results in elevation of total and direct bilirubin. 

Frank peritonitis is caused from suprainfection of bile. 

In these cases, the patient may present with a septic 

picture, including high fever, elevated white blood cell 

count, and positive blood cultures. 

Patients with postoperative bile duct strictures, pre- 

sent with a picture of biliary obstruction. The time of 

presentation varies, but nearly 70% of patients are 

diagnosed within the first 6 months. If the injury is su- 

spected at the time of surgery and the patient is regu- 
larly followed, the first finding is usually a progressive 

elevation of liver function tests, particularly alkaline 
phosphatase and bilirubin. The patient may also pre- 

sent with jaundice or episodes of cholangitis caused by 

cholestasis. 
The most valuable laboratory investigation is a com- 

plete liver profile, which will show evidence of chole- 

stasis. Total and direct bilirubin may be elevated, alka- 

line phosphatase is usually elevated, and the aminotras- 

ferases may be normal or slightly elevated. If long- 

lasting obstruction is present, the synthetic function of 

the liver may be impaired, as shown by elevated pro- 

thrombin time and low albumin. 

14.4.2. Imaging Studies 

If a bile collection in the right upper quadrant is su- 

spected, a computed tomography (CT) scanning of the 

abdomen will visualize the collection. In addition, the 

size of the common bile duct can also be assessed by 

ultrasonography (US). If the collection is small, it may 

be difficult to differentiate from postoperative changes 
or small hematomas in the subhepatic area. In these ca- 

ses, hepatobiliary scintigraphy may be helpful in visua- 

lizing an active bile leak or in demonstrating a comple- 
te duct obstruction. Scintigraphy, however, cannot 
provide adequate anatomic definition of the injury, 

and further investigation will be necessary. 

A magnetic cholangiopancreatography (MRCP) is a 

non invasive study which can visualize a leak, a strictu- 

re or a collection. MRCP can provide valuable informa- 

tion on planning a further investigation and choosing a 

management strategy. 
The study of choice in patients with suspected bile 

duct injury is the endoscopic retrograde cholangiopan- 
creatography (ERCP). ERCP can detect bile leaks from 
the cystic duct or from a lacerated common hepatic 

duct, bile duct strictures or retained stones. The use of 

ERCP also offers important therapeutic options in the 

management of bile duct injuries, which are discussed 

below. 
Percutaneous transhepatic cholangiography (PTC) 

is a valuable tool in assessing the proximal extent of 

the injury and in identifying the proximal biliary stump 

in view of surgical correction (fig. 14.4). In cases of com- 
plete obstruction, PTC can also visualize injured seg- 
mental ducts or be flsed for drainage of the proximal 
biliary tree. The information obtained from direct vi- 
sualization of the biliary tree with ERCP or PTC is essen- 
tial before any surgical repair of the injury is attempted. 

14.5. Management of Bile Duct Injuries 

The strategy in the management of bile duct injuries 

depends upon two major factors: the type of injury and 

the time elapsed from the original operation. Advances 

in endoscopic and interventional techniques, offer 

valuable options in the treatment of complex injuries. 

The treatment of choice is surgical reconstruction of 

the injury or the strictures, combined if necessary, 

with endoscopic or percutaneous techniques. 

14.5.1. Nonsurgical Methods 

Interventional radiologic methods applied in the ma- 
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Fig. 14.4. PTC: Ligation of common hepatic duct with marked dilata- 
tion of the intrahepatic biliary tree. 

nagement of bile duct injuries include PTC and the 

drainage of collections. CT -or US- guided drainage of 

bilomas must be done promptly after diagnosis. Bacte- 

riologic examination of the fluid indicates the appro- 

priate antibiotic coverage in cases of infection. Percu- 

taneous catheter drainage of an infected collection is 

advisable before any surgical reconstruction is attemp- 

ted. The transhepatic approach offers the option of 

draining the proximal biliary tree in cases of complete 
biliary obstruction. After the identification of the pro- 

ximal extent of the injury, a transhepatic catheter can 

be placed over a guide wire, and left in place until the 
definitive reconstruction. Percutaneous techniques al- 
so have been used in the management of biliary stri- 

ctures. Balloon dilators of various sizes are passed 

transhepatically over a guide wire to dilate biliary stri- 

ctures. A stent is then left in place to maintain patency 

of the duct. Long-term results of this technique seem 

to be quite satisfactory [16, 17]. 

ERCP is a valuable tool in the diagnosis and mana- 

gement of bile duct injuries. Bile leaks from the cystic 

duct can be managed entirely endoscopically. After the 

site of the leak has been identified, a sphincterotomy is 

performed in order to lower the pressure in the com- 

mon bile duct. Bile flow is pressure dependent and 

bile will take the path of least resistance. By lowering 

the pressure in the common bile duct, bile will flow 

preferentially distally into the duodenum and not 

through the cystic duct stump. Placement of a stent at 

the level of the leaking cystic duct may seal the leak 

and facilitate healing. The stent is usually removed 

after 3-4 weeks. The results of this technique are quite 

satisfactory [18]. Endoscopic dilatation of bile duct 

strictures can be attempted in cases of low-grade stri- 

ctures and in patients who are poor surgical candida- 

tes. After a sphincterotomy is performed, a balloon 

catheter is advanced to the level of the stricture, and 

dilatation is attempted by inflating the balloon. After 

successful dilatation, a stent is left in place, to be remo- 

ved after several weeks. The medium - and long-term 

results of this technique show that over 60-70% of pa- 

tients remain symptom-free for long time-periods [16]. 

Interventional radiologic and endoscopic techniques 

may be used alone or in combination with surgery for 

the management of postoperative bile duct injuries, in 

selected groups of patients. Surgical reconstruction re- 

mains the gold standard in the management of iatroge- 

nic injuries of the bile ducts. 

14.5.2. Surgical Treatment 

Mayo performed the first reconstruction of a post cho- 

lecystectomy injury in 1905 by anastomosing the hepa- 

tic duct with the jejunum. The goal of the operative re- 

construction is to restore the continuity of the biliary 

tree or to re-establish normal flow of bile. The two 
main categories of reconstructive operations are: (1) 

re-establishment of the continuity of the biliary tract 

by directly re-anastomosing the injured bile duct, and 

(2) creating an anastomosis between the bile duct and 

the gastrointestinal tract. The type of operation de- 

pends on the type of injury, the timing of the repair, 

and the experience of the surgeon. The general princi- 

ple dictating the strategy of repair is that the recon- 

structive procedure should always be performed by an 

experienced surgical team, in a high volume hospital. 

If this is not the case, the patient should be referred to 

another institution for definitive repair. 
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14.6. Repair of Injuries Recognized 
at the Time of Initial Surgery 

14.6.1.  Repai r  of  Cyst ic  Duct  Leaks 

This represents a type A injury usually with excellent 

prognosis. If recognized at the time of initial surgery, 

the procedure is converted to open. The leaking duct 

is recognized and safely ligated. The subhepatic area is 

drained with a closed suction tube. 

14.6.2.  Repai r  of  Small  Lacerat ions  

Small partial lacerations of the bile ducts or small in- 

juries that result from avulsion of the cystic duct can be 

repaired directly over a T-tube. The defect of the bile 

duct wall should be minimal, and the blood supply 

preserved in order to safely attempt this approach. Mo- 

re extensive injuries or thermal injury to the bile duct 

usually require Roux-en-Y reconstruction with hepati- 

co-jejunostomy, proximal to the level of the injury. 

14.6.2.  I. End-To-End Repair 

If bile duct injury is suspected at the time of the lapa- 

roscopic cholecystectomy, an intraoperative cholan- 

giogram should be performed to confirm the injury 

and to delineate the anatomy of the bile ducts. The 

procedure is converted to open celiotomy and the 

injury is reassessed. If the injury involves the common 

bile duct, an end-to-end anastomosis of the duct may 

be attempted. This type of repair should be avoided, 

however, in cases of injury near the confluence of the 

two hepatic ducts. Absolute requirements for electing 

this procedure are: (1) no loss of bile duct tissue, (2) 

sufficient length of the duct to allow a tension-free 

anastomosis, (3) a bile duct of adequate size, (4) 

preserved blood supply to the two stumps, and (5) 

absence of infection in the right upper quadrant. 

The duodenum is mobilized with a Kocher ma- 

noeuver to facilitate the approximation of the two 

segments. The segment of the duct that has sustained a 

sharp injury or has been clipped should be excised to 

well vascularized viable tissue. A single layer anasto- 

mosis is constructed in an end-to-end fashion by using 

monofilament absorbable or nonabsorbable suture 

material. A T-tube is usually placed in the duct with the 

long limb exiting through a separate site. The T-tube is 

removed after a few weeks. A closed system or a sump 

catheter can be left in place to drain any bile leaks (fig. 

14.5). 
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Fig. 14.5. Surgical reconstruction of an injury to the common bile duct. End to end repair over a T-tube. 
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Fig. 14.6. PTC: Transection of common hepatic duct. Extravasation 
of contrast in the peritoneal cavity. 

1 4 . 7 .  R e p a i r  o f  B i l ia ry  S t r i c t u r e s  and  In jur ies  

R e c o g n i z e d  P o s t o p e r a t i v e l y  

The majority of bile duct injuries are recognized post- 

operatively. Therefore, reconstruction takes place se- 

veral days or even weeks after the initial operation. In 

a similar way, operations for biliary strictures are car- 

ried out after a significant time period has elapsed sin- 

ce the initial operation. As a result, inflammatory rea- 

ction or fibrosis may be found at the time of reconstru- 

ction (fig. 14.6). Drainage of bile collections and con- 

trol of infection is essential before any attempt of re- 

construction. The goal of the operation is to create an 

anastomosis between the bile duct and the gastrointe- 

stinal tract. The segment of the GI tract used for the 

anastomosis is either the duodenum (choledochoduo- 

denostomy) or the jejunum (Roux-en-Y choledocho- or 

hepatico-jejunostomy). Using the duodenum for the 

anastomosis offers the advantage of endoscopic acces- 

sibility should a postoperative anastomotic stricture 

develop. Creation of a choledocho-duodenostomy, 

however, is not feasible in most cases owing to the di- 

stance between the segment of the duct proximal to 

the injury and the duodenum. The anastomosis is also 

prone to stricture formation, due to the small size of 

the injured bile duct, or the presence of crush or ther- 

mal injury to the duct. 

14 .7 .1 .  Hepatico-Jejunostomy 

This procedure is accepted as the gold standard of sur- 

gical repair for major biliary injuries and strictures. 

The operation involves dissection of the area of the 

porta hepatis and identification of the bile ducts. The 

injury or stricture is identified and any devitalized or 

fibrosed tissue is excised. Placement of an endoscopic 

or transhepatic stent in the biliary duct before the 

operation may facilitate the recognition of the structu- 

res and the dissection. The distal bile duct is sutured 

and the proximal segment is debrided to healthy 

tissue. A Roux-en-Y loop of jejunum is used to create 

an end-to-side mucosa-to-mucosa anastomosis (fig. 

14.7). The anastomosis can be performed in one or 

two layers using absorbable or nonabsorbable monofi- 

lament suture material. The use of transanastomotic 

stents is controversial. The use of the stent is not ne- 

cessary when the distal hepatic duct or the common 

bile duct is used for a wide mucosa-to-mucosa anasto- 

mosis has been created {19]. For intrahepatic anasto- 

mosis near the confluence of the hepatic ducts, the 

placement of the stent may facilitate the creation of the 

anastomosis, a T-tube, or a silastic transhepatic tube 

can be used as a stent (fig. 14.8, 14.9). The timing of 

t / / ; / " / / i ' t  , , !  ...... 
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Fig. 14.7. Repair of a proximal injury. Hepatico-jejunostomy at the 
level of the hepatic duct confluence. 



188 Chapter 14: latrogenic Injury of the Extrahepatic Bile Ducts. Surgical Reconstruction 

i~;i  " ::i~:/~71 ...... ~: % 

{ {T'H4{-  {7i'i" 7" 

LT!} }"7 b~}::H %}L,:~:!4 ~:' ! i  

} IUi:~J' i I t i i _  t'~i;~4 

future [20]. The use of a Roux-en-Y limb of jejunum is 

preferable because it prevents the reflux of intestinal 

contents into the bile duct and minimizes the risk of 

cholangitis. 

Fig. 14.8, 14.9. Hepatico-jejunostomy with placement of a transhe- 
patic silastic tube. Contrast is flowing into the jejunal limb. 

removal of the stent depends on the quality of the bi- 

liary segment used for the anastomosis. If the proximal 

segment of the duct is fibrosed or adequate length is 

not available for a mucosa-to-mucosa anastomosis, a 

long-term stent may be necessary. A horseshoe-shaped 

metallic marker or a coronary bypass type "O" ring can 

be sewn to the anti-mesenteric border of the Roux 

limb and secured to the an{erior abdominal wall to 

allow for a transjejunal biliary intervention in the 

14.7.2. Repair of Proximal Biliary Injuries. 
The Hepp-Couinaud Technique 

Biliary injuries or strictures located close to the con- 

fluence of the hepatic ducts or (Bismuth type III and 

IV) are technically difficult to repair. Often the con- 

fluence has to be debrided and an anastomosis bet- 

ween both the hepatic ducts and the jejunum is crea- 

ted. In cases of severe inflammation of the area ade- 

quate dissection or visualization of the confluence may 

be challenging. The use of the left hepatic duct for an 

anastomosis proximal to the bifurcation may be prefe- 

rable in these cases because of (1) the anatomic inte- 

grity of the left hepatic duct and its branches, and (2) 

the left duct being more accessible than the right in the 

hilum of the liver. 

Based on the anatomic works of Couinaud, Jacques 

Hepp re-described the operative technique of exposu- 

re and dissection of the intrahepatic segment of the left 

hepatic duct and the creation of anastomosis of the left 

hepatic duct with a limb of jejunum for the repair of 

proximal biliary duct strictures [21]. The left hepatic 

duct lies outside the liver parenchyma, between the 

caudate and the quadrate lobes of the liver. The left 

duct is the most anterior element of the portal triad. By 

dividing the hilar plate ("la plaque hilair") which 

Couinaud described as a "thickened part of Glisson's 

capsule", the left hepatic duct can be exposed. Initially, 

the surgeon needs to carefully dissect by the area of 

the hilum and to recognize the confluence of the 

hepatic ducts. The use of a 25 G needle to aspirate bile 

facilitates the identification of the ducts. An intraope- 

rative cholangiogram is performed to delineate the 

anatomy. The "ligamentum teres" is divided and the 

cephalad retracted to expose the inferior aspect of the 

liver. Glisson's capsule is incised between the caudate 

and quadrate lobes, and the hilar plate is separated 

from the liver parenchyma with blunt dissection. The 

left hepatic duct is opened after it has been exposed, 

and a wide side-to'side hepatico-jejunostomy with a 

Roux-en-Y limb of jejunum is created (fig. 14.10). The 

use of a stent is optional and depends on the technica- 
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Fig. 14.10. Dissection of the hilar plate and visualization of the in- 

trahepatic p o r t i o n  o f  t h e  l e f t  hepatic duct to create an end-to-site 

h e p a t i c o - j e j u n o s t o m y .  
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F i g .  1 4 . 1 1 .  The "mucosal graft" technique. A silastic tube is sutured 

t o  the jejunum and p u l l e d  b a c k  t o  b r i n g  t o g e t h e r  the jejunum and 

the intrahepatic p o r t i o n  o f  t h e  l e f t  hepatic duct. 

lities of  each  par t icular  anas tomos i s  and  the p r e f e r en -  

ces of  the surgeon.  The  s tent  m a y  be  a "U"-shaped tube 

or a s traight  tube  exi t ing th rough  the l iver or th rough  

the je junum. The  subhepa t ic  area  is d r a i n e d  wi th  a clo- 

sed  suct ion or a sump  drain,  w h i c h  is r e m o v e d  post-  

opera t ive ly ,  if t he re  is no bil iary dra inage .  

14.7.3. Mucosal Graft" The Rodney-Smith 
Technique 

If the c rea t ion  of  a m u c o s a - t o - m u c o s a  anas tomos i s  is 

not  feasible,  due  to the inabil i ty to dissect  an exces-  

s ively f ib rosed  hi lum, the mucosa l  g ra f t - t echn ique  can 

be  used  to c rea te  a c o m m u n i c a t i o n  of  the left hepa t ic  

duct  wi th  the je junum. The  left hepa t ic  duct  is cannu-  

la ted t ranshepat ica l ly .  The  tube  is a d v a n c e d  to the hi- 

lum of the liver and  pu l led  out at the level of  the hepa-  

tic duct  conf luence .  The  tube  is subsequen t ly  in t rodu-  

ced  in the jejunal loop,  t h rough  an o p e n i n g  and  sutu- 

red  to the je junum. The  t ranshepa t i c  tube is pu l led  to 

p lace  the je junum into the h i lum of the liver (fig. 

14.11). The  se rosa  of  the j e junum is su tured  to the Glis- 

son 's  capsule  wi th  in t e r rup ted  sutures. Acceptab le  long- 

t e r m  results have  b e e n  r e p o r t e d  for this t e chn ique  in 

ear l ier  pa t ien t  ser ies  [22]. 

1 4 . 8 .  P e r i o p e r a t i v e  a n d  L o n g - T e r m  R e s u l t s  

The ope ra t i ve  mor ta l i ty  for repai r  of  bile duct  strictu- 

res is significant.  In a cumula t ive  r e v i e w  of 7,643 pro-  

cedures  p e r f o r m e d  in 5,586 pat ients ,  an overal l  mor t a -  

lity rate of 8.3% was  r e p o r t e d  [23]. More  r ecen t  re- 

v iews,  h o w e v e r ,  r epor t  mor ta l i ty  of  less than 5% [24]. 

The  n u m b e r  of  p rev ious  a t t empt s  of  repai r  and  type  of  

s t r ic ture  s ignif icant ly  inf luences  ope ra t ive  morta l i ty .  

O p e r a t i o n s  for repai r  of type III and  IV str ictures,  as 

wel l  as o p e r a t i o n  p e r f o r m e d  for repai r  of  r ecu r ren t  

s tr ictures,  have  cons ide rab ly  h igher  mortal i ty .  Morbi -  

di ty is also signif icant  and  in f luenced  by the s a m e  fa- 

c tors  [24]. The  mos t  c o m m o n  p o s t o p e r a t i v e  compl ica -  

tions for opera t ions  p e r f o r m e d  for biliary recons t ruc t ion  

are: ana s tomo t i c  leak, cholangit is ,  and  hepat ic  failure. 

Long - t e rm  fol low up of  pa t ien ts  u n d e r g o i n g  bil iary 

r econs t ruc t ion  is necessa ry  due  to the high inc idence  

of  r ecu r r en t  s t r ic ture  fo rmat ion .  Pat ients  wi th  recur-  

rent  s t r ic tures  usually p r e s e n t  wi th  a b d o m i n a l  pain,  li- 

ver  failure, jaundice,  and  r ecur ren t  ep i sodes  of  cholan-  

gitis. S o m e  pa t ien ts  p r e s e n t  wi th  mi ld  e leva t ion  of  li- 

ver  funct ion  tests, but  r e m a i n  a symptoma t i c .  Grad ing  

sys tems  have  b e e n  d e v e l o p e d  to evaluate  the o u t c o m e  

of pa t ien ts  u n d e r g o i n g  ope ra t i ons  for a b e n i g n  bil iary 

s t r ic ture  ( table  14.2). 
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Mild elevation of liver enzymes is not uncommon 

after biliary reconstruction. Progressive elevation of li- 

ver enzymes even in the absence of symptoms should 

alert the surgeon to further investigate the possibility 

of a recurrent stricture. Ultrasound examination of the 

liver may show intrahepatic duct dilatation. If the bile 

ducts are dilated or if the patient experiences episodes 

of cholangitis, imaging of the biliary tree becomes ne- 

cessary. If a Roux-en-Y hepatico-jejunostomy has been 

created, a detailed imaging of the bile ducts and the 

anastomosis can be achieved with percutaneous trans- 

hepatic cholangiography. 

Good long-term results can be achieved in 70-90% 

of patients [26]. The success of the repair is inversely 

related to the number of previous operations for re- 

construction. Other factors influencing the outcome 

are: the type of injury, the type of repair, and the expe- 

rience of the surgeon. Operations for repair of proxi- 

mal injuries present a higher incidence of recurrent 

strictures. For proximal, mainly type IV strictures, su- 

perior results have been reported with the Hepp-Coui- 

naud technique. Long-term results of end-to-end pri- 

mary repair of the bile duct seem to be inferior overall 

to the results of the hepaticojejunostomy. A failure rate 

of 40-50%, for end-to-end repair, has been reported in 

series with long patient follow up [27]. 

The presence of an arterial injury combined with a 

bile duct injury is one deserving particular attention. 

The incidence of an arterial injury was observed in 7% 

of patients who had previously undergone open chole- 

cystectomy, in an autopsy series [28]. Although there is 

no data available for patients undergoing laparoscopic 

cholecystectomy, one could speculate that incidence 

may be even higher. The incidence of combined 

vascular and biliary injuries exceeds 20-30% in most 

series. Surgical reconstruction of combined arterial 

and biliary injuries are technically challenging. As a re- 

suit, operative morbidity and mortality are higher and 

long term results are inferior compareed with isolated 

biliary injuries [29]. 

The experience of the surgeon is also an important 

factor and one that can influence the outcome of the 

operation. The success of the initial repair is crucial to 

the long-term patency of the anastomosis. If the sur- 

geon is not experienced in performing high hepatico- 

jejunostomies, he or she should ask for assistance or 

refer the patient to a center with experience in this ty- 

pe of operation. 

Long-term follow up of patients is necessary becau- 

se recurrent strictures may appear months or even 

years after the initial repair. Approximately two-thirds 

of recurrent strictures will appear within 2 years, and 

90% within five years of the initial operation [30]. If a 

recurrent stricture occurs, transhepatic balloon dilata- 

tion and stent placement may prove effective. Percuta- 

neously placed angioplasty balloon catheters are used 

to progressively dilate the stricture. A stent is left in 

place after the procedure. Most patients with recurrent 

strictures however, will require re-operation. Re-ope- 

rations for repair of recurrent bile duct strictures are 

generally more laborious, due to the significant amount 

of fibrosis present and the difficult dissection of the hi- 

lum of the liver. In this case, utilization of the left he- 

patic duct for the anastomosis can be an effective ap- 

proach. 

References 

[1] Moossa AR, Mayer AD, Stabile B. Iatrogenic injury to the 
bile duct. Who, how, where? Arch Surg. 1990; 125:1028-31. 

[2] Smith EB. Iatrogenic injuries to extrahepatic ducts and as- 
sociated vessels: a twenty-five-year analysis. J Natl Med 

Assoc. 1982; 74:735-8. 
[3] Roslyn JJ, Binns GS, Hughes EF, Saunders-Kirkwood K, 

Zinner MJ, Cares JA. Open cholecystectomy. A contempo- 

rary analysis of 42,474 patients. Ann Surg. 1993; 218:129- 

37. 
[4] Gouma DJ, Go PM. Bile duct injury during laparoscopic 

and conventional cholecystectomy. J Am Coll Surg. 1994; 

178:229-33. 
[5] Deziel DJ, Millikan KW, Economou SG, Doolas A, Ko ST, 

Airan MC. Complications of laparoscopic cholecystectomy: 

a national survey of 4,292 hospitals and an analysis of 77, 

604 cases. AmJ Surg. 1993; 165:9-14. 



I.G. Kaklamanos, Kon. N. Birbas, G.N. Bonatsos 191 

[6] Dolan JP, Diggs BS, Sheppard BC, Hunter JG. Ten-year 

trend in the national volume of bile duct injuries requiring 
operative repair. Surg Endosc. 2000; 19:967-973. 

[7] Bonatsos G, Leandros E, Dourakis N, Birbas C, Delibaltada- 
kis G, Golematis B. Laparoscopic cholecystectomy. Intra- 

operative findings and postoperative complications. Surg 

Endosc. 1995; 9:889-93. 
[8] Wolfe BM, Gardiner BN, Leary BF, Frey CF. Endoscopic 

cholecystectomy. An analysis of complications. Arch Surg. 

1991; 126:1192-8. 

[9] Gentileschi P, Di Paola M, Catarci M, et al. Bile duct inju- 

ries during laparoscopic cholecystectomy: a 1994-2001 au- 

dit on 13,718 operations in the area of Rome. Surg Endosc. 

2004; 18:232-6. 

[10] Bergman JJGHM, van den Brink GR, Rauws EAJ, et al. 
Treatment of bile duct lesions after laparoscopic cholecy- 

stectomy. Gut 1996; 38:141-147. 
[11] Blumgart LH, Kelley CJ, Benjamin IS. Benign bile duct stri- 

cture following cholecystectomy: critical factors in mana- 

gement. BrJ Surg. 1984; 71:836-43. 
[12] Csendes A, Diaz JC, Burdiles P, Maluenda F, Nava O. Miriz- 

zi syndrome and cholecystobiliary fistula: a uni-fying clas- 

sification. BrJ Surg. 1989; 76:1139-43. 

[13] Davidoff AM, Pappas TN, Murray EA, et a!. Mechanisms of 

major biliary injury during laparoscopic cholecystectomy. 

Ann Surg. 1992; 215:196-202. 

[14] Archer SB, Brown DW, Smith CD, Branum GD, Hunter JG. 
Bile duct injury during laparoscopic cholecystectomy: re- 

suits of a national survey. Ann Surg. 2001; 234:549-59. 
[15] Easter DW, Moossa AR. Laser and laparoscopic cholecyste- 

ctomy. A hazardous union? Arch Surg. 1991; 126:423. 
[16] Kassab C, Prat F, Liguory C, et al. Endoscopic management 

of post-laparoscopic cholecystectomy biliary strictures. Long- 

term outcome in a multicenter study. Gastroenterol Clin 

Biol 2006; 30:124-9. 

[17] Born P, Rosch T, Bruhl K, Long-term results of endoscopic 
and percutaneous transhepatic treatment of benign biliary 
strictures. Endoscopy. 1999; 31:725-31. 

[18] Howell DA, Bosco JJ, Sampson LN, Bula V. Endoscopic ma- 
nagement of cystic duct fistulas after laparoscopic cholecy- 
stectomy. Endoscopy. 1992; 24:796-8. 

[19] Lillemoe KD, Pitt HA, Cameron JL. Postoperative bile duct 

strictures. Surg Clin North Am. 1990; 70:1355-80. 
[20] Branum G, Schmitt C, Baillie J, et al. Management of major 

biliary complications after laparoscopic cholecystectomy. 

Ann Surg. 1993; 217:532-41. 
[21] Hepp J. Hepaticojejunostomy using the left biliary trunk for 

iatrogenic biliary lesions: the French connection. World J 

Surg. 1985; 9:507-11. 
[22] Wexler MJ, Smith R. Jejunal mucosal graft: a sutureless te- 

chnic for repair of high bile duct strictures. Am J Surg. 1975; 

129:204-11. 

[23] Genest JF, Nanos E, Grundfest-Broniatowski S, Vogt D, 

Hermann RE. Benign biliary strictures: an analytic review 

(1970 to 1984). Surgery. 1986; 99:409-13. 
[24] Sicklick JK, MD, Camp MS, MD, Lillemoe KD, et al. Surgi- 

cal Management of Bile Duct Injuries Sustained During La- 

paroscopic Cholecystectomy Perioperative Results in 200 

Patients. Ann Surg 2005; 241:786-795. 
[25] McDonald ML, farnell MB, Nagorney DM, et al. Benign bi- 

liary strictures: repair and outcome with a contemporary 

approach. Surgery 1995; 118:582-591. 
[26] Schmidt SC, Langrehr JM, Hintze RE, Neuhaus P. Long- 

term results and risk factors influencing outcome of major 

bile duct injuries following cholecystectomy. Br J Surg 

2005; 92:76-82. 

[27] Csendes A, Diaz JC, Burdiles P, Maluenda F. Late results of 

immediate primary end to end repair in accidental section 

of the common bile duct, Surg Gynecol Obstet. 1989; 168: 

125-30. 
[28] Stewart L, Way LW. Bile duct injuries during lapa-roscopic 

cholecystectomy. Arch Surg 1995; 130:1123-9. 
[29] Settmacher U, langrehr JM, Neuhaus P. Management and 

outcome of patients with combined bile duct and hepatic 

arterial injuries after laparoscopic cholecystectomy. Surge- 

ry 2004; 135:613-618. 

[30] Pitt HA, Miyamoto T, Parapatis SK, Tompkins RK, Long- 
mire WP Jr. Factors influencing outcome in patients with 
postoperative biliary strictures. Am J Surg. 1982; 144;14-21. 



i~i ¸ : i  

PRINCIPLES OF THE SURGICAL MANAGEMENT 
OF THE COMMON BILE DUCT STONES 

Con. Ch. Karaliotas, S. Lanitis, G. Sgourakis 

15.1. Introduction 

Choledocholithiasis has always been a challenge for 

surgeons dealing with biliary pathology. Both diagno- 

sis and treatment have evolved over the last years with 

the introduction and universal application of advanced 

imaging modalities as well as endoscopic and laparo- 

scopic procedures. Consequently, the management of 

choledocholithiasis has been the subject of debate for 

several years and the classic treatment option for the 

management of the common bile duct stones (CBD), 

which traditionally was the open exploration of the 

CBD, is progressively less favorable as a first approach. 

Currently, transabdominal ultrasound (US) and en- 

doscopic retrograde cholangio-pancreatography (ERCP) 

form the mainstay preoperative imaging modalities 

while MRCP, endoscopic ultrasound (EUS), and spiral 

CT are gradually being established as potentially more 

accurate and less invasive tools. The indications of the 

intraoperative cholangiogram (IOC) remain inconclu- 

sive while, in experienced hands the intraoperative US 
can be an accurate tool in detecting CBD stones. 

The exploration of the common bile duct (CBDE), 
if indicated is mainly performed using either the new 
established and safe laparoscopic technique or pre or 
post-operative endoscopic sphincterotomy (ES). The 

latter has proven to be particularly effective in instan- 
ces such as failure of laparoscopic CBDE, surgical in- 

experience, unfavourable anatomy and patient selection. 

Conventional open CBDE has limited but essential 
indications should never been looked upon as a failu- 

re. Nevertheless, it should not be the first approach as 

it increases morbidity which has already risen since 

the surgical experience in this technique has fallen into 

a decline [1]. Open sphincterotomy, sphincteroplasty, 

and choledochoenterostomy remain necessary opera- 
tions for certain patients [2]. 

The National Institute of Health consensus in 1993 

asserted that CBD stones must be detected and remo- 

ved either prior, during or after cholecystectomy [3]. 

After the establishment of the laparoscopic chole- 

cystectomy as the treatment of choice for gallbladder 

removal [3] and considering the lack of experience 

and equipment available at the time, exploration of the 

duct was passed on to the endoscopist and the ERCP 

with endoscopic sphincterotomy (ES) becoming the 

most common technique used. Later, advances in te- 

chnology and increased surgical experience made la- 

paroscopic exploration of the CBD both feasible and as 
effective as ERCP/ES. 

A recent systemic review based on randomized 

control studies compared surgical versus endoscopic 

treatment of bile duct stones. This study revealed that 

laparoscopic CBD exploration is as effective as pre or 

postoperative ERCP/ES in clearing the duct with no 

differences in morbidity and mortality but with shorter 
hospital stay and less procedures per patient needed 
[3, 4]. Overall, however, the open exploration of the 
duct was found to be much more successful than any 
other combination of techniques with surprisingly less 
mortality than ERCP/ES and equal morbidity [3]. This 

does not mean that we should regress and consider the 

open exploration of the CBD as the first and only 

approach. It should, however, be considered a reliable 

and highly effective technique not to be forgotten and 

one that surgeons dealing with the biliary tree should 

be proficient equipped to apply when circumstances 
dictate. 
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15.2. Incidence of Choledocholithiasis 

Cholecystectomy has been one of the most frequently 

performed surgical procedures in the world given that 

the presence of gallstones and symptomatic choleli- 

thiasis are a common medical problem with an inci- 

dence of 10-20% [3-6]. 

The management of these patients, both in terms of 

the workup and treatment, is complicated in the prese- 

nce of common bile stones, found in 5-20% [3, 5, 7, 8]. 

Furthermore, the morbidity associated with the disea- 

se is elevated, as is the cost because additional investi- 

gations, medications, therapeutic interventions and ad- 

mission time are often necessary. A recent study de- 

monstrated a 14.2% incidence of choledocholithiasis 

in 1.000 consecutive laparoscopic cholecystectomies 

with routine intraoperative cholangiogram [9]. 

Choledocholithiasis seems to be more common 

among the female population [ 10]. 

In the United States, the incidence rate for gallsto- 

nes is approximately 40% in individuals over 60 years 

of age. In individuals undergoing cholecystectomy for 

symptomatic cholelithiasis, 8-15% of patients under 60 

years of age have CBD stones, compared to 15-60% of 

patients over 60. 

15.3. Pathogenesis of CBD Stones 

Gallstones have been traditionally classified as chole- 
sterol stones and pigment stones based mainly on their 

chemical composition [ 11-13]. 
Cholesterol supersaturation, stasis, as well as acce- 

lerated nucleation can cause cholesterol stones. They 

are light brown, smooth or faceted, single or multiple. 

The sex of the patient, parity, obesity, weight loss, and 

genetics are all risk factors in the development of cho- 

lesterol stones [11, 12, 14]. In western countries, they 

compose 70% of all gallstones. 

Pigment stones account for 30% of all gallstones [15- 

171. 
Black pigment stones occur in conditions in which 

either bilirubin excretion is increased, (e.g. haemolytic 

disorders) or gallbladder bile stasis is pronounced 

(prolonged fasting and long-term parenteral nutrition). 

Pigment stones are more common in patients with cirr- 

hosis and ileal disease, although the exact mechanism 

C / I . K a r a l ~  

Fig. 15.1. Stones passed in CBD through cystic duct. 
(Modified. From "The ClBA collection of Medical illustrations" 

Frank Netter 1957, with permission of Novartis). 

of stone formation ~ under these conditions is not fully 
/ 

understood and ar~ usually found in the gallbladder. 

Brown pigment stones are made up of a mixture of 

pigment and bile lipids~and are usually found in the bi- 

le ducts. They are associated with biliary stasis and ba- 

cteria infection [ 15-17]. 

CBD stones are usually "secondary" (85%) as a re- 

sult of the passage of gallstones originally formed in the 
gallbladder through the cystic duct into the CBD (see 

fig. 15.1) [5]. Therefore, they have a typical spectrum 

of cholesterol stones and black pigment stones. Bacte- 
ria can be cultured from the surface of cholesterol and 

pigment stones but not from the core, suggesting that 

bacteria do not play a role in their formation. 

"Primary" stones can also be "de novo" formed in 

the common bile duct (see fig. 15.2) and principally at- 

tributed to factors as bile stasis, which promotes the 

growth of bacteria, and chronic bactebilia. Primary 

CBD stones are usually soft and earthy in consistency, 

take the shape of the duct and have a higher content of 

cholesterol (Brown pigmented) 90% of which have 

cultures positive for bacteria even in the core of the 

stone. Other contributing factors include chemical and 

pH imbalances, increased bilirubin excretion, and for- 

mation of sludge [7, 17]. 
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Fig. 15.2. "De novo" lithiasis of CBD. 
(Modified. From "The ClBA collection of Medical illustrations" 

Frank Netter 1957, with permission of Novartis). 

15.4. Clinical Findings 

15.4.1. Cholelithiasis 

Patients with cholelithiasis may be completely asym- 

ptomatic in about 85-90%. They may have moderate 
symptoms in 7-10% and only 3-5% of patients expe- 
rience severe symptoms. The first symptom is usually 
(90%) biliary colic [ 10, 18]. 

The probability of developing biliary colic in the 

asymptomatic group is 11.9% +/-3.0% at 2 years, 16.5% 

+/-3.5% at 4 years, and 25.8% +/-4.6% at 10 years. The 
cumulative probability of developing complications after 
10 years was 3.0% +/-1.8% in the initially asymptoma- 
tic group and 6.5% +/-4.4% in the symptomatic group. 
The probability of asymptomatic gallstones becoming 
symptomatic is about 2%/year [19]. 

15.4.2. Choledocholithiasis 

The natural history of CBD stones is variable but they 

are more likely to cause symptoms. They can sponta- 

neously pass into the duodenum (20%) either without 

causing symptoms or by causing a gallstone ileus [5] 

(fig. 2). They can also cause acute pancreatitis. Should 
they not pass, they may long remain asymptomatic or 

they may obstruct the CBD causing edema, spasm and 

fibrosis of the ductal wall and subsequent proximal 

dilatation of the duct and thickening of its wall [5]. 
An obstruction will lead to symptoms and compli- 

cations that include pain, jaundice, cholangitis, pancrea- 

titis, and sepsis [5, 17, 20, 21]. Finally it can erode to 
adjacent organs causing choledochoenteric fistulas [5]. 

The stones are found incidentally during cholecy- 

stectomy in about 7% of these cases. 
Eventually CBD stones will partially or completely 

obstruct the CBD at some level in about 25-50% of the 
patients and even cause biliary infection, necessitating 

treatment. 
A history of cholelithiasis is not essential for the 

diagnosis of choledocholithiasis as gallbladder stones 

can be asymptomatic. 
The vast majority of patients present with right up- 

per quadrant pain which is colicky in nature, moderate 
in severity, intermittent, transient, and recurrent and 
may be associated with nausea and vomiting [5]. 

If the pain is severe, a coexisting condition should 

be suspected as the primary cause of pain. 

Typical obstructive jaundice with discoloration of 
stools and dark colored urine occurs only in 50% of 

jaundiced patients with obstructed CBD. Jaundice can 

be intermittent since the stone can flow back up into 

the dilated CBD when dilatation develops, allowing 
the edema to subside and temporarily relieving the 
obstruction [5]. 

Fever suggests infection and the classic "Charcot's 

triad" of fever, jaundice, and right upper quadrant pain 

strongly favors the diagnosis of cholangitis. Neverthe- 
less, the full clinical picture is found only in a small 

percentage of these patients (19%). Overall 92% of pa- 
tients present with fever, 65% with jaundice, and 42% 
with pain. 

Five percent of cholangitis patients may present with 
septic shock indicating acute obstructive suppurative 
cholangitis. In these cases, the patient presents with 
the classic Raynauld's pentad which further includes 
mental status changes and systemic shock with hypo- 

tension [5, 6]. 

Generally, a dilated CBD> 12 mm in combination with 

raised bilirubin or past history of jaundice can predict 

the diagnosis of choledocholithiasis up to 90-100% [22]. 

Gallstone pancreatitis accounts for 50% of all cases 

of pancreatitis and eventually 4-8% of patients with 

gallstones develop pancreatitis. The presentation then 
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differs; the pain is located in the epigastric and mid- 

abdominal areas, it is sharp, severe, and continuous, 

with radiation to the back. Bending over can alleviate 

the pain. Nausea and vomiting are frequently present, 

and approximately 15% patients report a similar pre- 
vious episode. 

Patients presenting with cholecystitis, biliary colic, 

pancreatitis, and jaundice were found to have common 

duct stones 7%, 16%, 20%, and 45% of the time, respe- 

ctively [2] (table 15.1). 

15.4.3.  Phys ica l  Examination 

There are no specific signs for the diagnosis of sympto- 

matic choledocholithiasis. 

Right upper quadrant abdominal tenderness, which 

is moderate in severity, is the main finding while guar- 

ding (voluntary or involuntary) or rebound is absent. 

Severe tenderness, including the "Murphy sign", 
should suggest the presence of acute cholecystitis. 

Depending on the severity and duration of CBD 
obstruction, the extent of the jaundice may vary. 

Against a background of infection and sepsis, non- 
specific systemic signs such as fever, hypotension, and 
flushing may be present. 

15.4.4.  Laboratory Studies 

As most patients with CBD stones are asymptomatic, 

laboratory tests can be completely normal. Patients with 

cholangitis and pancreatitis have abnormal laboratory 

test values which are suggestive rather than specific. 

Raised WBC (WCC) count merely indicates the pre- 

sence of infection or inflammation. 
Serum bilirubin (Bil) level elevations indicate ob- 

struction of the CBD. 
Serum amylase (Amyl) and lipase values are eleva- 

ted in the presence of acute pancreatitis complicating 
choledocholithiasis. Alkaline phosphatase (ALP) and 

gamma-glutamyl transpeptidase (GGT) levels are ele- 

vated in patients with obstructive choledocholithiasis 

ALP and Bilirubin are elevated early in the course of 

the disease and in addition to AST and LDH are cu- 

mulative in predicting CBD stones. When one of these 

is elevated the propability for stones is 20% while 

when two are raised the propability increases to 40% 

and more than 3 raised values >50% [5]. 

A recent study found that GGT has overall better 

specificity and is the most sensitive marker. A GGT le- 

vel of >90u/1 indicates a high risk for CBD stones and 

warrants further imaging while if it is <90 u/1 there is 
only 30% likelihood of CBD stones and can be mana- 

ged expectantly [23]. 

Liver function tests including transaminases (serum 

glutamic-pyruvic transaminase (SGPT/ALT and serum 

glutamic-oxaloacetic transaminase SGOT/AST) levels are 

elevated in patients with choledocholithiasis complica- 

ted by cholangitis, pancreatitis, or both. Prothrombin 

time (PT) may be elevated in patients with prolonged 

CBD obstruction, secondary to depletion of vitamin K 
(the absorption of which is bile-dependent). Blood 

culture results are positive in 30-60% of patients with 

cholangitis and usually E. Coli grows in the cultures [5]. 

15.5. The Surgeon's view in Perioperative 
Imaging Study of CBD 

We can classify the available diagnostic modalities as 
preoperative, intraoperative and postoperative (table 
15.2). Despite the fact that cholangiography remains 
the most reliable test for the diagnosis of choledocho- 
lithiasis, its invasive nature, associated morbidity, and 

cost make it not favorable for screening test of choice. 

15.5.1. Preoperative Studies 

15.5.1.1. Transabdominal U1trasonography 
(us) 

It is the first line diagnostic modality for the assess- 

ment of the biliary tree in cases with biliary-related 
symptoms because it is sensitive, noninvasive, inex- 

pensive, and readily available. It can accurately diag- 

nose gallbladder stones (97% in elective situations and 
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Fig. 15.3. Trans- abdominal Ultrasonography with erroneous initial 
diagnosis "mass in the CBD" It was a stone with a lot of sludge. 

80% in the presence of acute cholecystitis), but the 

sensitivity in identifying CBD stones is far less (15- 

40%) mostly because the retro duodenal part of the 

CBD is hardly visible as a result of gas in the duo- 

denum (fig. 15.3) [24]. Overall, the sensitivity in dete- 

cting common duct stones is no more than 18%-74% 

[6]. Diagnosis depends mostly on the presence of com- 

mon bile duct dilatation (> 10mm) which can be identi- 

fied, with up to 90% accuracy and on the presence of 

echogenic foci in the CBD. A combination of CBD di- 

latation on U/S with an age greater than 55 and abnor- 

mal liver enzymes, can predict CBD stones up to 95% 
of the time [2, 5]. 

Nevertheless, a non-dilated duct cannot exclude 

choledocholithiasis and the overall usefulness of ultra- 

sonography findings as a predictor of CBD stones is at 
best 15-20%. 

15.5.1.2. Endoscopic Ultrasonography (EUS) 

The reported sensitivity and specificity of CBD stone 

detection with the EUS is 85-100%, which is much 

higher than that of transabdominal U/S. Recent studies 

confirmed the high sensitivity and specificity as being 

equal to those of the diagnostic ERCP (98% and 99% 

respectively) [5, 6]. It can detect CBD stones as small 

as 5mm (fig. 15.4). This is usually not feasible with the 

MRCP and the Helical Computer Tomographic-Colan- 

Fig. 15.4. Endoscopic ultrasonography: stone in CBD. 

Fig. 15.5. CT of upper abdomen. Distension of Common bile duct. 
The arrow depicts a stone in CBD. 
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giography (HCT-C). It can further detect a thickened 

duct wall and presence of enlarged lymph nodes in the 
area, signs of inflammation [6]. Its major advantage is 

decreased morbidity as compared with ERCP. In addi- 

tion, there is no need for cannulation of the CBD and 
no exposure to radiation is involved. However, endo- 
scopic ultrasound is highly operator-dependent [2]. 
Moreover, it is more costly than transabdominal U/S, a 
partly invasive procedure, and not readily available 

since an experienced endoscopist / ultrasonographer is 

needed [5]. 

15.5 .1 .3 .  Computed Tomography Scan (CT) 

With a sensitivity up to 50-90% [6] in the detection of 

CBD stones, CT scan is considered an essential tool in 
the evaluation of patients with jaundice (fig. 15.5). 

Capable of defining the level of the obstruction, it 

can also demonstrate ductal dilatation, both intrahepa- 

tic and extrahepatic, and further provides information 
about the surrounding structures, especially the pan- 

creas. Nevertheless, it involves radiation with all the 

associated risks. 

Helical computer tomographic cholangiography 

(HCT-C) possesses the same detection ability as MRCP 

and a sensitivity of 95% [5, 6]. Nevertheless, it is sub- 
ject to the same limitations as conventional CT. 

15.5 .1 .4 .  Magnetic Resonance Cholangio 
Pancreatography (MRCP) 

This is the most recently introduced diagnostic tool 

which was first described in 1991 [25] and seems ideal 
for the diagnosis of biliary pathology that cannot be 
otherwise accurately demonstrated with other non in- 
vasive modalities (fig. 15.6a, b). Bile duct anomalies 
and stones can be detected without the need for inter- 

vention or radiation, furthermore, it is 100% safe [24]. 

It uses a heavily weighted T2 pulse sequence which 
displays the non-flowing fluid in the biliary tree and 

pancreatic ducts [24]. 
MRCP combines the advantages of high accuracy 

(89-100%), sensitivity (81-100%), and specificity (85- 

100%) [24] with non-invasiveness, providing positive 

predictive values of 95%-100% [2]. The disadvantages 
include high cost, time-consumption and the lack of 
therapeutic possibilities of ERC [2]. In addition, certain 

factors such as obesity, presence of metal objects (eg, 

pacemakers, cerebral aneurism clips) and claustropho- 

bia, preclude its application. 
Nevertheless, despite its high cost as a diagnostic 

tool, it is still 5 times less expensive than ERCP and the 

overall cost to an institution could be reduced if a 
percentage of ERCPs were avoided. In the same study 
it has been suggested that MRCP should detect 97% of 
the larger stones (diameter>5mm) which are unlikely 

Fig. 15.6. 
a: MRCP with stones in CBD. 
b: MRCP solved the diagnostic problem 30 days after laparoscopic 
cholecystectomy, latrogenic injury of the CBD with stricture at the 
confluence. Slight bile leakage. 
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Fig. 15.7. Gallbladder stone in preoperative IV cholangiography. To- 
day out of use. 

to pass spontaneously while those that can be missed 
will probably pass without complication [24]. 

15.5.1.5. Preoperative Cholangiography 

We are much obliged to history for referring to intra- 
venous cholaniography (IV). 

It used to be the only diagnostic tool in the form of 
IV cholangiography for assessing the biliary tree with 

minimal sensitivity and many limitations (fig. 15.7). 

The IV form is hardly used nowadays since the intro- 
duction of endoscopic (ERCP) as well as the percuta- 
neous (PTC) approach which until today remain the 
criterion standard for the detection of CBD stones and 
have a sensitivity up to 95% and specificity up to 92- 

98% [5]. 

15 .5 .1 .6 .  Endoscopic Retrograde Cholangio 
Pancreatography (ERCP) 

It has become the diagnostic and therapeutic tool of 

choice in patients with choledocholithiasis since its 
introduction in the early 1970s (fig. 15.8 a, b, c). 

According to the experience of the endoscopist the 

success of the procedure reaches 90-95%. The CBD is 

cannulated through the ampulla, in order to inject the 

Fig. 15.8. 
a. Preoperative ERCP. Common bile duct crammed with stones. Pa- 
radoxically enough the patient was appearing slight symptoms and 
signs. 
b. Postoperative ERCP. Retained stone in the CBD after laparoscopic 
exploration. 
c. Preoperative ERCP. Impacted stone in the ampoule. 
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contrast material directly to the biliary tree. In most 

centers, ERCP is the modality of choice when choledo- 

cholithiasis is suspected since it can combine diagnosis 

and treatment at the same time. It displays identical 

sensitivity and specificity to that of cholangiography 

(95% and 98%) [5]. In terms of its therapeutic applica- 

tion, the first ERCP achieves a success rate of about 85% 

which can be increased with additional procedures [26]. 

Nevertheless, it is not free of risks and a recent pro- 

spective study of 1177 consecutive ERCS demonstrated 

a 30-day morbidity rate of 15.9%, with procedure-rela- 

ted mortality at 1% which confirms what other authors 

have supported in the literature [2, 6, 24]. Major com- 

plications include hyperamylasemia and cholangitis but 

perforation of the duodenum and bleeding can also oc- 

cur. Prophylactic antibiotics are often recommended, 

especially in patients with CBD obstruction. 

Failure is usually due to inability to cannulate the 

papilla and reaches 3-10% [24]. 

15.5.1.7. Percutaneous Transhepatic 
Cholangiogram (PTC) 

It is a second line modality and usually reserved for 

patients in whom ERCP is difficult or impossible to 

perform (eg, those with previous gastric surgery or di- 

stal obstructing CBD stone or the lack of an experien- 

ced endoscopist). It also constitutes an attractive op- 

tion in patients with extensive intrahepatic stone di- 

sease and cholangiohepatitis. A long large-bore needle 
is advanced percutaneously and transhepatically into 
an intrahepatic duct and cholangiography is perfor- 
med. A catheter can be placed in the biliary tree over a 

guidewire. Contraindications to this approach are un- 

corrected coagulopathy while the normal-size of the 
intrahepatic ducts can impede the procedure difficult. 

Prophylactic antibiotics are recommended to reduce 

the risk of cholangitis [5]. 

15.5.2. Intraoperative Studies 

15.5 .2 .1 .  Intraoperative Cholangiography 
(IOC) (Tables 15.~, 15.4) 

Since it was described by Dr. Mirizzi in 1931 [27], in 

the era of conventional open cholecyctectomy, IOC 

has traditionally formed a basic step of the operation 

(fig. 15.9). This changed radically with the introdu- 
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ction of the laparoscopic approach. It has been highly 
debatable whether the use of routine intraoperative 

cholangiography (IOC) during a cholecystectomy is 

necessary [20, 28, 29]. While it is supported that it can 
provide accurate information concerning biliary anato- 
my and the presence of CBD stones, thereby decrea- 

sing the incidence of intraoperative bile duct injury, on 

the other hand it increases risk and cost by giving a fal- 

se positive result (2-16%) [30] which can lead to unne- 

Fig. 15.9. Intraoperative cholangiography. Large stones in the CBD. 
Two efforts with ERCP for clearance were unsuccessful. Laparosco- 
pic cholecystectomy was converted to open exploration because of 
huge inflammation. 
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cessary CBD exploration in a patient without sugge- 

stion of CBD stones. Also in a prospective study it was 

found that about half of the positive IOC without 

exploration of the duct were either false positive or the 

stones had passed spontaneously [28, 31]. Moreover, 

the incidence of biliary tree injury as well as the inci- 

dence of retained stones is no different from that of 

patients who underwent IOC only when CBD stones 

were suspected clinically. 

On the other hand, the incidence of unsuspected 

stones is about 3-7% and a routine application can help 

identify these patients. 

Selective IOC can be performed on patients with 

suggestive symptoms like history of jaundice, biliary 

pancreatitis, dilated CBD on US and elevated LFT. 

However, even in such cases, ERCP or CD exploration 

can only revealed stones in 46-62% [28]. 

Nevertheless, even if CBD stones were demonstra- 

ted preoperatively, an intraoperative cholangiogram 

prior to a planned exploration is advisable in order to 

confirm that the stone is still located in the CBD and 

has not passed to the duodenum [20]. 

A recent evaluation of the factors affecting the de- 

cision for performing an IOC demonstrated that only a 

dilated CBD on U/S or raised bilirubin can predict the 

presence of CBD stones. It is suggested that the old cri- 

teria (deteriorated LFT or clinical history of jaundice 

and pancreatitis) not be used. In the same study a 

prospective analysis showed that patients with CBD 

<10mm, with normal LFT and no history of jaundice/ 

pancreatitis who were not submitted to IOC, had no 

evidence of retained stones in a long follow up. 

As a consequence, preoperative ERCP is recommen- 

ded for patients having CBD dilatation and raised bili- 

rubin while IOC for those with only CBD dilatation [28]. 

A postoperative ERCP has been suggested for those 

patients with an abnormal IOC but studies revealed 

that about 1/3 of those were not found to have stones 

in the CBD, since small stones can pass spontaneously. 

Therefore a more selective and less invasive approach 

is recommended for those patients with an abnormal 

IOC but normal LFTs [31]. 

In terms of the technique, IOC is performed by 

inserting a catheter intraoperatively into the cystic 

duct, followed by injection of diluted (50%) contrast 

material to outline the biliary tree. Films are taken and 

are assessed for the presence of filling defects, the 

anatomy and caliber of the biliary tree, and the flow of 

contrast into the duodenum. This procedure can be 

performed at open or laparoscopic cholecystectomy. 

IOC findings have a positive predictive value of 60- 

75% for the detection of CBD stones. 

Most of the recent studies support the limited use 

of IOC [28]. 

15 .5 .2 .2 .  Choledochoscopy 

It can be performed using either open or laparoscopic 

techniques (fig. 15.10). With advances in technology, 

small, flexible choledochoscopes with high definition 

can now be used through either the cystic duct or the 

CBD to directly visualize and even extract the CBD sto- 

nes using balloon catheters and dormia basket. Further- 

more, application of lithotripsy is available. Sensitivity 

for detection approaches 100% in expert hands. Chole- 

dochoscopy can be performed postoperatively through 

the tract of a T-tube about 6 weeks after the T-tube was 

placed. 

15 .5 .2 .3 .  Intraoperative Ultrasonography 
( ius)  

Special probes are used to visualize the biliary tree. It 

can be performed using either open or laparoscopic te- 

chniques, and results have a positive predictive value 

of approximately 75%. It provides better resolution than 

transabdominal ultrasonography and with the recent in- 

troduction of a small high frequency probe in a 6F sheath; 

it is now possible to perform intraluminal ultrasono- 

graphy. 

The reported specificity is equal, while the sensiti- 
vity is better than that of IOC [2], it is less time consu- 

ming (7 + / -3  min versus 13 + / -6  min) and no cannu- 

Fig. 15.10. Choledochoscopy: classical view of hepatic ducts con- 
fluence. 
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lation of the CBD or exposure to radiation is needed. 

Therefore, evaluation of the CBD by intraoperative US 

is a viable alternative to IOC, although most surgeons 

are not familiar with this technique. Being operator- 

dependent, the latter can limit the usefulness of this 

modality [2,5]. Prospective studies also showed that 

IUS was more sensitive for detecting stones, but that IOC 

was better in delineating intrahepatic anatomy and de- 

fining anatomical anomalies of the ductal system. The 

authors concluded that the two methods of duct ima- 

ging were complementary [2] (see also chapter 4). 

15.5.3. Postoperative Studies 

15.5 .3 .1 .  T-tube Cholangiography 

Even after CBD exploration a small percentage (2- 

10%) of retained CBD stones can be identified, usually 

on routine T-tube cholangiography performed at 7-10 

days postoperatively (fig. 15.11). 

T-tubes are placed following CBD exploration to 

help in the diagnosis and management of retained sto- 

nes. Various opinions have been expressed concerning 

T-tube management. If no obstruction is identified on 

the early (1st week) cholangiogram it can be removed 

somewhere between the 1st and 2nd postoperative 

week. If there is a retained stone, it can be clamped 

and left in place for 6 weeks. The cholangiogram is re- 

peated after this period (small stones may pass sponta- 

neously), and any retained stones can be removed 

percutaneously. 

15.5 .3 .2 .  ERCP 

This has become the modality of choice to aid in the 
diagnosis and treatment of retained stones, after chole- 

cystectomy, that went undetected or were left behind 
to be dealt with endoscopically. 

Endoscopic sphincterotomy (ES): This procedure 

can be performed postoperatively for retained CBD 

stones. Usually, stones smaller than 1 cm pass sponta- 

neously within a few days of the sphincterotomy. For 

extraction of larger stones, a basket or a balloon cathe- 

ter is required. Endoscopic sphincterotomy is con- 

traindicated in patients with coagulopathy and usually 

in patients with a long distal CBD. 

(More about ERCP in preoperative imaging as well 

as in treatment section). 
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15.5 .3 .3 .  PTC 

This is used in patients with retained intrahepatic sto- 

nes or in patients with gastric surgery, in whom ERCP 

is more difficult to perform. 

15.6. Treatment of Choledocholithiasis 

The aim of treatment is to extract or dissolve the stone 

which can be done using non-operative, interventional 

and surgical techniques (tables 15.5, 15.6). However, if 

this is not possible, the aim is then to provide drainage 

for the obstructed bile in order to improve the patient's 

condition while waiting for definitive surgical interven- 

tion. Non-surgical procedures can also be performed 

postoperatively to remove retained stones. Lithotripsy 
techniques are complementary to both the surgical and 

interventional approach. 

I n t e r v e n t i o n a l  T r e a t m e n t  

of  C h o l e d o c h o l i t h i a s i s  (Tab le  15.7)  
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Fig. 15.11. 
a. Postoperative cholangiogram via T-tube after laparoscopic exploration of CBD. Successful clearance of CBD. 
b. Missed stone in CBD at the end of laparoscopic exploration. New attempt at the same time was successful. 
c. Normal postoperative cholangiogram via T-tube after open exploration of CBD. 
d. Normal postoperative cholangiogram via T-tube on third post-operative day after laparoscopic exploration of CBD. 
The common bile duct was completely cleared, but a stone embedded in the cystic duct stump. The tightly embedded stone removed with 
ERCP/sphincterotomy. 
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15.6.1.  N o n - S u r g i c a l  A p p r o a c h  

15.6.1.1. Endoscopic Retrograde Cholangio- 
pancreatography ERCP +/-ES 

ERCP is a sensitive and specific diagnostic tool and 

therefore initially is used as such. Indications include, 

apart from suspected or confirmed CBD stones, persi- 

stent jaundice, suspected malignancy, ascending cho- 

langitis and pancreatitis. 

Unfortunately no stones are found in 20-60% of the 

patients submitted to ERCP for suspected choledocho- 

lithiasis and morbidity can unnecessary increase in this 

group [32]. On confirmation of the presence of chole- 

docholithiasis (initial or retained stones), various the- 

rapeutic options are available depending on the size and 

location of the stone(s) with a success rate of about 85%. 

Usually, a sphincterotomy (E.S.) is performed in or- 

der to either retrieve larger stones (1-2cm) with a Dor- 

mia basket or a Fogarty catheter or to allow smaller 

ones (< lcm) to pass spontaneously usually within 48h. 

Smaller stones can sometimes be retrieved with an in- 

tact papilla while larger ones (>2cm) may additionally 

require lithotripsy or chemical dissolution. 

Should stone extraction prove unsuccessful, a surgi- 

cal approach (open / laparoscopic) with CBD explora- 

tion or a biliary drainage procedure, whether internal 

or external, can be performed. 

In expert hands, the success rate of stone extraction 

by ERCP in cases of choledocholithiasis reaches 85- 

90%. Complications of sphincterotomy and stone extra- 

ction occur in 10% of cases [5]. These include bleeding 

(2%), duodenal perforation (1%), cholangitis (2%), pan- 

creatitis (2%), bile duct injury (<1%), and the usual 

complications associated with upper GI endoscopy 

(2%). The mortality rate following endoscopic sphin- 

cterotomy is 1% [2, 5, 24, 32]. Endoscopic sphinctero- 

tomy is contraindicated in patients with uncorrected 

coagulopathy. 

15.6.1.2. Percutaneous Extraction 

This is performed after diagnostic PTC findings have 

confirmed the presence of CBD stones. An external bi- 

liary catheter is placed percutaneously into the biliary 

tree, and the tract is dilated over several weeks (2-6 wk) 

up to 16F size by placement of progressively larger 

catheters. The CBD stones are then extracted using a 

Dormia basket or a choledochoscope. Complementary 

techniques (lithotripsy) can also facilitate the fragmen- 

tation and extraction of stones. Stones or their fragments 

can be trapped inside a basket and passed through the 

sphincter of Oddi into the duodenum or retrieved 

through the tract. The procedure may need to be re- 

peated for complete clearance. 

The morbidity rate is approximately 10%, and the 

mortality rate is 1%. Complications include bleeding, 

duct injury, bile leakage, and cholangitis. The success 

rate is 75-85%. The procedure is contraindicated in pa- 

tients with coagulopathy. 

15.6.2 .  Surgical Approach 

Traditionally, before the introduction of minimal inva- 

sive techniques, open choledochotomy and extraction 

of the stones (choledocholithotomy), initially descri- 

bed by Courvoisier in 1889 [4] had been the standard 

of care for the treatment of choledocholithiasis. How- 

ever, surgical exploration of the CBD increases the low 

morbidity and mortality of the simple cholecystectomy 

(<0.5%) by 3-7 times. Morbidity is more elevated in 

positive rather than negative exploration and can be as 

high as 19% [531. 
With the advances in technology and the experien- 

ce gained in the field of laparoscopic and endoscopic 

surgery, the open exploration of the CBD has gradually 

been replaced by these techniques as a first line treat- 
ment, mainly because less interventional techniques 

are associated with less postoperative pain and discom- 

fort, followed by a short recovery period and less mor- 

bidity. 
Nevertheless, it remains a viable option in situations 

in which laparoscopy and endoscopy is contraindica- 

ted or when these modalities have failed. Although this 

procedure carries a low morbidity and mortality rate 

in young patients (< 1%), the mortality rate is as high as 

4% in elderly populations [33]. The most common rea- 

son for converting to open CBDE is an impacted stone 

at the ampulla of Vater and usually these cases require 

a transduodenal exploration. Open CBDE should also 

be considered as the initial procedure of choice if pa- 

tients present with dilated CBD, multiple common bile 

duct stones or when minimally invasive techniques are 

not readily available. This entails either performing a 
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choledocholithotomy, choledochoenterostomy or a 

sphincterotomy (sphinteroplasty). Studies have shown 

overall similar results with either of the two opera- 

tions. Therefore, surgical experience should dictate 

which one to perform. Some authors, however, have 

suggested choledochoenterostomy for CBD greater 

than 2 cm in diameter in order to create a large ope- 

ning between the bile duct and intestine [2, 20, 34-39]. 

Two issues must be addressed in the surgical 

treatment of choledocholithiasis, 

- the exploration of the CBD and 

- the fate of the gallbladder. 

Exploration of the CBD should include clearance of the 

stones and, sometimes, a drainage procedure. 

Surgical methods used to achieve this goal vary and 

can be performed by an open or laparoscopic route. 

The timing and necessity of a cholecystectomy in pa- 

tients with choledocholithiasis who have asymptoma- 

tic gallbladder stones remains a subject of debate. 

15.6.2.1.  Choledocholithotomy 
(See Table 15.8) 

During CBD exploration the surgeon should be aware 

of the possible complications which mainly comprise 

injury of the bile duct during attempt to remove sto- 

nes, creation of a false passage to the duodenum when 

probing the duct, incomplete clearance of the duct and 

perforation of a duodenal diverticulum. 

Technically, during the exploration of the distal 

duct care must be taken to avoid trauma in the ampulla 

and subsequent pancreatitis. It is preferable to aban- 

don manipulation of the ampulla when not feasible and 

proceed with duodenotomy and exposure of the am- 

pulla in order to avoid possible CBD peroration [34]. 

15.6 .2 .2 .  Exploration of  the CBD: Technique 

Incision 

Either technique can be adopted through a subcostal 

(Kocher), transverse, paramedial (Para-rectal) or mid- 

line incision. The choice depends on the patient's ha- 

bitus, the operating possibilities (i.e extension of the 

incision) and the personal preference of the surgeon. 

Exposure 

Two packs should be placed, one over the first part of 

the duodenum and one over the hepatic flexure. In or- 

der to create a wide operating field the liver should be 

gently retracted superiorly before the packing. A third 

pack can be applied to keep the stomach and lesser 

omentum retracted to the left of the patient. In order 

to properly expose the common bile duct and accura- 

tely evaluate the presence of CBD stones a complete 

Kocher manoeuvre should be effected, allowing more 

direct control of the CBD instrumentation (fig. 15.12). 

Trancystic Exploration of the CBD 

This technique is used to clear the CBD of stones mostly 

during laparoscopic cholecystectomy, after choledo- 

cholithiasis is confirmed based on findings of IOC. The 

cystic duct is dissected close to its junction with the 

CBD, and a transverse incision is made in that area. 

The CBD can be irrigated with N/S in an attempt to 

flush small stones through the sphincter of Oddi or out 

through the opening in the cystic duct. For extraction 

of larger stones, a Dormia basket is passed over a gui- 

dewire into the CBD under fluoroscopic guidance. 

If the cystic duct is large enough or can be balloon- 

dilated, a flexible choledochoscope is passed and the 

CBD examined under direct vision. 

Balloon dilatation of the sphincter of Oddi can be 

performed when all other techniques have failed to 

clear the stones. A risk exists for mild pancreatitis (3% 

in one series). It is indicated in the presence of small 

ducts, for which the risk of CBD stricture after chole- 

dochotomy is high. Independent small series report a 

success rate up to 80%. 
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Fig. 15.12. 
a. Dissection of CBD and placement stay su- 
tures. 

b. After slight traction on anterior wall of 
CBD; incision no longer than lOmm is applied 
on the anterior wall of CBD. 

c+d. Via the choledochotomy, exploration 
proximally and distally by all means is con- 
ducted. 

e. The procedure finishes by placement T- 
tube in the CBD and fine suturing. 

Open Supraduodenal Choledochotomy 

Having in mind that choledochoduodenostomy may 

be inevitable, the incision over the CBD should be pla- 
ced in the lowermost part of the supraduodenal CBD. 

The more the proximal duct is left, the easier another 

possible procedure to the duct would be. Furthermore, 

the maniplulation of the choledochoscope close to the 

ampulla would be facilitated from a short choledocho- 

t o m y -  ampulla distance (approximately 7 cm) [20]. 

Prior to any exploration, an intraoperative cholan- 

giogram can supply useful information regarding the 

size, number and location of these stones. This can be 

facilitated by the administration of morphine which in- 

duces sphincter spasm and visualization of the intrahe- 

patic ducts. 

A Kocher's manoeuvre permits access of surgeons 
fingers around the ampulla in order to gain better con- 

trol of the manipulations [34, 38]. 
Choledochotomy is performed by placing 2 traction 

sutures on either side of the intended choledochotomy 

incision on the CBD distal to the cystic duct. 

The basic operating steps are [5, 20, 34, 38]: 

• Cholangiography (transcystic or using a needle 
through the CBD) 

• Accuracy 85-98% with false positive 4% and false 

negative 0.2% results 
• Can be replaced by intraoperative U/S offering even 

better sensitivity and specificity depending on the 

operator [5]. 
• Cholecystectomy (may be done later or not at all). 
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• Duodenal mobilization through Kocher's manoeu- 

vre in order to gain access and palpate the distal 

CBD and the ampulla and exclude the possibility of 

an ampullary carcinoma. 

• Choledochotomy incision. Should be small (1-2cm) 

and longitudinal to the CBD and can be done using 

a No 11 or 15 blade. It should be placed in the 

supra-duodenal area distally to the insertion of the 

cystic duct in the antero-medial surface of the CBD 

after placement of 2 guide sutures (stay sutures) one 

opposite the other, and application of traction. The 

incision can be extended using Potts angled 

(choledochotomy) scissors. 

• Send specimen of the CBD for culture. Cultures 

should be obtained as a first step. 

• Exploration of the CBD: 

"Milking" stones from the common hepatic duct and 

from the distal CBD towards the choledochotomy 

incision should be attempted. The left hand of the 

surgeon should be kept behind the duodenum and 

head of the pancreas during any instrumentation. At 

this point, there are multiple available tools and 

manoeuvres that may be used in order to extract the 

stones (table 15.9). 

Nevertheless, if an impacted stone in the distal CBD 

cannot be safely and non traumatically removed, a 

sphincterotomy or sphincteroplasty should be perfor- 

med. 

• Check for ampullary stenosis. This can be done by 

passing a Bakes dilator (up to No 3) through the 

ampulla until a 10F rubber catheter is able to pass to 

the duodenum. Excessive force should never be 

applied in these manipulations. 

• Check for residual stones. 

• A choledochoscope can be used for both to confirm 

that the CBD is clear and to remove any retained 

stones. The Dormia basket can be helpful at this 

point to be inserted beyond/at  the level of stone, to 

open up, catch the stone and retract. 

• Balloon catheter cholangiography. Initially a Folley 

catheter (10F) is inserted into the hepatic duct and 

inflated. The contrast medium is then injected and 

possible residual stones can be identified. The techni- 

que can be repeated in the distal CBD before clo- 

sing the choledochotomy. 

T-tube Cholangiography 

• Insertion of the T-tube (T-tube choledochostomy): 

It should be done in the absence of sphincteroto- 

my [5]. The purpose of this step is to at least insert a 

14F rubber tube into the CBD in order to stent the 

closure, decompress the CBD and allow the spasm 

and oedema of the sphincter to settle down after the 

exploration, facilitating, at the same time, post ope- 

rative cholangiography (7-8 days later). In addition, 

we can use the tract to extract residual stones in 

which case a straight course is necessary while the 

tube traverses the abdominal wall. Limps must be 
shortened to avoid blocking the hepatic duct and 
entering the duodenum, causing siphon or inducing 

pancreatitis and the distal part is brought out through 

a stab wound in the anterior axillary line and a close 

suction drain is placed close to the CBD, brought 

out through a separate stab wound and secured in 
place. The choledochotomy is closed around the 

tube and saline is injected to assess the closure and 

exclude leakage. It is safe and effective but does not 

lack complications, which can reach 10%. It further 

adds discomfort to the patient, preventing them 

from working for as long as the T-tube remains in 

situ. In one controlled study, intraoperative stenting 

of the duct rather than using a t-tube was tried with 

good results [42]. 
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• Completion cholangiogram through the T-Tube along 

with choledochoscopy are the most reliable methods 

for confirming clearance of the duct. It can also iden- 

tify unsuspected injuries to the biliary tree before 

closure of the abdomen [20, 38, 39]. Finally, it ser- 

ves as a baseline for further imaging. 

• Insertion of drain; It is inserted in the right upper 

abdominal quadrant and could drain the area around 

the choledochotomy. 

• Postoperative cholangiogram: 

Bile will drain freely for 5-7 days after which a 

cholangiogram should be obtained. If normal, the T- 

tube is removed in 7-8 days [34]. Some other au- 

thors suggest doing this in 10-14 days while others 

suggest leaving the T-tube in place for 4-6 weeks 

after which the cholangiogram is repeated and by 

which time the tract has matured and any residual 

stones can be removed through the tract [5]. Alter- 

natively, other authors prefer intermittently clam- 

ping the T-Tube before the cholangiogram or han- 

ging the collecting bag in a higher than the CBD le- 

vel. 

A small-caliber duct (<6 mm in diameter) is a re- 

lative contraindication to choledochotomy. 

If the stone is impacted in the distant CBD, a sphin- 

cteroplasty allows manipulation under direct vision 

and is favorable to aggressive manipulations and to 

a possible injury to the ampulla. 

Any perforation of the CBD and trauma of the 

pancreas will prompt a bile leak directly to the head 
of pancreas and lethal pancreatitis. In such cases, di- 

verting the bile away from the pancreas is mandato- 

ry. This can be done with a choledochotomy, sutu- 

ring of the distal stump and anastomosing of the 

proximal with the jejunum in a Roux and Y fashion. 

For CBD lacerations without pancreatic trauma a su- 

ture repair with or without insertion of a T Tube is a 

solution. 

Choledochoscopy 

It is a very effective method of identifying and retrie- 

ving CBD stones when other methods have failed. In 

the hands of an experienced operator, it is probably 

the most accurate method for detecting CBD stones. 

When applied correctly, there is only a 0-2% chance of 

retained stones, a far better percentage than the usual 

3%-5% of the routine exploration. Along with the com- 

pletion cholangiography, it is also a reliable means for 

confirming complete duct clearance after a successful 

exploration. 

There are two types of scopes: The rigid right-angle 

with the Hopkins rod-lens system offers the best possi- 

ble image quality, it is cheaper, easier to operate, has a 

longer life-span and is less susceptible to damage than 

the flexible fiber optic endoscope. Nevertheless, the fl- 

exible scope can cover much greater distances in ei- 

ther direction (liver biliary branches / duodenum) and 

can be used to extract stones via the T-tube tract. 

The instrument is inserted through the choledocho- 

tomy incision and initially advanced towards the intra 

hepatic ducts in order to visualize the hepatic duct, the 

bifurcation of the right and left hepatic duct and possi- 

bly the orifices of the secondary and even tertiary 

ducts. The scope can then be directed distally towards 

the ampulla, which looks like an inverted cone with a 

small orifice that opens and closes to permit the passa- 

ge of the saline. 

Using a liquid medium, maintained with a conti- 

nuous flow of normal saline under pressure through 

the sidearm of the scope, the choledochoscope can be 

advanced into the distal and peripheral ducts, to iden- 

tify CBD stones or even lesions, and retrieve or biopsy 

them. This can be done with a Dormia basket, fogarty 

biliary catheter, flexible forceps or punch biopsy 

instruments passed through the working channel. 

15.6.2.3. Biliary Drainage Procedures 

The available options are: 

- Transduodenal sphincteroplasty. 

- Choledochoduodenostomy. 

- Choledochojejunostomy Roux-en-Y. 

Approximately 30% of all patients requiring an open 

choledochotomy need a drainage procedure. Indica- 

tions for a drainage procedure are: Multiple CBD sto- 

nes (>4), sphincter of Oddi stenosis or dysfunction, 

primary CBD stones, previous choledocholithotomy, 

and marked CBD dilatation. 

Transduodenal Sphincterotomy and Sphincteroplasty 
(Fig. 15.13) 

Sphincterotomy consists of incising the distal part of 

the sphincter musculature for a distance of approxima- 
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Fig. 15.13. 

a. Duodenotomy for transduodenal sphincterotomy at 11 o'clock of papilla. 

b. Sphincteroplasty of CBD. 

c. Sphincteroplasty at the pancreatic duct. 

( ~ - ~ ~  2o06 d. Closure of duodenum. T-tube in CBD because of preceded choledochotomy. 

tely 1 cm. This incision should not extend beyond the 

outer wall of the duodenum. 

As already discussed, it is advisable to avoid using 
excessive force in the manipulations when we attempt 

to remove an impacted stone. 

Intraoperative sphincterotomy is the advised alter- 
native. 

After performing a Kocher's manoeuvre, a No 4 Ba- 
kes dilator is passed into the distal CBD in order to 

orientate and indicate the location of the ampulla. In 

the area of the duodenum opposite to the palpable pro- 

be, a 4 cm lateral duodenotomy is performed and the 

ampulla is exposed. Using the dilator as a guide, a 10mm 

incision through the anterosuperior side (opposite the 

pancreatic duct orifice) wall of the ampulla at the 11 o' 

clock position is performed and if successful, there is 

no need for suturing the mucosa. If, however, the 

stone cannot be extracted, a normal sphincteroplasty 

should be performed [2, 34]. 

Sphincteroplasty 

The indications for this retrograde approach to the 
exploration and clearance of the CBD are: the presence 
of stones impacted to the distal ampullary region and 
the presence of multiple and recurrent CBD stones. In 
addition, papillary stenosis and pyogenic cholingitis 

[43]. 
A sphincteroplasty requires complete division of the 

sphincter muscle. This creates a patulous, wide opening 

that is followed by suture approximation of the wall of 

the duodenum to the wall of the CBD [35]. During open 

surgery and after cholecystectomy has been comple- 

ted, a Fogarty balloon catheter is passed through the 

cystic duct into the CBD and through the sphincter of 
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Oddi. The duodenum is then mobilized by performing 

the Kocher manoeuvre. The ampulla is identified by 

pal-paring the balloon catheter. Similarly, after 

choledocho-tomy and Kocher manoeuvre, a dilator can 

be passed through and serves as a guide for the 

subsequent duo-denotomy. Thereafter, the dilator is 

used to bring the ampulla into the operative field, but 

care must be ta-ken not to perforate the duct [2]. A 

small transverse duodenotomy (about 10-15 mm long) 

[43] is perfor-med on the anterio-lateral duodenal wall 

just above the ampulla (usually located in the junction 

between the lower and middle 1/3 of the 2nd portion 

of the duo-denum) [38]. The ampulla should be 

identified in the medial duodenal wall (80% visible). A 

choledochosco-pe can be used to illuminate the area of 

the ampulla. When the ampulla is identified, is grasped 

laterally with a clamp and the duct is catheterized. It is 

vital to know the anatomic relations of the ampulla. 

Usually (80%) the pancreatic duct lies between 4 

and 5 o clock position and is exposed after a small (5- 

6mm) incision on the superior wall of the ampulla (11 

o clock position). It can then be catheterized [35]. 

After sphincterotomy is performed at the 11 o' 

clock mark, it must be carried for a distance of appro- 

ximately 1.5 - 2 cm [2]. Since that it is done on the an- 

terior-medial wall of the distal CBD and on the back 

wall of the duodenum, part of it is blind. Palpation of 

the area behind the ampulla can prevent bleeding from 

an anomalous artery in the area. The sphincter is pro- 
gressively divided between small clamps, with sequen- 

tial sutures placed 3-4mm on either side of the clamps 

until the proper size is achieved. At the apex of the 

sphincterotomy, a figure of eight suture can minimize 

the possible leakage from the duodenum. 
Subsequently, retrograde instrumentation of the CBD 

can be used to extract the stones. A choledochoscope 

can also be used [43]. 
The duodenum is closed transversely or longitudi- 

nally in 2 layers as is the choledochotomy as previous- 

ly described [2, 35]. 

A completion cholangiogram is performed through 

the cystic duct. The cystic duct stump is closed. The 

edges of the incision are sutured at the beginning of 

the incision and at its apex using an absorbable suture. 

The success rates have been reported to be as high 

as 90-100%, with morbidity and mortality rates slightly 

better than that with open choledochotomy. No biliary 
strictures were reported. 

Possible complications include: bleeding 0.65%, 

acute pancreatitis 0.60%, dehiscence of duodenal clo- 

sure 0.55%, and cholangitis 0.50%. 

Overall morbitity is about 2.3% and mortality 0.8% 

which increases if CBD exploration is also performed 

and a T-tube is used. 

Choledochoenterostom y ( Choledochoduodenostom y /  
Choledochojejunostomy) (Table 15.1 O) 

Choledochoduodenostomy (Fig. 15.14) 

It is the most commonly employed drainage procedure 
usually in the setting of a dilated CBD (>1.5cm) with 
multiple stones especially when it is uncertain whether 
all stones have been removed [36, 39]. It can be per- 
formed either side-to-side or end-to-side. 

In the side-to-side procedure, "sump" syndrome is 
a feared complication, in which food particles reflux 
into the biliary tree, resulting in obstruction, cholangi- 
tis, and/or pancreatitis. This complication can be di- 
minished if the size of the anastomosis is limited to 14 
mm or by preferring the choledochojejunostomy (Roux- 
en-Y). Overall it adds an extra 1% to mortality [5]. Other 
authors suggest a wide anastomosis with a stoma of 
>2.5cm in order to permit a free pass back of the food 
and decrease the possibilities for obstruction and cho- 
langitis [36, 39]. In order to diminish the chances for 
Sump syndrome, closure of the distal CBD and proxi- 
mal end to side anastomosis is suggested either with 
the duodenum or with the jejunum in a Roux-en-Y fa- 

shion [36]. 
Nevertheless, the most common choledochoente- 

rostomy performed is the side-to-side choledochoduo- 

denostomy (see complications about CBD exporation 

in table 15.11). 



Con. Ch. Karaliotas, S. Lanitis, G. Sgourakis 211 

( : ~ "  \ 

; Ch. Kar~k~s.:~ 
,* i l 

'/. t 

Fig. 15.14. Schematic re- 
presentation of end to side 
choledochoduodenostomy 
(today for choledocholithia- 
sis is rarely performed). 

Technique 

A generous Kocher manoeuvre is performed and the 

di-stal CBD is exposed. A 2-3 cm longitudinal choledo- 

chotomy is made close to the lateral border of the duo- 

denum along with a similar-sized longitudinal duode- 

notomy at the corresponding location. Guy sutures can 

be placed in the midpoints of the medial and lateral 

choledochotomy incision. A "diamond-shaped" ana- 

stomosis is made with interrupted absorbable sutures 

(vicryl 3-0 or 4-0). The anastomosis begins with sutu- 

ring the posterior and medial part of the duodenum 

with the distal part of the CBD and placing the knot 

inside the lumen. The posterior wall is done first follo- 

wed by the anterior, taking care to finish the anasto- 

mosis without tension [36, 39]. As already mentioned, 

one potential complication from this is the "sump syn- 

drome" caused by food or other debris caught in the 

distal CBD. This complication is rare (about 1%), and 

can be managed with ERC/ES. 

Other authors have suggested end-to-side choledo- 

choduodenostomy as well as choledochojejunostomy 

as alternative approaches, although endoscopic biliary 

access following these operations is virtually impossible. 

Ch oledoch ojejun ostom y 

This anastomosis is performed either in continuity or 

preferably as a Roux-en-Y loop that is passed in a re- 

trocolic fashion. The preferred anastomotic size is 2.5 

cm. It has the disadvantage of an added anastomotic 

line, redering future endoscopy is impossible but has 

the advantage of not being associated with reflux of 

food particles and sump syndrome. 

Isoperistaltic anastomosis is suggested while there 

is no difference in the way that the anastomosis is con- 

structed (s-e, s-s, e-s,e-e). 

Side to end/side anastomoses are easier to perform 

but they incorporate the risk of sump syndrome. It does 

not require circumferential dissection of the duct.On 

the other hand the end to end/side anastomosis elimi- 

nate the blind segment of the CBD hence the risk of 

developing sump syndrome. Nevertheless, for this 

kind of anastomosis, circumferential dissection of duct 
is necessary. 

The jejunum is divided about 15 cm from the Treitz 
ligament in the area of the mesentery about 2 cm distal 

to the artery supplying the 2nd arcade. The incision in 
the mesentery is extended to reach the arteries supply- 

ing the 3rd and 4th arcade and those vessels are divi- 

ded in order to mobilize the jejunum. The jejunum can 

then pass through an avascular area of the transverse 

mesocolon usually to the right of the middle colic arte- 

ry in order to reach the hepatic duct. The peritoneum 

around the duct is divided and the CBD exposed. For a 

side to end/side anastomosis, the duct is divided and the 

distal part is over sewn. For a side to end/side anasto- 

mosis a 2.5-3.5 cm longitudinal incision in the anterior 

wall of the duct is made. The anastomosis is performed 

with one layer of seromuscular sutures placed 4mm 
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Fig. 15.15. Schematic 
representation of 
Roux-en-Y end to side 
choledochojejunosto 
my. The end of the 
jejunum whenever 
needed is brought 
under the skin 
for easier accessibility 
of anastomosis. 

apart starting from the caudal and cephalad sutures and 

proceeding with the right and left side of the anasto- 

mosis. The Roux-en-Y jejunojejunostomy is stapled or 

hand sewn and the mesenteric gap is closed. 

If further intervention is anticipated, the anastomosis 

with the jejunum is effectuated some distance away 

from the distal end (on the side of the jejunum) and 

the distal end of the loop is brought under the skin and 

marked allowing an endoscopy through this area if 
needed (fig. 15.15). Alternatively, another part of the 
jejunum can be brought under the skin and marked. 

In the postoperative period, problems in the paten- 
cy of the anastomotic ring and the function of the ana- 
stomosis are examined by MRCP or endoscopy when 
the last is feasible. During the past years, the checking 
was done by barium meal for choledochoduodenosto- 

mies (fig. 15.16) or by scintigraphies (usually 99Tc - 
HIDA) in the case of choledochojejunostomy (fig. 15.17). 

15.7. Cholecystectomy in Patients 
with Choledocholithiasis 

Performance of a cholecystectomy in patients with 

choledocholithiasis remains controversial, though re- 

comended by most experts. However, in patients who 

cannot tolerate surgery well (eg, due to age, medical 

problems), leaving the gallbladder in situ is an option 

providing the organ is asymptomatic. 

Fig. 15.16. 
a. Barium meal for diagnosis of "sump syndrome" in choledocho- 
duodenostomy. 
b. Stone in blind distal part of CBD; classical case of "sump syn- 
drome". 

Cholecystectomy is not indicated for primary CBD 

stones. 
In cases of acute cholecystitis, jaundice with firmly 

impacted CBD stones in an acutely ill patient the only 

recommended approach is to decompress the duct 

with a T-tube (Williamson 1990). 
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15.9. Lithotripsy as a Complimentary Modality 
for the Management of the Common Bile 
Ducts 

Fig. 15.17. Cholescintigram with 99Tc-HIDA, for evaluation of a 
choledochojejunosomy function which works properly. 

15.8. Postoperative Care 

T-tube: it must by gravity drain freely to a plastic bag 

until the postoperative cholangiogram (day 5-7) which 

if normal and if free flow is demonstrated the T-tube 

can be clamped and removed at postoperative day 9- 
21. 

A tube cholangiogram helps assess for the presence 

of retained stones, the status of the sphincter of Oddi, 

the architecture of the biliary tree, and the condition 

of the anastomosis. This study is best performed under 

fluoroscopic guidance in the radiology department. 

• A n t i b i o t i c s :  patients must be covered perioperati- 
vely. 

• Drain:  should be removed after 4-5 days unless 
drainage is excessive. 

• L a b o r a t o  W data: serum bilirubin, amylase levels and 

liver enzymes are measured in the postprocedure 
period as part of follow-up care. 

• Fur the r  o u t p a t i e n t  care: 

Serum bilirubin levels and liver enzymes are measu- 

red in the postprocedure period as follow-up care. 

Management of retained stones: Extraction (or con- 

sideration of lithotripsy) of retained stones is perfor- 

med 6 weeks after placement of a biliary drain or ca- 

theter, when the tract is mature. Dissolution of the sto- 

nes using monooctanoin is another option. 

As already discussed, choledocholithiasis is nowadays 

managed with minimal invasive techniques preserving 

open exploration for cases where these modalities fail 

to remove the stones or for cases when common bile 

stones are identified during an open procedure. 

Lithotripsy can be used complementary to both sur- 

gical and non surgical treatment modalities in order to 

increase the success rate and decrease the percentage 

of retained stones. 

Endoscopic sphincterotomy (ES) and extraction of 

stones using basket or balloon catheter can effectively 

treat more than 80% of all CBD stones (80-90%) with a 

complication rate of less than 10% [44, 45]. Neverthe- 

less, the success rate declines with the increase in the 

stone size. Stones larger than 1.5 cm must be fragmen- 

ted before they can be extracted [8]. Hence, for those 

stones which cannot be initially extracted, mechanical 

lithotripsy (ML) is the method of choice as a next step 

with success rates reported up to 88-92% [8, 44]. 

Nevertheless, even this method can be difficult or 

impossible when very large, impacted, or very hard 

concretions, are present in the CBD. Laser lithotripsy 

(LL), Electrohydraulic Lithotripsy (EHL), and ESWL 

constitute alternative options, with success rates of 80% 

to 95%, particularly indicated for elderly patients and 

patients with an elevated surgical risk. 

Unfortunately these methods are not widely availa- 

ble and usually stenting is used for immediate stone 

therapy, which of course cannot be used as a definitive 
treatment apart from selected cases [46]. 

The available intracorporeal Lithotripsy techniques 
are: 

• Mechanical Lithotripsy (M.L.). 

• Electrohydraulic Lithotripsy (E.H.L.). 

• Laser lithotripsy (L.L) (table 15.12). 

J 
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These techniques require near contact with the sto- 

ne. Usually this is accomplished via T-tube track, per- 

cutaneous, transhepatic or endoscopic retrograde ap- 

proaches. Nevertheless, in the open exploration of the 

duct, these techniques can be successfully applied and 

cholangioscopy or choledochoscopy can be used for 

direct visualization of probe placement for lithotripsy 

in order to minimize the risk of duct damage. 

15.9.1. Mechanical Lithotripsy 

Mechanical lithotripsy systems were introduced in 

1982 [47, 48] and since then they have become effe- 

ctive and relatively easy to use with reported efficacy 

rates in excess of 90% [8, 49-52]. A low-cost modality, 

it can add a further 4-8% success to the common me- 

thods of stone extraction [45]. 

The lithotripter consists of a large hard-wire basket 

with an additional spiral sheath which is advanced in 

the biliary tree to reach the position of the stones. The 

basket is then pulled back to the external hard duct of 

the lithotripter and the cranking mechanism is used to 

fragment the stones [45, 53]. Usually pneumatically 

driven projectiles strike a metallic probe on a calculus 

and proving perticularly useful with large and hard sto- 

nes. Commonly, the created fragments require extra- 

ction with either an endoscopic basket or grasper. 

These devices work best when they are used through 

a rigid endoscope and can be associated with stone 

migration during treatment. Nevertheless, a flexible 

pneumatic lithotripsy probe is available [8, 45, 54]. 

Failure is usually due to stones >3 cm that cannot 

be captured with the lithotripter basket especially when 

they occupy the whole lumen of the duct. Neverthe- 

less, even larger stones can be partially captured and 

gradually fragmented [45]. Other contributing factors 

leading to failure of this technique are multiple large 

stones preventing the opening of the basket, or extre- 

mely hard stones causing the basket to break [8]. In 

conclusion, mechanical lithotripsy can be cumbersome 

in about 10% of all cases, time consuming, or ineffecti- 

ve. In such cases, additional methods such as extracor- 

poreal shock wave, intracorporeal electrohydraulic, or 

laser induced lithotripsy are recommended [55]. 

15.9.2. Electrohydraulic Lithotripsy (E.H.L.) 

EHL is an effective way of managing difficult CBD sto- 

nes with fragmentation rates of 96% and final stone 

clearance rates of 90% with few complications [44]. 

EHL probes deliver energy via 2 coaxial electrodes 

(Bipolar Electrode) in an aqueous medium. Ignition 

creates a small spark of high temperature that vapori- 

zes a small volume of water into a gaseous bubble. The 

bubbles expand circumferentially as hydraulic shock 

waves. The shock waves are produced only between 

the two electrodes, they last 2-4 ins each and their vol- 

tage is between 1000-2000 v. Usually the bursts hap- 

pen at a frequency of 5-6 shocks per sec and with an 

average of 5-10 bursts per stone fragmentation [44]. A 

continuous infusion with N/S is mandatory. The electro- 

de should be in close apposition to the surface of the 

stone so that energy is absorbed only by the non-flexi- 

ble stones precipitation their fragmentation. Therefore, 

direct visual control is required in order to avoid bile 

duct perforation because of contact of the probe with 

the duct wall [56]. 

Power is proportional to the diameter of the probe. 

EHL lithotripsy can damage adjacent tissues so care 

must be taken not to touch the CBD walls in order to 

avoid the risk of perforation. 

After the stone is fragmented the stone chips are re- 

moved from the duct by common measures (balloon, 

basket) [44, 45, 54, 57-59]. 

Failures are usually attributed to an extremely large 

stone. In addition, when the CBD is full of multiple 

stones, the technique may similarly fail. It is not free of 

complications since there is a potential risk of haemorr- 

hage, perforation of the duct as well as late stricture of 

the duct. Despite excellent results, complications up to 

22% have been described and including haemobilia, 

perforation of the duct, acute pulmonary embolism, 

and haemothorax [60]. 

Nevertheless, it is considered to be the safest and 

most effective mechanical method as well as less time 

consuming and the least expensive. The consistency of 

the stone is not a factor affecting the outcome [54, 57- 

59]. 

15.9.3. Laser Lithotripsy (L.L.) 

The success rate of this technique is reported to be 

between 82-90% [56]. 

Laser lithotripsy was first described by Orii et al in 

1981 [61]. 
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The first generation lasers were ineffective in stone 

fragmentation and posed a high risk of thermal bile 
duct injury. At that time, the continuous-wave Nd:YAG 

laser was used successfully in 2 patients. The best form 

of laser used is the o Nd:YAG laser with continuous 

current (energy 2j and pulse duration 10 ms) but the 
initial wavelength caused increased wall temperature 

incurring a high risk of damaging the ducts so it was 

not successfully applied to the lithotripsy. 

The second generation lasers are based on pulsed 

dye laser technology delivering low energy in pulses 

thus minimizing the risk of injury and generating a 

mechanical shock wave as the plasma expands and 

collapses on the stone surface. 

The light wavelength yielding the best results is the 

504 nm. Research suggested that the 504-nm coumarin 
pulsed dye laser was a nonthermal safe laser. It uses a 

light energy of 504 nm delivered in a pulsatile fashion 

with a pulse duration of 1,5 - 2 lJS and energy of 60-120 
mj through optical quartz fibers. This produces plasma 

between the tip of the fiber and the calculus, frag- 

menting stones with a photo acoustic effect [61]. 

Therefore, light energy which is converted to me- 

chanical energy is used to successfully fragment the 

stones. In this way, damage to the tissues is avoided. 

The deliverable energy is limited by fiber diameter, 

with the smallest fibers (200-tim fiber) only able to de- 
liver 80 MJ, which is often not sufficient to fragment 
the hard stones. In addition, this laser energy has little 

effect on cystine calculi; 504 nm of light energy passes 

through this crystal rather than creating the aforemen- 

tioned plasma on the surface. 

Even with the smallest fibers, the energy delivered 
is usually sufficient to fragment most stones into fine 
dust and small pieces irrespective of composition. 

The 504 nm Coumarin Pulsed dye Laser is a safe 
and effective widely used laser but perforation of the 
duct has been reported in up to 11.1% after 50 conse- 
cutive pulses with energy of 60 mj and in up to 44,4% 
with energy of 120 mj [49, 50]. 

Advancing laser technology has led to the develop- 

ment of the holmium:YAG (yttrium-aluminum-garnet) 

laser, which is a thermal laser using 2150-nm wave- 

length of light. It works with a photothermal mecha- 

nism when is used in saline irrigant. Energy is delive- 

red in a pulsatile fashion through low-water density 

quartz fibers. A vaporization bubble formed at the tip 

of the fiber confines the thermal effect of this laser 

when this is applied within a water-based medium. Its 
energy is rapidly absorbed by water, creating a vapori- 

zation bubble that has minimal effects on adjacent 

tissue 2-3 mm from the fiber tip. These qualities result 
in minimal tissue trauma. With this laser energy, calculi 
can commonly be sculpted into extractable fragments 

or pulverized into dustlike particles that pass easily 

from the biliary tract while hazardous cavitation bub- 

bles or shock waves are not produced. In 1995, Ma- 

tsuoka presented the first clinical series of endoscopic 

lithotripsy with this wavelength and found it to be safe 

and efficient in treating ureteral stones [62]. Later it 

was applied in the management of the choledocholi- 

thiasis [61]. As opposed to the coumarin pulsed-dye 

laser, holmium laser lithotripsy produces smaller 

fragments that can be, in part, irrigated from the ducts. 
The holmium:YAG laser is an effective multidisci- 

plinary lithotripter with a fragmentation rate >90% 

[61], but it can be used only under cholangioscopic 

control, limiting its use to centers who have the equip- 

ment and the expertise to use them. 

In terms of the technique, from the work channel 

of the choledochoscope, under direct vision (increases 

the rate of complete clearance of the duct and decrea- 

ses the complication rate) the lithotripter is introdu- 

ced, approaches and closely apposes the stone and the 
laser is fired resulting in stone fragmentation. The CBD 

is then irrigated with N/S and the stone chips are re- 
moved. Laser lithotripsy is the safest method described 

[54, 57-59]. 
Laser lithotripsy using smart laser systems such as 

the rhodamine 6G dye laser and the frequency double 
pulse Q switched neodymium YAG laser (FREDDY) 
can simplify the treatment of these difficult bile duct 

stones. Effective stone fragmentation is accompanied 
by only low tissue alteration. 

The rhodamine 6G-dye laser allows blind fragmen- 
tation of these stones by exclusive insertion of a 7-F 

metal marked standard catheter into the bile duct by 

standard duodenoscopes using intermittent fluoroscopy. 

FREDDY uses a piezoacoustic stone/tissue discri- 

mination system which can achieve a fragmentation 

efficiency comparable to that of the rhodamine 6G dye 

laser at about one third of the cost system [55]. 

The need for application of lithotripsy under direct 

vision is overcome with the introduction of the optical 
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stone tissue detection system (oSTDS) which automati- 

cally cuts off the emitted laser pulse, if no contact bet- 

ween fiber tip and stone is established by the detector 

[55]. This is done using a fraction of the energy of the 

laser pulse (about 1-2%) to induce specific fluorescen- 

ce on the surface of the target in front of the distal fi- 

bre end which when transmitted back and analyzed 

(qualitative and quantitative) can differentiate between 

stone material and tissue. In this way the laser pulse 

can be cut off 190 ns after its release and even in case 

of bad application only 5-8% of the total energy of the 

2.5 ns (2500 ns) laser pulse is delivered until the beam 

is cut off. increasing the safety of laser lithotripsy un- 

der unfavorable or even blind viewing conditions [55]. 

15.10. Management of Retained Stones 
After Cholecystectomy 

15 .10 .1 .  Incidence 

After cholecystectomy the incidence of retained or re- 

current calculi overall is 1-2%. In patients who had CBD 

exploration that percentage is less than 5% and after a 

second operation on the biliary tree increases to 20% 

[14,41]. 

Other authors report the incidence of retained CBD 

stones postoperatively to be about 14% after open 

operation [63] ranging from 5% to 15% [64] and about 

8% following laparoscopic surgery [63]. 

After endoscopic approaches the incidence of retai- 

ned stones is between 5-10% usually because the sto- 

nes are either too big or impacted [56]. 

In such cases the same principles in diagnosis and 

management  as the ones described for the initial ma- 

nagement of the CBD stones can be applied. 

15.10.2. Management of Retained Stones 
(<5%)  [20, 211 

The management  of retained stones after cholecyste- 

ctomy is a problem mostly managed by the endosco- 

pist. Nevertheless, in cases where these techniques fail 

or they are not feasible there is a role for open CBD 

exploration. 

The treatment options include extraction of the sto- 

ne or bypass/biliary-enteric rainage. 

Optimization of the patient is vital and antibiotics 

can reduce complications if given perioperatively in 

high-risk patients. Vitamine K should be administered 

to a jaundiced patient [76]. 

15.10.3. Stone Extraction 

• Extraction through the T-tube with or without the 

use of the choledochoscope (success rate 95%). 

• Dissolution of small stones using solvents through 

the T-tube. 

• ERCP sphincterotomy (success up to 85% with a 

complication rate up to 5-10% haemorrhage, pan- 

creatitis, cholangitis, perforation and mortality up to 

0.5-2% and long term complications like stenosis up 

to 10%). 

• Biliary lithotripsy. 

• Open surgery (mortality <2%) and either reexplora- 

tion or biliary enteric drainage with the latter being 

a better option when stricture of the distal duct, 

marked dilatation, multiple stones and an inability 

to remove them all is the case. 

15.10.4. Biliary Enteric Drainage 

15.10.4.1. I n d i c a t i o n s  

• Stricture of the distal duct or sphincter of oddi. 

• Inability to remove all stones from the duct. 

• Multiple stones or primary CBD stone. 

• Marked dilatation of the duct (>2 cm). 

• Second reoperation. 
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16.1.  Introduct ion 

Choledocholithiasis is predictable in 8 and 15% of pa- 
tients undergoing laparoscopic cholecystectomy, the 
percentage increasing with age. After the advent of la- 
paroscopic cholecystectomy, endoscopic retrograde 

cholangio-sphincterotomy (ERCS) had essentially re- 
placed open surgery for safe and effective common bi- 
le duct stone extraction, despite its significant morbi- 
dity and mortality. The performance of laparoscopic 
cholecystectomy and laparoscopic intraoperative cho- 
langiography combined with technological advances in 
equipment and instruments made laparoscopic com- 
mon bile duct exploration the next logical sequential 
step in cases of choledocholithiasis. 

Although this is a matter of controversy, we share 
the belief that intraoperative cholangiography should 
only be performed in selected cases, where choledo- 

cholithiasis is suspected [1]. As stated in the literature, 
intraoperative cholangiography can be accomplished 
in 65 to 98% of cases with a less than 5% false positive 
or negative rate [2]. Imaging with digital subtraction 
and amplification and/or intraoperative ultrasound [3] 
is of great assistance in detecting CBD lithiasis and 
anatomical abnormalities. 

Large prospective randomized trials [4, 5] have no- 
tably documented the advantages of laparoscopic com- 
mon bile duct exploration with results comparable to 

that of endoscopic CBD stone removal. ERCP should 

be performed only in cases of elderly patients with 
suppurative cholangitis. The spectrum of laparoscopic 
treatment options is presented below. 

16.1.1.  Trancystic Laparoscopic CBD 
Exploration (Fig. 16.1)  

The trancystic approach is the most widely held me- 
thod engaged at present for common bile duct stone 
retrieval. Intraoperative management obviously inclu- 

des cholangiography or an intraoperative sonographic 

study [6] which dictates the approach of ductal access 
(trancystic or choledochotomy) and the choice of equip- 
ment to successfully accomplish stone extraction. Cer- 
tain characteristic criteria are pivotal to the decision 

making process (table 16.1) [4]. Findings such as stone 
diameter > 6 mm, intrahepatic stones, number of sto- 
nes > 4, cystic valves, stone in the proximity of cystic 
duct insertion to the CBD, cystic duct diameter < 3 mm 
and posterior or distal entrance of the cystic duct will 
preclude the performance of trancystic approach while 
CBD diameter <8 mm and marked inflammation signi- 
ficantly discourage choledochotomy [7]. 

Some of the above mentioned findings are only re- 

lative contraindications for those experienced surgeons 
mastering the technique. A minimum 2 mm inner dia- 

meter of the cystic duct, which could be dilated twice as 
much, is mandatory to allow the insertion of instruments. 
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Fig. 16.1. Trancystic exploration. 
a. Dilatation of cystic duct is performed in order to pass instruments via cystic duct into common bile duct. Glugagon lmg is i.v. given to the 
patient for sphincter relaxation. 
b. Technique of blind wrapping and trapping of CBD stone among Dormia basket wires. 
c. Alternative technique of wrapping and trapping of CBD stone with direct visualisation by choledochscopy. 
d. At the end of complete clearance of CBD, may be needed dilatation of sphincter of Oddi. This is performed under fluoroscopy and indicated 
only for small stones. 

In addition to the four trocars used in the establi- 

shed set-up for laparoscopic cholecystectomy, a fifth 

trocar is placed in the right subcostal area paralleling 

the axis of the cystic duct. 

It is not uncommon for a variety of noncholedo- 

choscopic manoeuvres to clear the duct before choledo- 

choscopy is employed. When cholangiogram demon- 

strates no flow into the duodenum, due to small stones 

or debris, the administration of I or 2 mg of Glucagon 

IV injection or intraductal injection of 3 to 4 mL of 2% 

lidocaine (without epinephrine) mixed with the contrast 

material, relax the smooth muscle fibers of the sphin- 

cter of Oddi, thus clearing the duct [8]. A small stone 

without clinical or laboratory significance will sponta- 

neously pass to the duodenum. 

The flashing of CBD through cholangiocatheter might 

also be a complementary procedure with successful out- 

come. Low pressure balloon tipped Fogarty catheters 
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or stone retrieval Dormia or Segura type baskets inser- 

ted through the cholangiogram sleeve with or without 

fluoroscopic guidance (fig. 16.2.) can also be conduci- 

ve to duct clearance. It is essential that the basket is 

not advanced too far into the CBD otherwise "arrest" 

of the ampulla may ensue. Pancreatitis or perforations 

of the CBD are potential complications. 

The inner cystic duct diameter should be large 

enough to allow passage of the scope and if necessary, 

the cystic duct can be dilated with awareness, using 

curved forceps, mechanical graduated dilators over a 

flexible guide wire or pneumatic high pressure angio- 

plasty balloon dilators advanced similarly over a guide 

wire. This must be done smoothly to avoid injuring the 

CBD. The choledochoscope is inserted through the small 

incision on the cystic duct made for the intraoperative 

cholangiography, either from the sleeve of the cholan- 

giocatheter or through the medial epigastric port. For- 

ceps manipulation or introduction of the scope over a 

guidewire facilitates insertion of the instrument into 

the CBD. 

Laparoscopic CBD exploration via the trancystic 

approach using a small cholangioscope (2.1 to 3.2 mm 

in diameter with a 1 mm working channel), involves 

Fogarty catheters, Dormia-Segura wire baskets, and li- 

thotriptor probes. 

Attention must be paid to avoid lacerations of the 

CBD during stone retrieval. In selected cases the cystic 

duct incision may be extended by advancing scissors 

and cutting the cystic duct longitudinally en route for 

CBD in order to accommodate the choledochoscope 

or to permit removal of a larger stone. If this is the ca- 

se then closure of the duct invariably necessitates sutu- 

ring after T-tube placement. Ureteral catheters are highly 

practical for confirming the patency of the ampulla. 

Trancystic approach is successful in 85 to 90% of 

the cases [9,10,11]. It is rather unfeasible in cases of 

hepatolithiasis to advance the instruments proximally 

(due to the acute angle of entrance of the cystic duct 

into the CBD), although employing inferior traction on 

the gallbladder infundibulum has been reported to be 

effectual. Stones impacted in the ampulla can dealt with 

by lithotripsy under direct vision taking great care to 

keep the CBD wall out of harm's way. A completion 

cholangiogram must be carried out in all cases. 

Oral intake is resumed as soon as tolerated and in 

the absence of biliary drainage, the patient is dischar- 

Fig. 16.2. 
a. A very wide dilatation of CBD. Indication for laparoscopic choledo- 
chotomy. 
b. Intraoperative cholangiography. The catheter and the cholangio- 
gram. 
c. C-arm for intraoperative fluoroscopy and cholangiography. 

ged the following day. When a trancystic biliary drai- 

nage catheter is left in place a cholangiogram is perfor- 

med on the first or second postoperative day and the 

drain is clamped. In cases of poor duodenal drainage 
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the catheter is left open and removed after 3 or 4 

weeks. A final cholangiogram is mandatory before re- 

moval. 

If drainage is required for the management of retai- 

ned stones, a transcystic transpapillary 2 to 3 mm ca- 

theter can be introduced through the cystic duct and 

left in situ. Now a new-established tract is forming by 

waiting for a period of 5-6 weeks before any attempt 

can be made to introduce a guide-wire and retrieve 

any retained stones [12]. The most distressing compli- 

cation is CBD injury and the immediate identification 

of which is crucial to a better outcome. 

The method is secure, is productive and cost effe- 

ctive, but commands technical expertise and familiari- 

ty with the equipment. 

initially at a distance of less than 1 cm and elongated 

subsequently as mandated. Occasionally a stone pops 

out with a spurt of bile while incising the CBD (fig. 

16.3 a-b). 
The CBD distal to the choledochotomy is manipu- 

lated bluntly from below upward using two instruments 

in order to extricate occluding stones. This straightfor- 

ward manoeuvre is successful in a number of cases [13]. 

A deflated balloon catheter is subsequently advan- 

ced through the choledochotomy with the assistance 

of atraumatic forceps into the duodenum. The balloon 

is then inflated and pulled out blindly to dislodge sto- 

nes detected in the cholangiogram (fig. 16.4 and 16.5). 

We have found this step of action to be particularly 

successful for larger stones. Smaller stones can also be 

extracted by using forceful irrigation of the CBD 

16.2. Transcholedocal Laparoscopic CBD 
Exploration 

A transcholedochal laparoscopic CBD exploration should 

be performed in cases when the cystic duct is < 3 mm 

in diameter or friable, the stones are very large, the 

CBD is dilated or the transcystic approach has failed 

(table 16.2). 

16.3. Non-Choledochoscopic Manoeuvres 

After verification of CBD lithiasis in intraoperative cho- 

langiography, lateral and upward traction on the gall- 

bladder facilitates stability of the CBD through the in- 

tact cystic duct. An additional port is inserted to the 

left midclavicular line at the level of the umbilicus. The 

peritoneum and fascial layer over the CBD is divided. 

Dissection of the proper hepatic artery or its right branch, 

in the event of these vessels traversing the bile duct is 

mandatory for the choledochotomy. The anteriorly 

exposed supraduodenal segment of the CBD is incised 

~ .... 

b 

Fig. 16.3. a-b. Stones pop out after choledochotomy in two diffe- 

rent cases, 
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Fig. 16.4. Stone removed by dragging the ballon blindly. 

Intraductal electrohydraulic lithotripsy or laser frag- 

mentation is used cautiously to fragment a very large 
impacted stone. Visually guided extraction proved 

successful in 87.5% in our series [1]. 

In complicated cases with severe pericholecystitis 

or perforation, intraoperative ERCP permits recogni- 

tion of the CBD and verifies the existence of CBD cal- 
culi. A sphincterotomy can be carried out and, as jud- 

ged appropriate, a stent can be inserted to guarantee 

CBD drainage with minimal morbidity. Kocher manoeu- 

vre, namely mobilization of the duodenum and head 

of pancreas or even laparoscopic choledochoduodeno- 

stomy, is necessary in cases of large occluding calculi 

where endoscopic treatment has failed or in the presen- 

ce of a heavy stone load [14]. Conversion to open sur- 

gery is obligatory when lack of experience so dictates. 

After stone extraction a completion choledocho- 

scopy is performed and the biliary tree is examined in 

its entirety for retained calculi or debris. There is a de- 

gree of difficulty attached to the adequate visualization 

of the the ampullary region (Fig. 16.6, 16.7). 

T-tube or cystic duct stump drainage with primary 

closure of the bile duct is employed for decompression 

of the extrahepatic biliary tree from its transient ob- 

struction due to edema at the lower end of the CBD 

Fig. 16.5. Stone removed by dormia via choledochoscope. 

through an inserted silastic catheter or the sucker tip, 
to which they adhere. 

16.4. Choledochoscopy 

When all non-choledochoscopic measures have been 

tried a visually guided extraction of the remaining 

stones follows. The 5.5 mm flexible choledochoscope 
is inserted from the right subxiphoid port. Copious sa- 

line irrigation of the CBD is indispensable. Stone re- 

moval is accomplished through Dormia or Segura type 

wire baskets or balloon-tipped Fogarty type catheters. 

Fig. 16.6. 
a. Choledochoscopy procedure at the beginning. 
b. Choledochoscopy meets a pigment stone. 
c. A Dormia basket catheter passes behind the pigment stone for 
trapping it. 
d. Cholesterole stone during choledochoscopy. 
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Fig. 16.7. Choledochoscopy: two different view of the common bile 
duct inside, by choledochoscopy. 
a. Distal view of CBD. 
b. Proximal view of common hepatic duct. 

(fig. 16.8). Noteworthy is that an increasing number of 

reports in the literature support the primary closure of 

the bile duct without drainage for selected cases [15]. 

The length of the transverse limb of the T-tube should 

be roughly twice the length of the CBD opening. Clo- 

sure of the choledochotomy is completed with interru- 

pted 4/0 absorbable sutures involving non-cutting nee- 

dles using intra- or extra-corporeal knots followed by a 

fluorocholangiogram to ensure that complete duct 

clearance has been achieved. 

Postoperative bile leakage is frequent and is ad- 

dressed by the insertion of a subhepatic drain. Bile 

drainage beyond 48 hours is twice as common after T- _ 

tube drainage than cystic duct drainage (15% vs 7% in 

our series) contributing, partly, to the longer hospital 

stay in the former group of patients (9 vs 7 days in our 

series). 
Cholangiography is usually carried out on the fifth 

postoperative day. The cannula is removed the follo- 

wing day (longer in elderly patients and diabetics), 

should no bile leak be documented. Occasionally, a re- 

sidual stone is depicted in the completion fluorocho- 

langiogram. According to our practice there are two 

possible ways of dealing with this. Either, a guidewire 

is introduced through the cannula into the duodenum, 

as an endoscopist guide for eventually sphincterotomy 

and stone extraction, or retained stones can be extra- 

cted by interventional radiologists after the tract has 

matured. 

The administration of CBD infusion of stone solvents 

has proved rather disappointing. Extracorporeal shock 

wave lithotripsy [16] or anterograde sphincterotomy and 

direct approach of the papilla through endoscopic duo- 

denotomy [17] can be considered as alternative options. 

Fig. 16.8. T-tube and choledochotomy suturing. 
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ENDOSCOPIC MANAGEMENT OF COMMON 
BILE DUCT STONES 

Kon. Goumas, A. Poulou 

17.1 .  In t roduct ion  

The management of patients with common bile duct 

stones was always challenging and the introduction of 

endoscopic retrograde cholangiopancreatography 
(ERCP), three decades ago, had a major influence in 
the overall treatment. The profound advantages of 

ERCP vs open or laparoscopic surgery, established it as 

the predominant method for the treatment of choledo- 

cholithiasis. Endoscopic sphincterotomy of the main 

duodenal papilla, in combination with a number of ol- 

der and innovative techniques for stone fragmentation 

and extraction, is nowadays considered the cornersto- 

ne of the endoscopic treatment for patients with com- 

mon bile duct stones. Recent advances in radiologic 

imaging, such as magnetic resonance cholangiopan- 
creatography (MRCP) and laparoscopic surgery are 

struggling to compete with ERCP, however ERCP con- 

tinues to be a first line method in treating choledocho- 

lithiasis. 

Fig. 17.1. Endoscopic view of the endoscopic sphincterotomy. 

17.2.  EndOSCOpic S p h i n c t e r o t o m y  

17.2.1.  Standard Technique 

Sphincterotomy is a procedure during which incision 
of the papilla and the muscles of the sphincter of Oddi 
occurs, in order to broaden the distal part of the com- 

mon bile duct (fig. 17.1).The procedure is performed 

using a sphincterotome, which consists of a Teflon ca- 

theter with a cautery wire exposed near its tip. The 

Demling-Classen sphincterotome (pull-type papilloto- 

me) is the most frequently used (fig. 17.2), although 

there are numerous variations of this basic type papil- 

lotome [1]. After correct orientation of the papilla with Fig. 17.2. Standard sphincterotome. 
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a side viewing duodenoscope, the sphincterotome is 

introduced into the bile duct while its position at the 
papilla and within the duct is monitored both endosco- 
pically and fluoroscopically. Subsequently, the sphin- 

cterotome is retracted until one half to two thirds of its 
cutting-wire length is visible outside the papilla. When 

tension is exerted on the cutting wire, the roof of the 

papilla comes in contact with it. Applying intermittent 

bursts of diathermic current, forms the incision in 

ranging length from 0.5 to 1.5 cm, depending mainly 
on the local anatomy and the size of the stone to be 

extracted [2]. The cutting wire should track directly up 
the middle of the papilla, usually between 10 to 12 o' 
clock position in the visual field. In patients with 
Billroth II gastrectomy or gastric bypass with Roun-en- 
Y, the orientation is rotated 180 ° to the upside down 
position and biliary sphincterotomy may be performed 
by use of a needle-knife over a previously placed bilia- 

ry stent or by use of a rotatable papillotome (orienta- 

tion to 6 o'clock). 

17.2.2.  C o m p l i c a t i o n s  

The safety of sphincterotomy has been well documen- 
ted during the last thirty years. A short-term complica- 

tion rate of 5.4% associated with 0.3% mortality has 
been reported by Coppola et al, in their retrospective 

study [3]. Bleeding (2.4%), acute pancreatitis (0.5%), 

perforation (0.4%) (fig. 17.3) and acute cholangitis (1.3%) 
were the most frequent and significant complications 
(table 17.1). Surgical intervention due to post-sphin- 
cterotomy complications was reported in 0.9%. Post- 
sphincterotomy complication rate is directly related to 
several risk factors (table 17.2). Freeman et al [4], re- 
ported that a suspected sphincter of Oddi dysfunction, 
younger age, pre-cut sphincterotomy, difficult cannula- 
tion and repeated injections of contrast medium in the 
pancreatic duct were associated with an increased rate 

Fig. 17.3. Post-endoscopic sphincterotomy perforation of the duo- 
denal wall. Note the subphrenic and perihepatic presence of intra- 
abdominal air. 

of acute pancreatitis. Apart from this deduction, they 
concluded that patients previously suffering from coa- 
gulation disorders and receiving anticoagulation thera- 
py within three days preceding the procedure or expe- 
riencing cholangitis prior to the procedure, as well as 
active bleeding during the procedure, combined with 
the limited experience of the endoscopist, were factors 

that related to a higher rate of post-sphincterotomy he- 
morrhage. In this study, the investigators prospectively 

collected data from 2347 patients who had undergone 
endoscopic biliary sphincterotomy, concluding that the 

overall complication rate was 9.8%. 
Moreover, after a multivariate analysis of risk fa- 

ctors for sphincterotomy complications, Freeman et al 
[4] made the assumption that limited experience of the 

operator is a significant risk factor. There was a signifi- 
cant increase in the number of difficult and failed can- 
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nulations, pancreatic injections as well as post-sphin- 
cterotomy complications, when the performing endo- 
scopist had an average of less than one sphincterotomy 
procedures per week. In the retrospective study by 

Coppola et al [3], there was a statistically significant 
reduction in complication rates correlating with in- 
creased operator's experience for the specific procedu- 
re. The complication rate decreased from 10.3% du- 
ring the initial 2 years, to 2.1% during the final 2 years 
of the 8-year study. 

17.2.3. Compl i ca t i ons  P r e v e n t i o n  
and Management 

Pancreatitis, hemorrhage, perforation of the duodenal 
wall and cholangitis are the most frequent complica- 
tions of endoscopic sphincterotomy and they usually 
become manifest within 12 to 24 hours, although pan- 
creatitis and cholangitis may appear later. 

Late complications of sphincterotomy include re- 
current stone formation (fig. 17.4) as well as papillary 
stenosis which is manifested with biliary colic, cholan- 
gitis and biliary pancreatitis, especially in patients with 
a gallbladder in situ, a large bile duct and those with 
periampullary diverticuli [6]. Sphincterotomy alone 
does not predispose to an increased risk of cholangitis 

neither to an increased risk of bile duct or gallbladder 
cancer development [7]. Most of the early and late 
complications of sphincterotomy, with the exception 
of acute pancreatitis, can be managed effectively by 
means of ERCP [ 1 ]. 

Recently, a new high-frequency current generator 
with an automatically fractioned cutting function (en- 
docut, Erbe), (fig. 17.5) has shown promising results in 
reducing the risks of bleeding and perforation from 
sphincterotomy. Compared to a standard generator for 
sphincterotomy, the Erbe endocut generator showed a 
significant reduction in the rates of bleeding (26% vs 
4%; p = 0.002) and uncontrolled incisions (36% vs 2%; 
p < 0.001) [5]. 

Pancreatitis remains the major complication from 
ERCP procedure. Many studies have examined the 
prevention of post-ERCP pancreatitis by means of spe- 
cific drugs, but they are not widely approved and may 
not be truly effective. Gabexate [8], somatostatin [9], 
ulinastatin [10] and other protease inhibitors [11] have 
shown promising results but there are no guidelines 
for the use of these agents. Unfortunately large studies 
demonstrated that most drug agents promising the pre- 
vention of post-ERCP pancreatitis have been proven 
ineffective [ 12]. 

Stenosis of the biliary orifice after endoscopic bilia- 
ry sphincterotomy (EBS), which was performed for 
common bile duct stone removal, has been estimated 
to develop in 1% to 2.5% of cases [13]. This figure may 

Fig. 17.4. Retrograde cholangiogram demonstrating recurrence of 
choledocholithiasis, 4 years after the initial endoscopic sphinctero- 
tomy. 

Fig. 17.S. High frequency current generator with an automatically 
fractioned cutting function (Endocut, ERBE) used for safer endosco- 
pic sphincterotomy. 
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reach 16% when EBS is performed for sphincter of 

Oddi dysfunction [14]. It has been reported that endo- 

scopic dilation and multiple stent placement achieved 

stricture resolution [15]. Endoscopic follow-up treat- 

ment consisted of the sequential insertion of an increa- 

sing number of plastic stents with larger diameter, in 

3-month intervals till stricture resolution. 

17.2.4.  Diff icult  Bile Duct Cannulation 

The inability to achieve selective cannulation of the 

bile duct is probably the most frustrating and humbling 

experience for the endoscopist. Even in the most 

experienced hands, cannulation of the appropriate 

duct may fail in 5-20% of the cases [16]. Luckily, there 

are methods that have been developed to increase the 

likelihood of biliary access using a variety of precut 

techniques [17] with success rates greater than 90%. 

The use of a needle-knife catheter [18] the papillary 

septotomy using a standard sphincterotome [19] and 

the use of a pancreatic duct stent [20] are some of the 

most common techniques facilitating difficult bile duct 

cannulation. Compared to other techniques, the di- 

sadvantage of using a needle-knife catheter is the in- 

creased occurrence of complications. 

17.3. BallOOn Sphincteroplasty 

Balloon sphincteroplasty was introduced in the mid 
90's as an alternative to sphincterotomy. The main 
advantage of balloon sphincteroplasty is the preserva- 

tion of the sphincter [21]. After a diagnostic ERCP is 
performed, a deflated high pressure hydrostatic bal- 

loon catheter is positioned across the papilla. The bal- 

loon (of 6 to 8mm diameter) is inflated with radiopa- 

que medium, until the "waist" corresponding with the 

biliary sphincter disappears on fluoroscopic monito- 

ring (fig. 17.6). Biliary sphincter dilation permits the 

removal of only small stones, while the extraction of 

larger stones requires a previous mechanical lithotripsy 

[21, 22]. It is worth mentioning that the long-term 

consequences of sphincteroplasty on sphincter's fun- 

ction are unclear at this time. 
The drawback of sphincteroplasty compared to 

sphincterotomy is the high rate of post-dilation pan- 

creatitis, associated with a significant mortality rate re- 

Fig. 17.6. 
a. Endoscopic view of a high pressure hydrostatic balloon catheter 
of 8mm in diameter, which has been placed and inflated across the 
biliary sphincter in order to perform a sphincteroplasty. 
b. Retrograde cholangiogram of a patient with liver cirrhosis sho- 
wing the same hydrostatic balloon dilation catheter fully inflated 
across the biliary sphincter. The patient's severe coagulation disor- 
ders did not permit the performance of a safe sphincterotomy for 
the management of his biliary microlithiasis. 
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ported [23]. However, Bergman et al [24] and others 

[25, 26] did not demonstrate an increased incidence of 

pancreatitis in patients undergoing sphincteroplasty. 

Sphincteroplasty could replace sphincterotomy in sele- 

cted patients, e.g. patients with coagulation disorders. 

At present, the general consensus is that sphinctero- 

plasty should be limited to study protocols until its 

risks are better defined. 

are used, depending on whether  lithotripsy is perfor- 

med on an emergency or an elective basis [2] (fig. 

17.11). Failure to extract the stone with a Dormia 

basket, in some cases, results in impaction in the bile 

duct of both the basket and the captured stone in it. In 

a situation like this, the "emergency"-type lithotripter, 

which consists of a flexible coil sleeve and a cranking 

17.4. Effectiveness and Technical Aspects 
of Endoscopic Stone Extraction 

After endoscopic sphincterotomy, 85% to 90% of CBD 

stones can be extracted with Dormia basket or balloon 

catheter [27] (fig. 17.7, 17.8, 17.9), while for sphincte- 

roplasty, a similar effectiveness has been reported for 

CBD stones measuring 8mm approximately [21, 23]. 

The Dormia basket provides better traction than the 

balloon catheter and is preferable for the removal of a 

large stone (>1 cm). The balloon catheter is advanta- 

geous for the extraction of small stones and sludge be- 

cause it occludes the bile duct lumen after inflation. In 

the case of multiple medium-size CBD stones, both 

devices are equally effective in their removal [2]. 

Stone impaction (fig. 17.10) represents the main 

reason for the failure of a CBD stone extraction. To 

avoid it, careful assessment of the sphincterotomy size 

is needed. Moreover, several technical tips help pre- 

vent stone impaction e.g. the usage of balloon catheter 

over a guide wire for multiple small stones extraction 

and use of dormia basket for larger stone removal is 

strongly recommended  [2]. 

17.4.1. Mechanical Lithotripsy 

Large stones (d > 1.5 cm), multiple and impacted sto- 

nes or those located proximal to a stricture have been 

called "difficult" stones because their extraction with- 

out fragmentation, sometimes is not possible. CBD sto- 

nes fragmentation can be achieved by mechanical or 

shock wave lithotripsy. Among them, mechanical li- 

thotripsy is the simplest and most cost effective me- 

thod. The success rate varies from 68% to 100% de- 

pending on the stone size. The most desirable result 

for mechanical lithotripsy can be achieved with stones 

of less than 3 cm diameter [28]. 

There are two types of mechanical lithotripters that 

Fig. 17.7. 
a. Retrograde cholangiogram of a patient with bile duct stones. 
b. The same patient after complete endoscopic removal of the bile 

duct stones. Note the balloon catheter for stone extraction, inflated 
at the distal end of the common bile duct. 
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Fig. 17.8. Serial retrograde cholangiogram demonstrating complete clearance of the biliary tree from multiple intra- and extrahepatic sto- 
nes, during two ERCP sessions. 
a, b. Clearance of the extrahepatic bile ducts from stones. A pig-tail plastic stent has temporarily been inserted into the common bile duct to 
protect from a further stone impaction at the distal common bile duct. 
c, d. Clearance of the intrahepatic biliary tree (left hepatic duct) from stones using basket and balloon catheters. 
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Fig. 17.10. Endoscopic view of a stone extraction. The stone was 
impacted at the main duodenal papilla. After a small sphincteroto- 
my, the stone automatically fell in the duodenal lumen. 

Fig. 17.9. 
a. Common bile duct stones demonstrated at ERCP with a Dormia 
basket inserted into the bile duct. A stone has been captured in the 
basket. 

b. Retrograde cholangiogram of the same patient showing comple- 
te bile duct clearance from stones, using a balloon catheter for sto- 
ne extraction. 

I ̧  ̧ ~ 

Fig. 17.11. Mechanical lithotripter with a flexible wire sheath con- 
taining a Dormia basket wire. 
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handle, is used. After the basket handle is cut-off with 

a pair of pliers, the endoscope is removed. The metal 

sleeve is inserted over the basket catheter until it 

comes in contact with the stone and together with the 

basket wires are attached to the lithotripter handle. 

After forceful traction on the basket wires the stone is 

usually fragmented against the lithotripter sleeve. So- 

metimes, the basket may fracture, rather than the sto- 

ne. Fortunately only in a few and rare cases, the basket 

Teflon sheath may slip back, leaving the basket wire 

uncovered. Subsequent traction may cause injury of 

the mucosa at pressure points, such as the papilla, ga- 

stric angularis fold or cardia [2]. The " elective "-type li- 

thotripter consists of a special crushing basket in a Te- 

flon sheath and an outer flexible metal sheath. When 

the need for lithotripsy is evident, the use of the "ele- 

ctive"-type lithotripter is preferable. It is used through 

the working channel of a duodenoscope and is suitable 

for intraductal mechanical lithotripsy. However, du- 

ring a forceful lithotripsy, the thinner metal sheath of 

the "elective"-type lithotripter could buckle and cause 

damage to the endoscope working channel. 

17.4.2.  I n t r a d u c t a l  and  E x t r a c o r p o r e a l ,  Shock 
Wave  L i t h o t r i p s y  

When mechanical lithotripsy fails, shock wave litho- 

tripsy could be useful for the effective fragmentation of 

CBD stones. Shock waves can be delivered within the 

bile duct (intraductal shock wave lithotripsy) or by an 
extracorporeal generator (extracorporeal shock wave 

lithotripsy). 
During intraductal shock wave lithotripsy, the shock 

waves are generated at the tip of a flexible lithotripsy 

probe using electrical (electrohydraulic lithotripsy) or 
light energy (laser lithotripsy) [29, 30]. The lithotripsy 
probe is inserted into the bile duct through the work- 

ing channel of a cholangioscope and fragmentation of 

the stone is achieved by delivering shock waves on the 

stone's surface, under cholangioscopic guidance. The 

success rate of this method is high (>90%) [31, 32]. 

Intraductal shock wave lithotripsy is a costly method 

and requires two endoscopists, experienced in using 

the mother-baby scope system. The major risk of this 

method is bile duct injury from a misdirected shock 

wave pulse. A novel laser device, with an automatic 

stone recognition system, has been reported to be safe 

and effective for CBD stones lithotripsy, under fluoro- 

scopic guidance [33]. 

Extracorporeal shock wave lithotripsy has also been 

used for the fragmentation of CBD stones [34]. How- 
ever, multiple sessions are usually needed for comple- 

te fragmentation of the CBD stones. Moreover, after 

lithotripsy, endoscopic clearance of the bile duct from 

stone fragments is mostly unavoidable. 

17.4.3.  C o m m o n  Bile Duct  S t e n t i n g  

for Dif f icul t  S tones  

In patients with difficult stones, temporary placement 
of a biliary stent, in order to maintain biliary drainage, 

is very useful in short term (fig. 17.8). Sometimes, the 

combination of stent placement and oral administra- 

tion of ursodeoxycholic acid may result in disintegra- 

tion of the CBD stones [35]. Nevertheless, the long- 

term stenting of the bile duct for choledocholithiasis is 

not recommended for the majority of this group of pa- 

tients, due to high morbidity and mortality rate, mainly 

from sepsis [36]. However, there is always a small per- 

centage of patients considered at high risk for surgical 

management and for whom judicious conservative 

management of the in situ gallbladder is justifiable. 

17.5. The Role of ERCP in Combined 

Choledocholithiasis and Cholelithiasis 

When patients present with the combined problem of 
symptomatic cholelithiasis and choledocholithiasis 
there are two questions to answer: (1) what is the best 
method for clearing the bile duct and [2] what should 

be done with the gallbladder? In the recent past se- 
veral options were considered in order to manage this 
problem, e.g., laparoscopic cholecystectomy with lapa- 

roscopic bile duct exploration; laparoscopic or open 

cholecystectomy followed by postoperative ERCP; pre- 

operative ERCP followed by cholecystectomy (laparo- 

scopic or open). 
Laparoscopic approach for all stones (bile duct and 

gallbladder), is an appealing single-stage method to 

manage the gallbladder and CBD lithiasis. Overall, the 

results of laparoscopic bile duct exploration in speciali- 

zed centers have been impressive, with reported suc- 

cess rates from 76% to 96%, complication rates from 
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8% to 17% and conversion to open choledochotomy 

from 4% to 10%. Approximately 5% of patients have 

retained stones after laparoscopic bile duct exploration 

[37-40]. While there is evidence that elective and 

emergent clearance of the bile duct by ERCP had ad- 

vantages over open bile duct exploration, the compa- 

rison of ERCP therapeutic approach with laparoscopic 

bile duct clearance is much more equivalent in the ele- 

ctive setting [40]. In practice, however, laparoscopic 

common bile duct exploration is time consuming, te- 

chnically demanding and is not always available as it is 

depending on local expertise. 

The role of ERCP in the management  of acute cal- 

culous bile duct disease in the presence of cholelithia- 

sis, still remains central and optimal worldwide. All 

CBD stones could be managed pre- or postoperatively 

by the endoscopist. However, this strict therapeutic 

strategy should be more flexible and should rely on an 

accurate selection of patients. Several investigators 

have evaluated the value of clinical, biochemical and 

sonographic indicators to predict the presence of CBD 

stones [41-44]. Only clinical jaundice and abnormal 

imaging have high sensitivity and specificity in select- 

ing patients for preoperative ERCP. Other clinical and 

anatomical criteria that favor preoperative endoscopic 

stone extraction are acute cholangitis or pancreatitis, 

stone size larger than 0.8 cm, stones located in the 

common hepatic duct, multiple stones and anomalous 

bile duct anatomy [2]. It is conceivable that the wide- 

spread use of MRCP, which has shown impressive re- 

suits [42], will lead to a more accurate preoperative 

selection of patients undergoing ERCP [45]. 

Following endoscopic bile duct clearance, the 

decision to leave the gallbladder in situ and follow the 

patient expectantly, compared with routine laparosco- 

pic cholecystectomy has been examined in several stu- 

dies in the past [40, 46-49]. Biliary events after endo- 

scopic duct clearance with gallbladder left in situ, in 

patients considered at high risk for open or laparosco- 

pic cholecystectomy, were quite frequent, sometimes 

clinically serious and most of them occurred within the 

first year of follow-up. Therefore the majority of pa- 

tients after successful endoscopic bile duct clearance 

should undergo laparoscopic cholecystectomy as early 

as possible in order to reduce the risk of further biliary 

events. However, in practice, there is always a small 

group of patients considered at high risk for surgical 

management.  In these patients, judicious conservative 

management  of the in situ gallbladder as well as sym- 

ptomatic treatment of subsequent biliary events, is ju- 

stifiable. 
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CURRENT CHANGES IN BILIARY REOPERATIONS 
FOR BENIGN LESIONS 

E.J. Papaevangelou, A. Papaevangelou-Nomikou 

18.1. Introduction 

Over the last decades and up-to-the present time, surgi- 

cal reapproach to the biliary tree for benign lesions re- 

main one of the main topics in surgery. Reoperations 

are necessary for: 

a. retained or recurrent stones in the biliary tree, 

b. stenosis at the level of sphincter of Oddi, 

c. malfunctioning previous bilio-digestive anastomoses, 

d. strictures and stenoses of the biliary tree - an entity 

which represents the most interesting point of bilia- 

ry reoperations, 

e. intrahepatic lithiasis, cystic duct syndrome etc. 

18.2. Retained or Recurrent Stones 

Retained or recurrent stones used to be the most com- 

mon reason for biliary reoperations [1]. Not any more! 

In 2002, Huttl et al presented a nationwide survey in 
Germany, with 8433 choledochotomies out of 98482 

cholecystectomies. This percentage of CBD explora- 

tions decreased continuously from 7.4% in 1991 to 3.8% 

in 1996 [2]. Currently, this percentage is closer to zero, 
due to the fact that interventional radiologists, gastro- 

enterologists and surgeons visit the common bile duct 

by means of endoscopic retrograde cholangiography 

(ERCP). 

Interventionists actually have a very large experien- 

ce in ERCP, consequently, they are assigned with the 

exploration of the common bile duct at present. 

The rate of common bile duct lithiasis has declined 

over the last decade. Overlooked and complicated 

cases have almost disappeared. 

As soon as early symptoms of cholelithiasis appear 

and diagnosis is confirmed patients promptly proceed 

to surgery. 

It is probable that lithiasis begins from the gallblad- 

der, with small stones immigrating from there to the 

CBD through the cystic duct. 

In recent years, laparoscopic "invasion" offers a bet- 

ter and safe approach to the extrahepatic biliary ducts, 

even in cases of acute cholecystitis. Laparoscopic sur- 

gery approaches the gallbladder, the cystic duct and 

the choledochus in a very clear way. The cystic duct is 

always dissected down to its convergence with the 

common bile duct, and offers two possibilities: 

a. to perform an intraoperative fluoroscopic cholangio- 

graphy in order to detect the condition of the biliary 

tree and find possible lithiasic elements within it [2], 

and 

b. to clear the CBD from stones, at a rate exceeding 

66%, according to Nathanson's experience across se- 

ven metropolitan hospitals in Australia [3]. 

Intraoperative cholangiography is not required in: 

a. cases with preoperative ERCP, 

b. severe cholangitis or pancreatitis, 

c. common bile duct of diameter less than 6 mm (with 

the exception of cases of microlithiasis). 

In this study, attention was focused on the decompres- 

sion drainage of the CBD, mainly in cases of edema- 

tous ampulla due to instrumentation or stone impa- 

ction. This policy minimizes complications that follo- 

wed conventional choledochotomy, bile leak, pancrea- 

titis and general morbidity [4]. 

Conversion from laparoscopic to open surgery-al-  
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though subject to extended difficulties- remains a strong 

weapon for biliary surgeons. According to Surer et al, 

the conversion rate is as high as 15% [5] and mainly in- 

volves cases of acute cholecystitis. Conversion to open 

surgery leads to prompt recognition, facilitating resto- 

ration, of the "surgical accident". This rate, mentioned 

by Suter, is actually very high for experienced laparo- 

scopic biliary surgeons, even in cases of elderly patients 

where acute cholecystitis increases the likelihood of 

conversion to open surgery and the probability of injury. 

Conversion grants immediate treatment success, as 

defined by "John Hopkins criteria". Roux en Y hepati- 

co-jejunostony, offers the best surgical choice [6]. 

In recent years laparoscopic cholecystectomy has 

been widely accepted, all over the world. It offers bet- 

ter approach to the gallbladder, even in cases with in- 

flammation, adhesions and fibrosis and leads to a bet- 

ter view of the Callot triangle. Open surgery, is no lon- 

ger first choice for biliary operations [7]. 

The diagnostic armamentarium increases the un- 

derstanding of the condition of the patient's biliary tract 

and includes B-mode ultrasonography, CT or MRI, in- 

traoperative cholangiography, micro-choledochoscopy 

and intraoperative ultrasonography. However, these 

methods have not been applied with intent to cure sin- 

ce postoperative endoscopic retrograde cholangiogra- 

phy (ERCP) can offer comprehensive knowledge of the 

condition of c.b.d and at the same time allows the re- 

moval of biliary stones [3]. Clinical and radiologic in- 

formation such as jaundice, pancreatitis, small gallblad- 

der stones, short or wide cystic duct and common bile 

duct dilatation is of great importance. Due to its sim- 

plicity and reliability micro-choledochoscopy is supe- 

rior to other methods in treating residual bile duct sto- 

nes. Two decades ago, retained or recurrent stones of 

the CBD were regarded as a significant problem in bi- 

liary reoperations. 

Today, this problem no longer exists since the com- 

mon bile duct is easily and effectively approached by 

ERCP. Retained stones? So what!! [3]. Choledocholi- 

thiasis false negative rate and retained or recurrent sto- 

nes cease to pose a problem in biliary surgery. This 

probably accounts for laparoscopic CBD exploration 

not being considered significant in German surgical 

practice [2]. This, in no way excludes laparoscopic cho- 

ledochotomy from being of major importance in the 

years to follow. 

18.3. Stenosis of the Sphincter of Oddi 

In recent years this disorder has virtually disappeared. 

Although there were many doubts about the existence 

of such a stenosis of the sphincter, it seems that some 

authors have recognized stenotic alterations with ana- 

tomopathological findings of connective tissue prolife- 

ration on the specimen taken out when sphincteroto- 

my with sphincterolpasty and wedge excision of a part 

of the sphincter was undertaken. 

So, stenosis of the sphincter of Oddi is considered 

to be due to: 

a. remaining calculi at the lower end of the CBD, 

b. bougies' dilatation of the sphincter in an effort to 

permit easy passage or stones from the CBD to the 

duodenum, 

c. impacted stones to the lower CBD, resulting in de- 

struction of the sphincteric mechanism, and 

d. traumatic local injuries of the sphincter during ERCP 

manipulations. 

Nowadays, few if any, surgeons worry about the situa- 

tion of the sphincter of Oddi. 

The used instruments, dilatators or bougies, chole- 

dochotomies and exploration of the CBD, overpass the 

sphincter without any special effort. 

18.4. Malfunctioning "Low" Bilio-Digestive 
Anastomoses 

Many of the biliary surgeons used to complete a chole- 

dochotomy and choledochal exploration by constru- 

cting a bilio-digestive anastomosis, namely choledo- 

cho-duodenal or choledocho-jejunal anastomosis. It is 

always necessary to establish a large anastomosis, ex- 

ceeding 1 cm, mainly when the common bile duct is 

quite large. 

Reoperations were imposed when anastomoses we- 

re not working satisfactorily: 

a. in cases of disfunction, without stenotic phenomena, 

b. in cases of stenosis that allows the retrograde passa- 

ge of the duodenal or jejunum contents into the com- 

mon bile duct, causing a mild or severe cholangitis 

which cannot be adequately explained. 
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Reoperations for malfunctioning bilio-digestive anasto- 

moses are not seen any more due to the fact that, this 

kind of anastomoses is not standard practice nowa- 

days. French studies refer to "anastomoses cholecho- 

duodenales basses" meaning sphincterotomies with 

those few extra stitches that follow spincteroplasties. 

18.5. Benign Strictures of the Biliary Tract 

This group of lesions constitutes the main reason for open 

surgery, one that is realistically difficult nowadays. In 

almost all cases, strictures are the result of traumatic in- 

juries of the common bile duct and its branches, du- 

ring cholecystectomies. Iatrogenic stenoses have various 

etiologies. Bismuth's classification, depending on the 

level and degree of stricture, is still generally accepted 

[8]. Patients present various signs and symptoms de- 

pending on the moment the lesion is detected. The 
treatment largely depends on such timing. Roux-en-Y 
bilio-digestive anastomosis, namely hepatico-jejunosto- 
my is the method of choice and should only be perfor- 

med by experienced and well trained surgeons. It is 

necessary to respect the following principles [9]: 

a. good exposure of the operating field, 

b. internal drainage of the intra-hepatic stenosis, 

c. radiological imaging of the situation of the biliary tree, 

d. meticulous mucosa to mucosa anastomosis in order 

to reduce the probability of a new anastomotic ste- 

nosis, 
e. trans-anastomotic stents are not necessary, 

f. a blind subcutaneous jejunal loop is, sometimes, re- 
commended and good enough to permit dilatation 
of the anastomosis, in cases of future stenosis. 

Preoperative transcutaneous insertions of stents, e.g. in 
cases of malignancy, are not recommended, because 
surgery follows detection of stenosis in almost all ca- 
ses. As already mentioned, bile duct injury with subse- 

quent biliary stenosis is always iatrogenic and is 0.1 to 

0.5% among biliary operations [10-13]. Roslyn found 

0.2% of bile duct injuries, among 42472 biliary opera- 
tions in U.S. 

Our personal experience includes 148 cases of bi- 

liary reoperations among 4110 biliary operations (3.6%). 

14 reoperations were performed for iatrogenic biliary 

stenoses with formation of Roux en Y bilio-digestive 

anastomosis. Injuries of bile ducts occured often du- 

ring the first years of laparoscopic surgery, but expe- 

rience led to a significant decrease in the rate of inju- 

ries making it unquestionably safer today [10]. 

Decision for reoperation follows the efforts of in- 

tervensionists, like transhepatic image guided or endo- 

scopic balloon dilatation, and application of intrabilia- 

ry stents. 

18.6. Reoperations for "Postcholecystectomy 
Syndrome" 

This entity describes the presence of symptoms after 

cholecystectomy. Cases for biliary reoperations com- 

prise: residual or reformed gallbladder stump choleli- 

thiasis, neuroma of the cystic duct, hepatolithiasis, cho- 

ledocholithiasis, sclerosing cholangitis, strictures, trau- 

ma, dyskinesia, fistula, oddi stricture, pancreatic stone, 

chronic pancreatitis, retained gallbladder pouch, suture 
granulomas and cystic duct mucocele [14]. 

Surgical therapy should be directed at the specific 

cause. Some patients who present with no identifiable 

etiology and an unyielding exploration may respond to 

shpincteroplasty to both bile and pancreatic ducts. If 

after complete evaluation (including ERCP and shpin- 

cterotomy), a patient has incapacitating right upper 

quadrant pain, the treatment of choice is transduode- 

nal shincteroplasty and septoplasty providing the head 

of the pancreas is not hard and fibrotic, in which case 

choledochoduodenostomy may prove valuable [ 14]. 
. .  

18.7. Reoperations for Cases with "Cystic Duct 
Syndrome" 

Though rare, this is a well-known entity that refers to a 
long cystic duct stump containing stones after previous 
cholecystectomy. Patients suffer from hepatic colics. 

Open or laparoscopic surgery involves removing the 

portion of the cystic duct left behind. 

18.8. Conclusion 

So, what is left today to be included in biliary reopera- 

tions? 
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a. Iatrogenic lesions to the main biliary duct and its 

branches, such as parietal traumatic lesions with bile 

leak, occlusion due to ligatures, transection of biliary 

ducts, clips to stop hemorrhage  and involving parts 

o f  the biliary tree, 

b. recurrent  or retained stones where  ERCP fails to 

evacuate the c o m m o n  bile duct after two consecuti- 

ve efforts, 

c. reoperat ions concerning the lower part of the CBD 

and mainly the Oddi 's  Sphincter, 

d. malfunctioning bilio-digestive anastomoses with cho- 

langitis. 

Current changes of biliary reoperat ions today include 

reoperat ions following injuries of the biliary tree. All 

other reasons have disappeared.  

Laparoscopic surgery resulted in an easier cholecy- 

stectomy, with a bet ter  approach to the extrahepatic 

biliary ducts, respecting the c o m m o n  bile duct and its 

branches and recognizing abnormali t ies of the biliary 

tree or potential  surgical "accidents", immedia te ly  du- 

ring the initial surgery. 

ERCP considerably changed the surgical practice of 

the c o m m o n  bile duct, by permit t ing easy and effecti- 

ve entrance and at the same time, the removal of stones. 
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OTHER BENIGN BILIARY 
DISEASES AND LESIONS 

G. Sgourakis, Th. Mitellas, Con. Ch. Karaliotas 

19.1. Mirizzi's Syndrome 

Mirizzi's syndrome is a rare entity that causes extrahe- 

patic biliary strictures and occasionally an apparent 
tumor at the liver hilum associated with cholelithiasis, 

a condition that occurs in no more than 0.5% of chole- 

cystectomies [1]. An impacted calculus in the gallblad- 

der ampulla or in the cystic duct may cause direct 

pressure or edema (type I), or sporadically may erode 

through the wall of the cystic duct and into the com- 

mon hepatic duct (type II) resulting in a colecystochole- 

dochal fistula and causing in this way the obstruction of 
the common hepatic duct [2]. A cystic duct remnant cal- 
culus causing Mirizzi's syndrome is exceedingly rare [3]. 

Abnormal liver function tests and occasionally jaun- 

dice (produced by both extrinsic compression and in- 

trinsic calculus obstruction) may give some evidence 

which differentiates patients from those suffering from 

acute cholecystitis, but patients may also present with 

sepsis or an empyema of the gallbladder and this may 

lead the surgeon to diagnose Mirizzi's syndrome as 
cancer. Seldom is the diagnosis made at the time of 
cholecystectomy. 

Ultrasonography discloses dilatation of the proxi- 
mal biliary tree including the common hepatic duct 
above the bladder neck and an abrupt change of the 
caliber of the common hepatic duct or a decompressed 
gallbladder with stones involving the common hepatic 

duct. This latter finding is highly suggestive of the exi- 

stence of the syndrome. ERCP discloses a cicatricial 

stenosis of the common hepatic duct beyond the dila- 

tation of the proximal biliary tree and may disclose a 

fistula between the gallbladder and the common hepa- 

tic duct (type II). It further permits endoscopic stent 

placement for jaundice relief. PTC is considered by 

some authors the radiologic method of choice for the 
preoperative diagnosis as it will clearly delineate the 

obstruction, the stone and the presence of a fistula. 

The diagnostic workup points toward exclusion of 

the diagnosis of bile duct or gallbladder cancer, how- 

ever both conditions may coexist. Mirizzi's syndrome 

should be included among the few benign disorders 

which can yield high elevations in the CA19-9 [4]. A 

smooth, lessening stricture is more suggestive of a be- 

nign pathology. On the contrary a prominent mass or 

lymphadenopathy would be more in accordance with 

cancer. CT scanning and laparoscopic ultrasound may 

be of assistance [5-7] in outlining the stricture, ruling 
out tumor dissemination and defining vascular inva- 

sion. The typical CT features are dilatation of the bilia- 

ry tree above the neck of the gallbladder with a normal 

tree below. Visualization of the cystic duct joining the 

common hepatic duct may disclose an impacted stone 

in the cystic duct or in the gallbladder neck. A targeted 

biopsy may substantiate a malignant diagnosis. 

Percutaneous treatment of the Mirizzi's syndrome 
with electrohydraulic lithotripsy (EHL)under  cholan- 
gioscopic control and endoscopically with EHL or via 
laser shock-wave lithotripsy, under cholangioscopic 
guidance has been described in case reports [8]. 

Laparoscopic cholec)stectomy has been conveyed 

for type I Mirizzi's syndrome [9, 10], The regular me- 
thodology for type I Mirizal's syndrome i~ to perform 

an open cholecystectomy in order to permit sufficient 

assessment of the related stricture. Intraoperative 

cholangiography (IOC) should be carried out (fig. 19.1, 

-19.2, 19.3), and in those patients with unrelenting stri- 

ctures a hepatico-jejunostomy should be executed. For 

type II Mirizzi's syndrome patients the optimal approach 

is cholecystectomy and hepatico-jejunostomy [2] while 
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Fig. 19.1. IOC: Pressure on common bile duct. Mirizzi syndrome. Fig. 19.3. IOC: Erosion of common hepatic duct, Mirizzi syndrome 
Type II. 

common bile duct rebuilding using Hartmann's pouch 
grafts and T-tube insertion have been described. Pa- 
tients with fistula sizes of less than one-third of the 
common bile duct diameter undergo choledochoplasty 
with 5 mm cuff of the gallbladder, and patients with fi- 
stula sizes between one-third and two-thirds of the 
diameter of the common bile duct undergo choledo- 
choplasty with 10 mm cuff of the gallbladder. Patients 
with fistula sizes of more than two-thirds of the com- 

mon bile duct diameter undergo Roux-en-Y hepatico- 

jejunostomy [11]. Long-term results of this pioneering 

advancement are expected. 

Fig. 19.2. IOC: Pressure on common bile duct. Mirizzi syndrome. 

19.2. Functional Disorders of the Biliary Tract 

Sphincter of Oddi dysfunction emerges in less than 1% 

of patients after cholecystectomy and in 14% of patients 

argumentative of postcholecystectomy symptoms [12]. 
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Sphincter of Oddi dysfunction can engage abnormali- 

ties in the biliary sphincter, pancreatic sphincter, or both. 

19.2.1. Gallbladder Dysfunction 

The principal symptom of gallbladder dysfunction is 
pain of biliary type. At present, the only objective fea- 
ture is diminished gallbladder emptying. Biliary pain 
in the absence of gallstones is approximately to 2.4%, 

as stated in a ultrasonographic study [13]. Modified Ro- 

me diagnostic criteria concerning specification of the 

duration, number of episodes of pain, and the time wi- 

thin which they occur and of the established functional 

abnormality are applied for documentation of gallblad- 

der dysfunction [ 14]. 

A conservative regimen consists of altering gallblad- 

der motility by use of motility agents or ursodeoxycho- 
lic acid which deteriorates motor function or redu- 
ction of pain and inflammation with non-steroidal anti- 

inflammatory drugs. The diagnostic algorithm includes 

the following steps: Abnormal gallbladder emptying 

(<40% ejection) in CCK-cholescintigraphy imp!ies gall- 
bladder dysfunction. In the case of normal emptying, 

microscopic examination of bile to detect cholesterol 

crystals and bilirubinate, magnetic resonance cholan- 

giography, ERCP or endoscopic ultrasound to establish 
the diagnosis of lithiasis should be the next step. If the- 
re is not an apparent reason for diminished emptying, 
cholecystectomy is suggested. Absence of common bi- 
le duct stones or other significant pathology prompts 

for sphincter of Oddi's manometry which will disclose 
patients as potential candidates for sphincterotomy. 

19.2.2. Sphincter of Oddi Dysfunction 

Sphincter of Oddi dysfunction may effect either biliary 
or pancreatic disorders and has been more frequently 
described following cholecystectomy for assumed gall- 
bladder pain. Up to 90% of patients with idiopathic re- 
current pancreatitis demonstrate a spectrum of sphin- 
cter of Oddi manometric disorders (increased basal 
pressure, increased amplitude and frequency of phasic 

waves, a paradoxical response to CCK and an increa- 

sed number of retrograde waves) and it is stated that 

motility disorders of the sphincter of Oddi may be as- 

sociated with episodes of pancreatitis [15]. Postchole- 

cystectomy patients with biliary-type sphincter of Od- 

di dysfunction have been classified in three types [16]: 

• Type I patients with a history of pain, elevated liver 

function tests, delayed contrast emptying, and a 

common bile duct diameter >12 mm at ERCP. 
• Type II patients present with a history of pain and 

only one or two of the above mentioned findings 

(fig. 19.4). 
• Type III patients with a history of only recurrent bi- 

liary-type pain and none of the above findings. 

The prevalence of sphincter of Oddi dysfunction 

varies among groups, being maximum in type I (65- 

95%), moderate in type II (50-63%) and least in type 
III (12-28%). In opposition, the probability that biliary 
pain is apparent as a manifestation of the syndrome of 

chronic functional abdominal pain is higher in type III 

patients and lower in type I [14]. 
Diagnostic work up includes all the modalities in 

the biliopancretic field and diagnosis is established by 
exclusion of other causes of abdominal pain. There is 
usually delayed drainage of contrast at ERCP, in the first 

two types of sphincter of Oddi dysfunction and mano- 
metry should be set aside for those patients in whom 
the diagnosis remains unclear. 

Hormones such as CCK and glucagon, calcium chan- 
nel blockers, nitrates, octreotide and botulinum toxin 
have been used in the terms of conservative treatment 
but long-term results are unspecified [17-20]. Sphincte- 
rotomy for sphincter of Oddi dysfunction seems effe- 
ctual in those patients with an elevated sphincter of 
Oddi basal pressure (>40 mmHg), but is not superior 

Fig. 19.4. IOC: Sphincter of Oddi dysfunction Type II. Simultaneous 
retrograde pancreatography. 
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to placebo therapy in those patients with a normal ba- 
sal pressure. [21] Surgical sphincterotomy is indicated 
in cases of endoscopic sphincterotomy failure. Sphin- 
cter of Oddi stenosis should also be treated by endo- 
scopic sphincterotomy. 

19.2.3. Pancrea t i c -Type  Sphinc ter  of Oddi  
Dysfunc t ion  

There is a more apparent form (approximating Bjliary- 
type I sphincter of Oddi dysfunction) of pancreatic-ty- 
pe sphincter of Oddi dysfunction that may exhibit clas- 
sic pancreatitis presentation with epigastric pain, which 
frequently radiates to the back, and elevated serum 
amylase. In its less noticeable form (approximating Bi- 
liary-type III sphincter of Oddi dysfunction), the pain 
is as described above but there is no abnormality in 
pancreatic enzymes. Total division of the sphincter 
through open transduodenal or endoscopic approach 
by means of sphincteroplasty and septectomy is a high 
yielding treatment [22]. 

19.3. ACalCulOuS Cholecystitis 

Acute inflammation of the gallbladder can arise in the 
absence of gallstones. Aetiology varies among several 
disease entities: 1) diminished motility and deprivation 
of food intake in cases of trauma, burns, total parenteral 
nutrition, surgery, anesthesia and drug addiction, 2) les- 
sening blood flow of the cystic artery in congestive heart 
failure, coronary artery bypass surgery, arteriosclerosis, 
polyarteritis nodosa, systemic lupus erythematosus, dia- 
betes, shock, cryoglobulinemic vasculitis, antiphospho- 
lipid antibody syndrome, Churg-Strauss syndrome and 
X-linked hyper-immunoglobulin M syndrome 3) block- 
age of the cystic duct by extrinsic inflammation, meta- 
stases, lymphadenopathy and 4) infection in cases of 
salmonella, cholera, Kawasaki syndrome, hepatitis A vi- 
rus, plasmodium falciparum, dengue virus, varicella-zo- 
ster virus, cytomegalovirus or cryptosporidia in AIDS, 
candida, leptospirosis and scrub typhus infections. 

Gallbladder distention with bile stagnation and is- 
chemia, coagulation factors and prostaglandins may al- 
so have roles in the disease process. Histology reveals 
serosal and muscular edema, with erratic thrombosis 
of venules and arterioles [23]. 

Clinical presentation is identical to that of acute cho- 

lecystitis, should the patient be alert but the prevailing 
clinical manifestation is driven by the patient's under- 
lying critical condition. Fever, leucocytosis and abnor- 
mal values of alkaline phosphatase and bilirubin prompt 
for investigations in the unconscious patient. 

Ultrasonography is the usual modality of choice that 
visualizes the distended wall-thickened gallbladder, 

echogenic sludge, pericholecystic fluid, and a potential 

abscess formation. CT scan shows a similar sensitivity. 
Serial images from a Tc-99m-IDA scan show normal 
hepatic uptake of radiotracer with normal visualization 

of common duct and bowel but the gallbladder is not 
visualized. Intervention in acalculous cholecystitis is 
imperative. Percutaneous ultrasound or CT-guided or 
open cholecystostomy is performed on critically ill pa- 
tients for both diagnostic and therapeutic reasons with 
great success and, should this be possible, cholecystec- 
tomy is performed after the patient has recuperated 
from the underlying critical pathology. 

19.4. Biliary Intrahepatic and Common Bile 
Duct Cysts in Adults 

Biliary cysts consist of cystic dilatations of the extrahe- 
patic and or intrahepatic biliary tree.Women are affe- 
cted three to eight times more often than men. Appro- 
ximately 50% of the patients become adults by the ti- 
me diagnosis is established. 

The pathogenesis of choledochal cysts is mostly at- 
tributed to a congenital etiology or a congenital predis- 
position. An anomalous junction of the common bile 
duct with the pancreatic duct has been stated as the 
causative factor in 90% of patients according to the stu- 
dy of Miyano and Yamataka [24]. An anomalous pan- 
creatobiliary junction is regarded as the insertion of 
the pancreatic duct to the common bile duct 1 cm or 
more proximal to the point where the common bile 

duct reaches the ampulla of Vater. Inflammation and 
weakening of the biliary walls ensues after activation 

of the pancreatic proenzymes in the alkaline environ- 
ment to which pancreatic secretions and enzymes re- 
flux. Defects of the developing bile ducts during orga- 

nogenesis have also been incriminated. 
Choledochal cysts are lined with cuboidal, epithelium 

and are classified into five types as firstly described by 
Alonso-Lej and lately refined by Todani in 1977 [25]. 
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Fig. 19.S. Endoscopic View of choledochal cyst Type III. 

Fig. 19.6. Caroli's disease and CBD lithiasis. Arrowheads depict in- 
trahepatic cystic dilatations. 

Type I: cysts consisting the 80-90% of the cases are 

saccular or fusiform dilatations of the entire common 
hepatic and common bile ducts or a part of each. Type 

II: diverticula or protrusions impelled from the com- 

mon bile duct wall connected to the common bile duct 

by a slender pedicle. Type III or choledochocele: cysts 

in the intraduodenal portion of the common bile duct 

(fig. 19.5). Type IVA/B: numerous dilatations of the in- 

trahepatic and extrahepatic biliary tract (IVA) multiple 

dilatations only in the extrahepatic biliary tract (IVB). 

Type V or Caroli disease: multiple dilatations of the in- 

trahepatic biliary dactules in both hepatic lobes with in 

between strictures, stones, obstruction and predispo- 

sition for cholangitis. The left liver lobe is most preva- 

lently affected in case of unilobar presentation (fig. 

19.6). 
The most usual clinical manifestation in adults is va- 

gue epigastric or right upper quadrant abdominal pain. 

A percentage of 10-20% of adult patients are admitted 

with abdominal pain, jaundice and a palpable right up- 

per quadrant abdominal mass. Bile duct stone forma- 

tion, hepatic abscesses, pancreatitis, cirrhosis and por- 

tal hypertension may ensue in the long run, due to en- 

during biliary obstruction and recurrent cholangitis. 

Ultrasonography is the initial imaging modality in 

patients with choledochal cysts. A cystic extrahepatic 

mass is depicted and occasionally, the specific type of 

cyst may be recognized. Ultrasound may also disclose 

concurrent pathology as common bile duct stones, di- 
latation of intrahepatic biliary tree, and thrombosis of 

the portal vein, biliary neoplasms and hepatic abscess. 

A complementary study is regularly needed in order to 

to assess the biliary anatomy and to plan the appropria- 
te surgical treatment. CT is highly accurate and also 
contributes to surgical planning. A dilated cystic mass 
with clearly delineated walls is typically demonstrated 

(fig. 19.7). 
A water-like attenuation is produced by the contai- 

ned bile. A thickened cyst wall implies that several epi- 
sodes of cholangitis have occurred. CT cholangiogra- 

phy has been reported recently but this modality has 

yet to be evaluated. False-positive and false-negative 

results are rare. ERCP enlightens the course of pancrea- 

tic duct and the distal extent of the choledochal cyst 

additionally to the information yielded, concerning the 

epithelium of the cyst and the presence of related tu- 

mors or strictures (fig._19.8, 19.9). MRI and MRCP pro- 
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Fig. 19.7. CT scan. Common bile duct cyst. Type I. Fig. 19.10. a. MRCP. Common bile duct cyst. Type II. 

Fig. 19.8. ERCP. Common bile duct cyst. Type II. 
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Fig. 19.10. b. MRCP. CBD cyst. Type II. 

Fig. 19.9. ERCP. Common bile duct cyst. Type I. 

duce remarkably strong signals on T2-weighted images 

(fig. 19.10a, 19.10b). The diagnostic accuracy is bet- 

ween 82-100%. Anomalies of the pancreatic duct and 

the long common channel are clearly well visualized. 

Kim et al found that MRCP and ERCP share the same 

overall diagnostic accuracy [26]. The differential diag- 

nosis between choledochal cyst, pancreatic pseudocyst 
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and other cystic pancreatic lesions may be difficult by 

MRI alone. Small gallbladder neoplasms may elude the 
diagnosis. Hepatobiliary scintigraphy can assure fairly 
good accuracy but it should be complemented by 

other modalities. 
Development of cholangiocarcinoma in the context 

of the presence of a choledochal cyst is approximately 

15% in adults, and complete excision of the cyst is obli- 

gatory. An increased risk for development of cholan- 

giocarcinoma, persists even after total excision of the 

cyst. 
Total excision of the cyst and a Roux-en-Y biliary- 

enteric anastomosis is performed in type I cysts. Type 

II cysts are completely excised, with a primary closure 
of the common bile duct over a T-tube (fig. 19.11 and 

19.12). Endoscopic intervention and sphincterotomy is 

reserved for those choledochoceles < 3 cm in diameter 

while larger ones frequently related with partial duo- 

denal obstruction are excised by a transduodenal 

approach with reimplantation of the pancreatic duct 

into the duodenum should its insertion be found 

within the cyst. In type IV disease the dilatated extra- 
hepatic duct is entirely removed, and a Roux-en-Y 
biliary-enteric anastomosis is performed. Interventional 
radiology plays a major role in cases of IVB disease 
where ductal strictures, hepatolithiasis, or abscesses 

are evident. Resection should be considered when the 
location of the cysts is restricted to specific hepatic 

segments or a hepatic lobe. For types I, II, and IV cho- 

lecystectomy is also performed. Lobectomy is the treat- 

ment of choice in unilobar extension of Caroli disease. 

Liver transplantation should be considered in patients 

with bilobar disease and concurrent biliary cirrhosis or 
portal hypertension. Kaneko et al [27] proposed exter- 
nal biliary drainage in patients presenting with prolon- 
ged abdominal pain, jaundice, and vomiting caused by 
protein plugs or proteinaceous debris to relieve the 
signs and symptoms. 

19.5. Biliary Strictures Mimicking Malignancy 

Benign biliary pathology thought to be malignant is re- 

peatedly found in resected specimens of the pancreatic 
head. Some of these disease entities are reported be- 
low. 

Fig. 19.11. CBD cyst of type I. 

Fig. 19.12. CBD cyst of type I. 

19.5.1. Autoimmune or Lymphoplasmacytic 
Sclerosing Pancreatitis 

Autoimmune pancreatitis (AIP) or lymphoplasmacytic 

sclerosing pancreatitis is an infrequent variety of chro- 
nic pancreatitis depicted by discontinuous bouts of ab- 
dominal pain associated with pancreatic ductal narro- 
wing and parenchymal edema on CT scan and occasio- 
nal intra-pancreatic biliary stenosis or coexistence of 
biliary lesions (sclerosing cholangitis similar to prima- 
ry sclerosing cholangitis) on endoscopic retrograde 
cholangiopancreatographic (ERCP) images. Abraham 

et al [28] documented 11 out of 442 Whipple rese- 
ctions that had been performed for a clinical suspicion 

of malignancy that proved to be finally lymphoplasma- 

cytic sclerosing pancreatitis cases. A percentage of 2.5- 
5% of all pancreaticoduodenectomies for suspected pan- 
creatic adenocarcinoma are performed in the setting of 
AlP and a proportion of these patients will result to 
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either biliary anastomotic strictures or intrahepatic stri- 

ctures following resection. 

Lymphoplasmacytic infiltration is repeatedly present 

in peripancreatic retroperitoneal tissue, extrahepatic 

bile duct, gallbladder, liver, gastric mucosa, salivary gland 

and lymph nodes [29, 30]. 

Autoimmune pancreatitis is related to other autoim- 

mune entities such as Sjogren's syndrome, Riedel's thy- 

roiditis, tubulointerstitial nephritis, retroperitoneal fi- 

brosis, sarcoidosis, ulcerative colitis, primary sclero- 

sing cholangitis, rheumatoid arthritis and type 1 diabe- 

tes mellitus [31]. 

The Japan Pancreas Society has proposed the follo- 

wing diagnostic criteria for the diagnosis of AlP: diffu- 

se main pancreatic ductal narrowing and irregular walls 

involving at least 1/3 of its length and diffuse paren- 

chymal edema, elevated levels of serum IgG4 or the 

presence of autoantibodies (ANA, ALF, ACA-II and 

Reumatoid factor) and/or demonstration of fibrotic 

changes with lymphocytic and plasma cell infiltration 

of the pancreas on histological examination [32]. 

The histologic features characteristic of AlP are dif- 

fuse fibroinflammatory infiltrates that can involve both 

the pancreatic ducts and acinar parenchyma with den- 

se periductal inflammation rich in lymphocytes and 

plasma cell's, ductal epithelial damage, focally dense fi- 

brosis, and perivascular inflammatory cell aggregates 

(periphlebitis) [33]. 
The diagnostic work up of patients with diffuse 

pancreatic swelling on CT should also encompass the 
measurement of serum IgG4 (the cutoff value of 135 
mg/dL was found by Hamano et al to be 95% sensitive 
and 97% specific for the differential diagnosis of AlP 
versus pancreatic cancer [34]). An ERCP should also be 

directed to weigh up for the presence of a sclerosing 
pattern and lymphoplasmacytic infiltration with be- 

nign pancreatic ductal epithelium on fine needle aspi- 

ration. An absolute symptomatic and radiographic re- 

solution often results following a 4 weeks of glucocor- 

ticoid regimen [35]. 

19.5.2. Inflammatory Pseudotumor 

Inflammatory pseudotumour emulates malignancy of 

the bile ducts and hilar strictures accounting for 8% of 

cases in patients undergoing surgery for presumed ma- 

lignant hilar obstruction [36]. Cholangiography is highly 

reminiscent of a malignant stricture. Some patients with 

a benign disease of this kind are liable to inappropriate 

treatment, unless they are subjected to curative rese- 

ction. Steroids have been successfully applied for treat- 

ment. 

19.6. HIV Cholangiopathy 
(AIDS Cholangiopathy) 

HIV cholangiopathy is a secondary sclerosing cholan- 

gitis that develops in severely immunosupressed patients 

which develop a wide variety of cholangiographic alte- 

rations, associated with an assortment of clinical sym- 

ptoms. As stated by Cello et al 45% of patients with 

AIDS and lasting diarrhea were found to have cholan- 

giographic changes regardless of the absence of biliary 

symptoms [37]. 
The disease is presumably associated with infections 

of the entire biliary tree by opportunistic organisms. 

As stated by Benhamou et al [38] as high as 23% of pa- 
tients with HIV cholangiopathy were contaminated by 

both Cytomegalovirus and Cryptosporidium. 
Mycobacterium avium intracellulare, C. albicans, 

microsporidia, herpes simplex virus, Cyclospora, Isos- 

pora, Cryptococcus and giardiasis have also been incri- 

minated [39]. In about 50% of cases the offending pa- 

thogen is not identified while of a better yield is the 

sampling of bile along with the biopsy of the papilla 

and duodenum at ERCP. 
Symptomatic patients may manifest epigastric or 

right upper quadrant abdominal pain radiating to the 
back, fever, nausea, vomiting. The serum alkaline phos- 
phatase level may be elevated up to six times the nor- 
mal value. The serum bilirubin may be elevated to so- 
me extent. The serum aspartate transaminase and ala- 

nine transaminase levels may be elevated up to two to 
three times the normal value. The rise in liver function 

tests may also be attributed in drug interactions or viral 

hepatitis. The CD4 lymphocyte count is commonly less 
than 100/mm 3 [40], while values exceeding 200/mm 3 

are exclusive of HIV cholangiopathy. 
HIV cholangiopathy comprises several pathologic 

entities such as secondary sclerosing cholangitis, papil- 

lary stenosis, and extrahepatic biliary strictures [41]. 

Ultrasonography has a sensitivity of 75% and depicts 

dilation of the intrahepatic ducts and the common bile 
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duct, th ickening of  the c o m m o n  bile duct and disten- 

t ion and wall th ickening  of the gal lbladder .  

Cello et al [37] has clearly i l lustrated the cholangio-  

graphic  ERCP findings, compr i s ing  of papil lary stenosis 

alone in 28% of pat ients  and along with  intrahepat ic  

changes  of sclerosing cholangit is  in 49%, sclerosing 

cholangit is  a lone in 12%, and a long ext rahepat ic  stri- 

cture in 10%. Other  authori t ies  repor t  that 53% of pa- 

tients have pancreat ic  ductal changes  al though there  is 

no impact  in respect  to risk factors for acute or chronic  

pancreati t is .  

Endoscopic  sph inc te ro tomy efficiently rel ieves pain 

wi th in  approx imate ly  12 months  in pat ients  wi th  papil- 

lary stenosis wi th  or wi thout  intrahepat ic  ductal disea- 

se a l though the abnormal  liver function tests c o m m o n -  

ly r emain  so. Biliary strictures may  r e spond  to sten- 

ring, but surgery is of a low yield since the cumulat ive  

one-year  survival for HIV cholangiopa thy  is approxi-  

mate ly  40% [42]. Medical  t r ea tment  d i r ec ted  at a speci- 

fic o rgan i sm does  not increase the l ike l ihood of a suc- 

cessful ou tcome.  

References 

[1] Johnson LW, Sehon JK, Lee WC et al. Mirizzi's syndrome: 
experience from a multi-institutional review. Am Surg 
2001; 67:11-14. 

[2] Thomson N.J.B, Garden O.J. Benign billiary tract diseases. 

Hepatobilliary and pancreatic surgery. Elsevier Saunders 
2005. 

[3] Simon J, Berry L, Dijkstra B Management of post cholecy- 

stectomy Mirizzi's syndrome. J Min Access Surg 2005; 1; 
134-36. 

[4] Turtel PS, Kreel I, Israel J, Frager D, Berman D. Elevated 
CA19-9 in a case of Mirizzi's syndrome. Am J Gastroente- 

rol. 1992 Mar; 87 (3):355-7. 
[5] Callery MP, Strasberg SM, Doherty GM et al. Staging lapa- 

roscopy with laparoscopic ultra-sonography: optimizing 
resectability in hepatobiliary and pancreatic malignancy. J 
Am Coll Surg 1997; 185:33-9. 

[6] Baer HU, Matthews JB, Schweizer WP et al. Management of 

the Mirizzi syndrome and the surgical implications of 

cholecystocholedochal fistula. BrJ Surg 1990; 77:743-5. 

[7] Garden OJ, Paterson-Brown S. The gallbladder and bile 

ducts. In: Garden OJ (ed.) Intraoperative and laparoscopic 

ultrasonography. Oxford: Blackwell Science, 1995; pp. 17- 

43. 
[8] Kenneth F. Binmoeller, Frank Thonke, Nib Soehendra. En- 

doscopic treatment of Mirizzi's syndrome. Gastrointestinal 

Endoscopy. 

[9] G. Gomez. Mirizzi Syndrome. Current Treatment Options 

in Gastroenterology 2002, 5:95-99. 

[10] Binnie NR, Nixon SJ, Palmer KR. Mirizzi syndrome mana- 

ged by endoscopic stenting and laparoscopic cholecyste- 

ctomy. Br J Surg 1992; 79:647. 
[11] Shah OJ, Dar MA, Wani MA et al. Management of Mirizzi 

syndrome: a new surgical approach. Aust NZ J Surg 2001; 

71:423-7. 

[12] Bar-Meir S, Halpern Z, Barden E, et al. Frequency of papil- 

lary dysfunction among cholecystectomized patients. He- 

patology 1984; 4:328-330. 

[13] Toouli J, Roberts-Thomson IC, Dent J, Lee J. Sphincter of 

Oddi motility disorders in patients with idiopathic recur- 

rent pancreatitis. BrJ Surg. 1985 Nov; 72 (11):859-63. 
[14] Barbara L, Sama C, Morselli Labate AM, et al. A population 

study on the prevalence of gallstone disease: the Sirmione 

Study. Hepatology 1987; 7:913-917. 
[15] E Corazziari, E A Shaffer, W J Hogan, S Sherman, J Toouli 

Functional disorders of the biliary tract and pancreas. Gut 

1999; 45 (Suppl 2): II48-II54 (September). 

[16] Geenen JE, Hogan WJ, Dodds wJ, et al. The efficacy of en- 

doscopic sphincterotomy after cholecystectomy in patients 

with sphincter of Oddi dysfunction. N Engl J Med 1989; 

320:82-87 

[17] Kovacs F, Gyokeres T, Elek G, Pap A. Sphincter of Oddi 

dysfunction - prolonged medical therapy or early endosco- 

pic sphincter ablation Orv Hetil. 2002 Dec 22; 143 (51): 

2829-34. 

[18] Craig A, Toouli J. Sphincter of Oddi dysfunction: is there a 

role for medical therapy? Curr Gastroenterol Rep. 2002 
Apt; 4 (2): 172-6. 

[19] Fazel A, Li SC, Burton FR.Octreotide relaxes the hyperten- 

sive sphincter of Oddi: pathophysiological and therapeutic 

implications. Am J Gastroenterol. 2002 Mar; 97 (3):612-6. 
[20] Hoogerwerf WA, Pasricha PJ.Botulinum toxin for spastic 

gastrointestinal disorders. Baillieres Best Pract Res Clin Ga- 

stroenterol. 1999 Apr; 13 (1): 131-43. 
[21] Craig AG, Toouli J. Sphincterotomy for biliary sphincter of 

Oddi dysfunction. Cochrane Database Syst Rev. 2001; (3): 
CD001509. 

[22] Toouli J, Di Francesco V, Saccone G, et al. Division of the 

sphincter of Oddi for treatment of dysfunction associated 

with recurrent pancreatitis. Br J Surg 1996; 83:1205-1210. 

[23] Ryu JK, Ryu KH, Kim KH: Clinical features of acute acalcu- 

lous chole-cystitis. J Clin Gastroenterol 2003; 36:166. 

[24] Miyano T, Yamataka A: Choledochal cysts. Curr Opin Pe- 

diatr 1997 Jun; 9 (3):283-8. 

[25] Todani T, Watanabe Y, Narusue M, et al: Congenital bile 

duct cysts: Classification, operative procedures, and review 



252 Chapter 19: Other Benign Biliary Diseases and Lesions 

of thirty-seven cases including cancer arising from chole- 

dochal cyst. Am J Surg 1977 Aug; 134 (2):263-9. 

[26] Kim SH, Lim JH, Yoon HK, et al: Choledochal cyst: compa- 

rison of MR and conventional cholangiography. Clin Radiol 

2000 May; 55 (5):378-83. 

[27] Kaneko K, Ando H, Ito T, et al.: Protein plugs cause sym- 

ptoms in patients with choledochal cysts. Am J Gastroen- 

terol 1997 Jun; 92 (6): 1018-21. 

[28] Abraham SC, Wilentz RE, Yeo CJ, Sohn TA, Cameron JL, 

Boitnott JK, Hruban RH. Pancreaticoduodenectomy (Whip- 

ple resections) in patients without malignancy: are they all 

'chronic pancreatitis'? Am J Surg Pathol 2003; 27:110-20. 

[29] Abraham SC, Cruz-Correa M, Argani P, Furth EE, Hruban 

RH, Boitnott JK. Lymphoplasmacytic chronic cholecystitis 

and biliary tract disease in patients with lymphoplasma- 

cytic sclerosing pancreatitis. Am J Surg Pathol. 2003 Apr; 

27 (4):441-51. 

[30] A Gumbs, J Kim, E Kiehna, J A Brink, R R Salem Autoim- 

mune Pancreatitis Presenting as Simultaneous Masses in the 

Pancreatic Head and Gallbladder JOP. J Pancreas (Online) 

2005; 6 (5):455-459. 

[31] Weber SM, Cubukcu-Dimopulo O, Palesty JA et al. Lym- 

phoplasmacytic sclerosing pancreatitis: Inflammatory mi- 

mic of pancreatic carcinoma. J Gastrointest Surg 2003; 7: 

129-37. 
[32] K. Okazaki, K. Uchida, M. Matsushita, M. Takaoka. Autoim- 

mune Pancreatitis. Internal Medicine Vol. 44 (2005), No. 

12; pp. 1215-1223. 

[33] Klimstra, David S., Conlon, Kevin C., Adsay, N. Volkan. 

Lymphoplasmacytic Sclerosing Pancreatitis With Pseudotu- 

mor Formation. Pathology Case Reviews. May/June 2001; 

(3):94-99. 

[34] Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Aka- 

matsu T, et al. High serum IgG4 concentrations in patients 

with sclerosing pancreatitis. N Engl J Med 2001; 344:732-8. 

[35] Pearson RK, Longnecker DS, Chari ST, Smyrk TC, Okazaki 

K, Frulloni L, Cavallini G. Controversies in clinical pancrea- 

tology: autoimmune pancreatitis: does it exist? Pancreas 

2003; 27:1-13. 

[36] Hadjis NS, Collier NA, Blumgart LH. Malignant masquerade 

at the hilum of the liver. Br J Surg 1985; 72:659-61. 

[37] Cello Jp: AIDS-related biliary tract disease. Gastrointest 

Endosc Clin North Am 1998; 8:963-973. 

[38] Benhamou Y, et al.: AIDS-related cholangiopathy: critical 

analysis of a prospective series of 26 patients. Dig Dis Sci 

1993; 38:1113-1118. 
[39] Keaveny AP, Karasik MS. Hepatobiliary and pancreatic in- 

fections in AIDS: Part II. AIDS Patient Care STDs 1998; 12: 

451-6. 

[40] Nash JA: Gallbladder and biliary tract disease in AIDS. 

Gastroenterol Clin North Am 1997; 26:323-335. 

[41] Ducreux M, Buffet C, Lamy P et al. Diagnosis and prognosis 

of AIDS-related cholangitis. AIDS 1995; 9:875-80. 

[42] Cello Jp, Chan MR. Long-term foll0w-up of endoscopic re- 

trograde cholangiopancreatography sphincterotomy for pa- 

tients with acquired immune deficiency syndrome papilla- 

ry stenosis. Am J Med 1995; 99:600-3. 



CHOLANGITIS 

G.P. Fragulidis, A.A. Polydorou, D.C. Voros 

20.1. Introduction 

Cholangitis is an infection of the biliary ductal system. 

It is a result of bacterial infection superimposed on 

partial or complete obstruction of the biliary system. 

The original description of cholangitis, by Charcot in 

1877 [1], alluded to inflammation and the symptoms 

now known as "Charcot's triad" (intermittent chills 

and fever, jaundice and abdominal pain). In clinical 

practice, the term "cholangitis" is used to refer to the 

signs and symptoms produced by bacterial inflamma- 

tion of the biliary duct system, without regard to the 

presence or absence of inflammatory changes within 

the walls of the bile ducts or the parenchyma of the li- 

ver. Bacteria can be present within the biliary tract (ba- 

cterbilia) without clinical symptoms and the bile of 

asymptomatic patients can harbor many bacteria if the 

biliary tree is otherwise normal. Thus, bacteria in bile, 

increased biliary pressure, and invasion of bacteria in- 

to the bile ducts and liver tissue are all important in the 

development of cholangitis. 

When biliary stasis occurs, elevated intraductal pres- 

sure leads to bacteraemia and about 50% of the patients 
have positive blood cultures [2]. The origin of bacteria 

in bile is unclear, but the most acceptable theory is that 

small numbers of bacteria normally pass into the portal 

venous system from the intestine, enter the liver, and 

are phagocytosed by the reticuloendothelial system. 

When a foreign body or other lesion is present within 

the biliary duct system, colonization of bile by bacteria 

is frequent. Clinical cholangitis develops when bacteria 

are released from the biliary duct system into the 

circulation, which occurs when pressure within the 

system is sufficiently high. Either complete or partial 

obstruction of the biliary tract may result in increased 

intraductal pressure [2, 3]. 

The disease can present a wide range of severity, 

from low grade fever to severe sepsis with flank pus 

within the biliary tree, which is also known as acute 

suppurative cholangitis [4]. Cholangitis should be con- 

sidered a clinical entity common to a variety of lesions 

that can produce partial or complete obstruction of the 

bile duct system. When the diagnosis of cholangitis is 

made, appropriate tests must be done to find the asso- 

ciate lesion and the proper management. 

20.2. Acute Suppurative Cholangitis 

The term suppurative cholangitis is used to describe 

the septic type of cholangitis. However, not all patients 

with this severe type of cholangitis have pus in their 

bile ducts and not all the patients with pus in their bile 

ducts have septic manifestations. Therefore, the term 

"acute suppurative cholangitis" describe the presence 

of pus into the biliary system and not the patient at the 

most severe end of this clinical spectrum [5]. The con- 

cept of a spectrum of cholangitis is important because 

the degree of severity as manifested clinically, deter- 

mines the appropriate therapy, as well as the rapidity 
with which therapy must be instituted. 

In the past, about 80% of cases of acute cholangitis 

were related to choledocholithiasis. Today, due to the 

increase in endoscopic and radiological intervention 

and prolonged survival in patients with malignant di- 

sease, most cases with cholangitis are related to malig- 

nant biliary obstruction and the interventional proce- 

dures. Other common etiologies are listed in table 20.1 

[4]. 

The infective organism is usually one of the gut flo- 

ra and gram-negative bacilli are commonly encounte- 

red. These include Escherichia coli, Enterococcus fae- 

calis, Klebsiella pneumoniae, Pseudomonas, Strepto- 

coccus, Proteus and Enterobacter species. Anaerobes 
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including Bacteroides and Clostridium species can be 
detected in about 25% of patients. In about 20% of 

patients, two organisms are isolated but there are rare- 
ly more than two [4]. 

20.2.1. Diagnosis 

The diagnosis of acute cholangitis should be conside- 
red in all patients who present with any of the triad 

symptoms of fever, jaundice, or right upper quadrant 
pain. The presence of known choledocholithiasis, a 
history of biliary surgery, an indwelling biliary catheter 
or recent endoscopy should increase clinical suspicion. 

The classic presentation of acute cholangitis is Char- 

cot's triad (fever, jaundice and right upper quadrant 

abdominal pain). The mentioned triad is rarely accom- 

panied by shock and mental confusion (Reynold's pen- 

tate), although one or more of these features may be 

absent. Charcot's triad is present in only 50% to 70% of 

the patients [4]. The most frequent symptom is fever, 

which is present in over 90% of the patients. Abdomi- 

nal pain occurs in about 80% of the patients and clini- 

cal jaundice occurs in similar incidence. Jaundice and 

mild to moderate right upper abdominal tenderness 

are seen in as many as two-thirds of patients. Other 

possible presenting symptoms include paralytic ileus 

and systemic manifestations of sepsis. Differential diag- 

nosis of the principal abdominal conditions that confu- 

se with acute cholangitis are acute cholecystitis, acute 
pancreatitis, acute hepatitis, liver abscess, acute pyelo- 
nephritis and perforated peptic ulcers. Moreover, acute 

pyelonephritis can mimic the pain and fever of cholan- 

gitis, and the intermittent spiking fevers of cholangitis 

can be mistaken for bacterial endocarditis. Right lower 

lobe pneumonia can present primarily with abdominal 

pain and mimic also an episode of acute cholangitis. 

20.2.2. Laboratory Findings 

Blood tests may present leucocytosis, elevated C-rea- 

ctive protein and elevation of the serum bilirubin, al- 

kaline phosphatase and transaminases. A minority of 

patients will present leucopenia, often a manifestation 

or overwhelming gram-negative sepsis. Serum amylase 

may be elevated in about one-third of the patients and 

is marked by raised in about 10% of the patients when 

concomitant acute pancreatitis is present [4]. During 

the process of laboratory work-up, blood cultures as well 

as bile cultures (in case of PTC or ERCP) are sending to 

microbiology lab to isolate infective organisms. 

20.2.3. Radiological Investigations 

Ultrasonography (U/S) may show dilated bile ducts, but 
is insensitive in diagnosing distal common bile duct 
stones or establishing the exact cause of cholangitis. 

This technique detects the presence of gallbladder sto- 

nes but it can only detect about 35% of the choledo- 
cholithiasis [4]. Compared with U/S, computed tomo- 

graphy is more effective in demonstrating the cause 
and the level of biliary obstruction. Direct cholangio- 

graphy, including percutaneous transhepatic cholan- 

giography (PTC) and endoscopic retrograde cholangio- 

pancreatography (ERCP), is particularly useful in the 

diagnosis and management of the patient suspected of 

having biliary obstruction causing acute cholangitis 

(fig. 20.1). ERCP is achievable in 85-90% of the patients 

and can detect extra hepatic biliary obstruction if it is 

present [6]. Direct cholangiography is not a contrain- 

dication in acute cholangitis. However, due to the fact 

that can exacerbate the disease leading to severe sep- 

sis, should always be combined with therapeutic drai- 
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Fig. 20.1. Endoscopic studies in choledocholithiasis and cholangitis 
(AAP). Retrograde cholangiogram showing common bile duct (CBD) 
stones. 

nage procedure whenever biliary obstruction is de- 
monstrated, and systemic antibiotics should be admi- 
nistered prior to these procedures. Magnetic resonance 
cholangiopancreatography (MRCP) unlike ERCP, is a no- 
ninvasive method and can be a useful tool to complete 
the diagnostic steps in patients with acute cholangitis if 
ductal cannulation by ERCP is unsuccessful or incom- 
plete. 

20.2.4. Management 

Initial management includes supportive care and anti- 

biotics. The majority of patients (70-85%) will respond 

to these measures with.in 24-48 hours [4,6]. Patients 

presented with systemic signs of severe infection may 

require intensive care unit monitoring and inotropic 

agents to support blood pressure. Broad-spectrum in- 

travenous antibiotics are required, which should be ab- 
le to cover especially gram-negative gut-derived orga- 
nisms. A reasonable choice for initial antibiotic treat- 

ment of acute cholangitis is Ticarcillin and Clavulanate 

or Piperacillin and Tazobactam, and in severe cases 

Imipenem-Cilastatin. Response to initial management 

is usually measured by clinical improvement and nor- 

malizing liver function tests. In patients who respond 

to antibiotics and supportive treatment, definitive treat- 

ment can be delayed until the patients have recovered 

from cholangitis. However, approximately 15% of pa- 

tients will not respond and require immediate ductal 

decompression [6]. Biliary decompression may be per- 

formed endoscopically (ERCP), or via percutaneous 

transhepatic route (PTC) depending on the level and 
nature of the biliary obstruction. Before the advent of 

interventional radiology in therapeutic endoscopy, sur- 

gical decompression was the only treatment for these 

patients. Surgical interventions in cases of choledocho- 

lithiasis include stone extraction, T- tube insertion, or 

bilioenteric bypass. Open surgery however has been 

associated with high morbidity and mortality. 

Endoscopic biliary drainage and stone extraction 

has become the optimal mode of treatment for many 
patients with various conditions including acute cho- 
langitis (fig. 20.1). This method may include also endo- 

scopic sphincterotomy and/or simply placement of an 

endoscopic biliary stent in the heamodynamically un- 

stable patient. In experienced hands successful endo- 

scopic common bile duct stone clearance can be achie- 

ved in more than 90% of patients. Biliary drainage via 

PTC for patients with acute cholangitis could achieve a 
successful rate close to 100% with a complication rate 
less than 10% and mortality around 5% [4]. The major 
advantage compared to endoscopy or surgery is that 
there is no need for anesthesia or systemic sedation, 
which can result in hemodynamic instability and respi- 
ratory complications. The disadvantage includes the 

need to puncture the liver, which may result in serious 

complications (in patients with severe sepsis, clotting 

derangement and thrombocytopenia) such as bile peri- 

tonitis, hemoperitoneum and hemobilia. 

As mentioned, the selection of wtiich procedure to 

perform should be based on the level and nature of the 

biliary obstruction. Choledocholithiasis and cholangitis 

associated with periampullary malignancies are best 
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approached endoscopically. In patients with a proxi- 

mal perihilar obstruction or a biliary-enteric anastomo- 

tic structure, percutaneous drainage may be the prefer- 

red route of decompression. If cholangitis is secondary 

to a tumor, the initial step is endoscopic/transhepatic 

decompression. After resolution of inflammatory signs, 

the tumor is evaluated for resectability and further treat- 

ment is planned electively. In cases in which either en- 

doscopic or percutaneous biliary drainage is not possi- 

ble, common bile duct exploration and a T-tube place- 

ment remains a life saving procedure. Unfortunately, 

the mortality in these critically ill patients is considera- 

ble higher (up to 40%) than for patients successfully 
managed endoscopically [4]. 

20.2.5 .  In Conclusion 

Acute suppurative cholangitis is a serious infective con- 

dition of the biliary tract that requires emergency treat- 

ment. Therapeutic endoscopy and interventional ra- 

diology has significantly improved the morbidity and 

mortality in these patients. Endoscopic treatment plays 

a major role in both the acute phase and the definitive 

treatment in case of choledocholithiasis. However, if 

endoscopic intervention is unsuccessful, surgical or ra- 

diological intervention must be performed before fur- 

ther deterioration. The definitive treatment depends 

on surgical risks of the patients and the availability of 

endoscopic and surgical expertise at different centers. 

20.3. Recurrent Pyogenic Cholangitis 

Recurrent pyogenic cholangitis (RPC) is a clinical syn- 
drome characterized by repeated infections of the bi- 

liary tract by pus forming bacteria. The term RPC was 

used by Cook in 1954 and the synonymous associated 

with this condition includes Asiatic cholangiohepatitis, 

Oriental cholangiopetatitis, Hong Kong Disease, Chine- 

se biliary obstruction syndrome and Primary cholangi- 

tis [7, 8]. Although the disease is prevalent in Southeast 

Asia, easy of travel and migration have meant that this 

condition is now encountered in Western countries 

more often. 

Unlike gallstone disease seen in Western countries 

which affects group of patients in their 40s and 50s, 

RPC typically afflicts a younger group of patients with a 

peak age of 20 to 40 years old, is equally common in 

males and females and there is a strong association with 

malnutrition. However, shifts of the peak age inciden- 

ce to an older age group have been noted in recent 

years. These elderly patients were those afflicted by 

the disease when young, survived the attacks of acute 

cholangitis, had one or more biliary operations and 

presented again with recurrent acute eholangitis, bilia- 

ry cirrhosis, or liver failure. 

20.3.1. Pathogenesis 

The disease is characterized by recurrent primary ba- 

cterial infection of the biliary tree, resulting in extra- 

hepatic and intrahepatic duct stricture, bile stasis, and 

subsequent stone formation and may be associated 

with parasites. The infection of the biliary tree with ba- 

cteria that possess beta-glucuranidase activity is likely 

the critical event in those patients. In the presence of 

b-glucuranidase, bilirubin glucuronide is hydrolyzed 

into free bilirubin and gluconic acid. This free bilirubin 

can then form insoluble calcium bilirubinate pigment 

stones after combination with calcium. Infection of 

normal bile with bacteria with intense glucuranidase 

activity, such as E. coli, gives rise to the multiple stones 

formation and recurrent episodes of cholangitis classi- 

cally seen in RPC [9]. Along with Klebsiella species, the- 

se are the two most common organisms isolated from 

the bile in these patients [7]. The overall positive bile 

culture rate has been reported to be as high as 87%. In 

addition, in the acute stage of the disease, 39,5% of the 

patients have a positive portal blood culture, while the 

positive supraduodenal lymph node culture rate is 38,1% 
[10]. However, in a non-obstructed biliary system, ba- 
cteria excreted into the bile will not usually give rise to 

infection and episodes of cholangitis. Thus, an obstru- 

ction produced by parasites (Clonorchis Sinensis now 
known as Opistorchis sinensis, or Ascaris lumbricoi- 

des) can initiate the sequence of events, leading to the 

formation of intrahepatic pigment stones [11]. Bioche- 

mical analysis of these stones revealed a bilirubin con- 

tent of 40.2-57% and a cholesterol content of 2.9-25.6%. 

This differs greatly from cholesterol stones which are 

common in western countries, which contain >90% in 

cholesterol and only 0.02-5% bilirubin [9]. There are 

two types of pigmented stones, black and brown 

which are seen in RPC. Stones are found in 90% of pa- 

tients and the most common site of occurrence is the 

common hepatic duct or bile ducts (50%). In 25% of all 
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patients with RPC, stones are found only in the intrahe- 

patic ducts, with 4 to 1 preponderance of left to right, 

and only 15% of the patients have stones in the gall- 

bladder [ 10]. 

The hypothesis of biliary infection as the cause of 

RPC, indicates that the initiating process is the establish- 

ment of enteric flora via the portal venous system from 

bowel origin into the intrahepatic biliary tree. The rea- 

sons for the breakdown of normal host defense me- 

chanisms may be that (1) the organisms are particular- 

ly virulent, (2) the bowel wall is injured (eg by enteric 

infection), thus allowing a larger than normal load of 

organisms to enter the blood-system, (3) the metabolic 

activities of the hepatocytes have been altered (eg by 

malnutrition) to produce bile that lacks or is reduced 

in bactericidal properties, or that is increased in litho- 

genicity and (4) the biliary tree is damaged-obstructed 

by the presence of parasites to increase its susceptibili- 

ty to infection. The most likely cause, is the establish- 

ment of bowel organisms in the liver and biliary tract 

of a compromised host, because there are little data to 

support the first possibility and RPC is also found in 

countries where parasitic infestation is not endemic. 

However, this does not explain one of the main patho- 

logic features of RPC, ie the significant preponderance 

of the left liver lobe. One possible explanation may be 

the selective distribution of portal blood within the li- 

ver. Another explanation is that the more oblique cour- 

se of the left hepatic duct results in poorer drainage of 

the left ductal system as compared to the right hepatic 

duct, thus leading to increased incidence of stone for- 

mation [8, 12]. 

The pathological hallmark of RPC is the steadily pro- 

gressive, recurrent cholagiohepatitis with periportal fi- 

brosis. In the acute stage, neutrophils infiltrate the por- 

tal triad and also are found in the small bile ducts. The 

infection process leads to destruction of these small 

ducts and adjacent liver parenchyma, leading to micro- 

abscesses formation. These microabscesses may conti- 

nue to enlarge and coalesce into multiple pyogenic ab- 

scesses. Resolution results in intense fibrosis and larger 

ducts can become irregular and short segments of rela- 

tive stricture can occur along the duct. These structures 

are most frequently encountered at the site of duct con- 

fluence. Recurrent attacks of infection led to perma- 

nent damage of the duct wall and the ducts remain di- 

lated. This chronic inflammatory cell infiltration of the 

portal tract, in severe and persistent cases, results in 

bridging fibrous band developing between portal 

tracts and replacement of the liver by fibrous tissue. 

The affected lobe of the liver, usually the left, is nor- 

mally atrophic with compensatory hypertrophy of the 

remaining lobe. The affected lobe can be so destroyed 

and transformed in a cavernous biliary sac filled with 

biliary mud, stones, parasites and pus. These repeated 

inflammatory damage to the ductal epithelium from 

the attacks of cholangitis can lead to atypical epithelial 

hyperplasia, dysplasia and eventually to cholangiocar- 

cinoma [ 13]. 

20.3.2. Clinical Presentation 

Patients with RPC are typically young thin and are al- 

most invariably of a lower socio-economic status. Most 

have had previous episodes of cholangitis, which are 

usually increase in frequency and severity with the pas- 

sage of time. The chief complaints are abdominal pain, 

fever and jaundice (Charcot's triad). Often the fever is 

associated with chills and is preceded by rigors. Jaun- 

dice is mild, since biliary obstruction is usually incom- 

plete and a history of tea-colored urine is usual. Nausea 

is present with pain, but vomiting is rare. Physical exa- 

mination may reveal signs of scars of previous surgery. 

There is tenderness with a degree of guarding in the 

right upper quadrant or the epigastrium. If the latter is 

marked, a left lobe abscess must be suspected. The li- 

ver is enlarged in 60% of patients, but this finding may 

be masked by abdominal guarding due to an under- 

lying abscess. Acute pancreatitis is associated with RPC 

in 10% of patients. Signs of generalized peritonitis are 
present in 5% of patients and may be caused by ruptu- 

re of a diseased gallbladder or liver abscess or because 

of severe acute pancreatitis [12]. These complications 

are associated with septic clinical condition, and/or 

the development of worsening hemodynamic parame- 

ters which becomes rapidly fatal, unless surgical inter- 

vention is immediately undertaken to decompress the 

biliary system. 

20.3.3. Laboratory Findings 

Routine laboratory tests do not differentiate patients 

with RPC from those with other causes of biliary obstru- 

ction and infection. Thus, there is a leucocytosis, eleva- 

tion of liver function tests, mild thrombocytopenia, 
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while a number of patients have a concomitant mild 

derangement of clotting profile with a prolonged pro- 

thrombin time. When serum amylase is elevated, a sto- 

ne impacted at the lower end of the common bile duct 

must be suspected. Stool examination for parasites,as 

well as blood cultures should be performed. 

Additionally investigations are necessary in these 

patients to define the exact location of all stones and 

structures as well as ductal anatomy before the definiti- 

ve treatment. Ultrasonography can recognize intrahe- 

patic stones, and may show features of biliary obstru- 

ction, pneumobilia, liver abscess or pancreatitis. How- 

ever, some stones in RPC may form casts within the in- 

trahepatic ducts, leading to the stones being missed by 

ultrasonography [8]. Computed tomography (CT) can 

provide images of the dilated intra and extrahepatic 

ducts, even if they are filled with sludge or pus, with 

the advantage of less interference by bowel gas, surgical 

scars and observer bias. In addition, computed tomo- 

graphy can differentiate intrahepatic stones from pneu- 

mobilia, provides accurate topographic localization for 

drainage of liver abscess and detects segmental ductal 

involvement in cases of complete obstruction of the bi- 

le ducts, which is necessary before liver resection as 

therapeutic procedure is undertaken. Scans with and 

without contrast is mandatory, as stones are easier to 

detect on no contrast scans, whereas subtle intrahepa- 

tic biliary dilatation is more easily delineated on a con- 

trast scan. Direct cholangiography, such as endoscopic 

retrograde cholangiopancreatography (ERCP) and per- 

cutaneous transhepatic cholangiography (PTC) are the 

most accurate way to define biliary ductal anatomy by 

depicting strictures, calculi, and ductal ectasia. ERCP is 

the preferable method since it is both diagnostic and 

therapeutic (drainage of the biliary system). When a 

stone or stricture prevents the filling of the intrahepa- 

tic ducts or when it is technically impossible to per- 

form an ERCP due to previous biliary-enteric by pass 

surgery, PTC under ultrasonography guidance is per- 

formed. Magnetic resonance cholangiography (MRCP) 

has been shown to be better than ERCP/PTC for accu- 

rate topographic evaluation of RPC, because it is able 

to depict all the biliary tree, despite obstruction or ste- 

nosis [8]. In addition, it is a non-invasive investigation 

and is comparable to ERCP in diagnosing choledocho- 

lithiasis. 
Radiographic features of conditions that have to dif- 

ferentiate from RPC are sclerosing cholangitis (biliary 

duct strictures are more peripherally, lack of stones), 

choledochal cysts and Caroli disease. 

20.3.4. Management 

About 70% of the patients with repeated attacks of acu- 

te cholangitis improve on conservative therapy [12]. 

Urgent therapeutic interventional procedures needs to 

be applied in cases such as those with peritonitis se- 

condary to perforated gangrenous gallbladder, compli- 

cated liver abscess or those with septic profile despite 

the conservative treatment. Definitive surgical proce- 

dure is considered when patients recover after conser- 

vative treatment and depends on the frequency and se- 

verity of attacks of acute cholangitis, presence of bilia- 

ry strictures, the indication for liver resection, dyspla- 

stic changes of biliary strictures (cholangiocarcinoma) 

and the presence of comorbid medical conditions. 

The initial management is to control the underlying 

infection and involves intravenous fluid replacement, 

analgesics, administration of antibiotics after blood cul- 

ture, and nasogastric aspiration. Patients who fail to re- 

spond, with severe attack of cholangitis, undergo ERCP 

for decompression of the biliary system. If this is not 

feasible due to obstructing duct stone or stricture, a per- 

cutaneous transhepatic biliary drainage of the obstru- 

cted biliary ducts can follow. If a large liver abscess is 

present, this can be drained percutaneously under ul- 

trasound or CT guidance. Small multiple abscesses 
usually respond to antibiotic treatment and biliary de- 

compression. No attempt is made, to perform a full 

cholangiogram or to remove all calculi from the biliary 

system during the severe attack of cholangitis. An 
excessive contrast injection during these interventions 

may result in cholangiovenous reflux which can lead to 

septicemia. 

If there is no improvement after non-operative in- 

terventional procedures, due to undrained biliary sy- 

stem or individual liver segment, urgent surgery must 

be considered. Urgent surgery can be undertaken also 

when the patient is presented with peritonitis as a re- 

sult of gangrenous cholecystitis or ruptured liver abscess. 

The principles of emergency surgery are decompres- 

sion of the obstructed biliary system by a limited ex- 

ploration of the bile duct and insertion of a T-tube. 

Stones that can be extracted easily are removed. Follo- 

wing gently irrigation with saline of the common bile 
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duct (CBD), the biliary system is explored. Any tight 

strictures in the left or right hepatic duct should be 

dilated gradually, until there is free flow of infected bi- 

le. A stone impacted at the lower and of the common 

bile duct, can be removed by transduodenal sphincte- 

roplasty in the presence of acute pancreatitis or by ele- 

ctrohydraulic lithotripsy under choledoscopic guidan- 

ce. A large T-tube is inserted into the common duct at 

the end of exploration which affords a percutaneous 

route for endoscopically intervention when the patient 

has recovered. Large palpable liver abscesses are drai- 

ned intra-operatively. A cholecystectomy is performed 

only when it is grossly distended or there is evidence 

of cystic duct obstruction, empyema or gangrene of the 

gallbladder. Emergency operations are usually inade- 

quate in terms of stone clearance and the type and the 

duration of the operation are limited by the stability of 

the patient. In addition, surgeons are frequently unable 

to perform optimal procedures because of insufficient 

knowledge of the location of stones and strictures. 

Definitive management depends on the extent of the 

intrahepatic disease and the degree of hepatic fibrosis. 

Principles of elective definitive surgery comprise the 

removal of intrahepatic and extrahepatic stones, the 

establishment of satisfactory drainage of the affected 

segment of the biliary tree and whether  liver resection 

has to be performed. 

However, once the patient has recovered from an 

acute attack of cholangitis, more definitive treatment 

via the endoscope or under radiological guidance can 

be performed. For those patients with stones in the CBD, 

endoscopic sphincterotomy with stone extraction is 

effective and comparable to surgical sphincteroplasty. 
Intrahepatic strictures can be also be dilated endosco- 

pically to allow complete removal of the intrahepatic 

stones and long segmental strictures which are likely 

to restenose can be stented successfully. In patients 

where the endoscopic approach has failed, percuta- 

neous route (PTC) can be combined with endoscopy 

to achieve stone clearance or stricture dilatation. Intra- 

hepatic strictures can also be dilated or stented through 

a percutaneous transhepatic biliary drainage catheter 

under fluoroscopic screening or choledoscopy. In pa- 

tients who underwent acute surgical intervention and 

T-tube insertion into the common duct, interventional 

approach through the T-tube tract into the biliary sy- 

stem can be also achieved. The main complications of 

dilatation therapy include septicemia, haemobilia and 

stricture recurrence. 

When definitive surgical intervention is required, it 

is mandatory to have complete preoperative investiga- 

tions of the biliary tract and a complete knowledge of 

the location of stones, strictures and the extend of the 

intrahepatic disease. Cholecystectomy is always per- 

formed, since histologically it shows inflammation, al- 

though rarely contains stones. In the presence of pre- 

dominantly extrahepatic disease a choledochotomy is 

performed. The common bile duct and the main and 

segmental intrahepatic ducts are examined carefully 

with intraoperative choledochoscopy and stones can be 

removed with stone forceps and irrigation. The place- 

ment of a large T-tube following the exploration will 

allow post-operative interventional procedures and re- 

sidual stones can be easily removed. In the presence of 

intrahepatic stones which are difficult to extract due to 

ductal strictures, a direct hepatotomy can be perfor- 

med to remove the stones. Stones in segmental bile 

ducts that cannot be retrieved easily may require ele- 

ctrohydraulic lithotripsy through the working channel 

of the flexible choledochoscope. It is not always possi- 

ble to clear the intrahepatic duct stones completely. 

Small stones or fragments can be drained, provided 

that an adequate biliary drainage is constructed. In the 

presence of a proximal biliary tract stricture (common 

bile duct) or when the common duct is extremely dila- 

ted and fibrotic, a hepaticojejunostomy type anasto- 

mosis can be performed. This provides a widely patent 

anastomosis for biliary drainage and for small stones to 

fall freely into. the loop of bowel. In addition, the 

closed end of the Roux loop tacked to the peritoneal 
surface of the abdominal wall can provide a permanent 

access route to the biliary tract. The location of the he- 

paticojejunal anastomosis depends on the site of the 

stricture of the common duct and the ease of exposure 

of the bile duct. It can Be constructed at the common 

bile duct, common hepatic duct, left hepatic duct or 

the left lateral segmental duct. 

Hepat!c resection is only performed for those with 

recurrent and localized severe disease. Usually the di- 

sease is located to the left lateral segment which can be 

atrophic with cavernous transformation of the bile 

ducts, or with an abscess. Hepatectomy is performed 

also to remove the underlying stricture which has the 

potential to turn malignant. Liver resection of the right 
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lobe disease is unusual. The overall operative mortality 
in hepatic resection is <2%, but the morbidity (infe- 

ction, subfrenic collections) from operating on an un- 

derlying septic condition is =30% [8]. Despite multiple 
operations, RPC patients can develop secondary biliary 
cirrhosis and liver failure and the only available 

treatment in these patients is liver transplantation. 

20.3.5.  In Conclusion 

RPC is a clinical syndrome characterized by repeated 
infections of the biliary system by pus-forming bacte- 

ria. Medical treatment is ineffective and surgical treat- 
ment is not satisfactory. The long-term goal of therapy 
is to extract stones and debris and relieve strictures. It 

may take several interventional procedures and may 

require a Roux-en-Y hepaticojejunostomy for biliary 

drainage. Hepatic resection should be performed when- 
ever indicated. Recurrences are common and the prog- 
nosis is poor once biliary cirrhosis and liver failure has 
developed and the only treatment in these patients is 
liver transplantation. 

20.4. Primary and Secondary Sclerosing 
Cholangitis 

Sclerosing cholangitis is a rare inflammatory biliary 
tract disease characterized by fibrotic strictures invol- 
ving the intrahepatic and extrahepatic biliary tree. It is 

a progressive disease that eventually results in secon- 
dary biliary cirrhosis. The term "sclerosing cholangitis" 
was first used in 1954 by Castleman and later by Sch- 
wartz and Dale in their 1958 review article, although 
the syndrome was first reported by Hofman in German 
literature in 1867 [14]. The disease was considered a 
rare disorder before the advance of the interventional 
procedures. The introduction of endoscopic retrogra- 

de cholangiography and percutaneous transhepatic cho- 

langiography has led to an increase in the identifica- 

tion of patients with the characteristic cholangiogra- 
phic findings of sclerosing cholangitis (fig. 20.2). The 
diagnosis of "Primary sclerosing cholangitis" (PSC) re- 

quires the presence of multifocal strictures and bea- 

ding of the intrahepatic and/or extrahepatic biliary tract 

in the absence of other precipitating causes. Even with 
associated calculi, the disease may be primary with se- 

condary formation of calculi. In cases where disease is 

Fig. 20.2. Cholangiogram demonstrating diffuse involvement of in- 
trahepatic and extrahepatic bile duct in a patient with primary scle- 
rosing cholangitis (AAP). 

caused by biliary stones, acute cholangitis, previous bi- 
liary surgery or toxic agents, the term "Secondary scle- 

rosing cholangitis" is used. 
Primary sclerosing cholangitis progresses slowly in 

most patients with over a 10 to 15 year period and 
usually leads to cirrhosis, portal hypertension and liver 
failure. The mean age of presentation is of 40 years old 
and men are affected twice as commonly as women. 
Many consider PSC to be an autoimmune reaction be- 
cause it is associated with other autoimmune diseases, 
such as ulcerative colitis, retroperitoneal or mediasti- 
nal fibrosis, and Riedel's thyroditis. More than one half 

of patients are symptomatic when diagnosed and 

approximately 75% of patients with PSC have inflam- 

matory bowel disease [14]. PSC may precede or follo.w 

the bowel disease and progression of one is unrelated 

to the other. 

20.4.1.  Pathogenesis  

The cause of PSC remains unknown, despite that a va- 

riety of factors have been incriminated in the disease 
process. These include bacteria and viruses, chemicals 
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and drugs, ischemic damage and genetics abnormali- 
ties of immunoregulation, all of which can produce in- 
jury to the biliary tract resulting in diffuse strictures si- 
milar to primary sclerosing cholangitis. However, no 
specific data exist to distinguish PSC from sclerosing 
cholangitis secondary to these causes. Recent studies 
have focused genetic and immune factors as the most 
likely etiologic agent in these patients, although the 
disorder is not inherited in any distinct pattern. There 
are familial occurrences of PSC as well as an associa- 

tion between PSC and HLA-B8, DR3, DR2 and DR4 [14]. 

Patients with PSC have signs of abnormal immunore- 
gulation, including infiltration and destruction of bile 
ducts by lymphocytes, hypergammaglobulinemia, peri- 
nuclear autineutrophil cytoplasmic antibodies and anti- 
colon epithelial antiantibodies. PSC along with other 
disorders of immunoregulation, including inflammato- 
ry bowel disease, thyroiditis and type 1 diabetes, is 
commonly associated with HLA haplotype B8/DR3 

[15, 16]. Patientswith PSC have several abnormalities 
in cellular immunity including low values of circulating 

suppressor T-cells, whereas the number of suppressor 
T and helper T-cells are increased in the portal tracts 
[14]. 

20.4.2. Diagnosis 

Before the diagnosis of PSC is established, other disea- 
ses that cause secondary sclerosing cholangitis need to 
be excluded. These include chronic bacterial cholangi- 
tis secondary to bile duct strictures or choledocholi- 
thiasis, previous biliary surgery, posttraumatic chole- 
dochal cysts, cholangiocarcinoma, infections, cholan- 
giopathy associated with AIDS (Cytomegalovirus infe- 
ction or Cryptosporidiosis) (fig. 20.3 & 20.4), toxic and 
ischemic insults [17]. These lesions can generally be 
excluded by the past medical history and reviewing 
the cholangiographic findings and bile duct cytology 
and biopsies. 

The diagnosis of PSC is suggested by clinical presen- 
tation associated with cholestatic liver function test ab- 

normalities. In patients with clinical apparent disease 

there is no specific or pathognomonic symptom or signs. 

The usual presentation includes cholestatic jaundice, 

pruritus, fatigue and right upper quadrant pain. Fever 
and marked abdominal pain are uncommon, especially 

without preceding biliary tract manipulation. In seve- 

ral patients with ulcerative colitis, abnormal liver fun- 

ction tests found on routine testing lead to the diagno- 

sis. The clinical course is characterized by relapses and 
remissions, but in most cases the disorder is progressi- 

ve. Jaundice, hepatomegaly and splenomegaly are the 
most common clinical signs of advanced disease. A small 

percentage of patients will present with signs and sym- 

ptoms of liver failure, including portal hypertension, 

bleeding oesophagogastric varices and ascites. 

20.4.3. Laboratory Findings 

Elevations of serum alkaline phosphatase and bilirubin 

are the most common laboratory findings. The levels 

of bilirubin often fluctuate with respect to the remis- 

sions and exacerbations of the disease and the extend 

of hepatic injury. Serum albumin and prothrombin 

time are often normal until late in the course of the di- 

sease. Autoantibodies are present in less than 10% of 

patients and a small number of patients with PSC have 

positive results for antimitochondrial antibodies. 
The clinical presentation and elevation of alkaline 

phosphatase and bilirubin may suggest the diagnosis, 
but this is usually confirmed by cholangiography (fig. 
20.5). ERCP is the preferred procedure because of 
difficulties in cannulation of the intrahepatic ducts by 
the percutaneous transhepatic route, as they are usually 
nondilated and fibrotic. In addition, ERCP offers the 
advantage of visualizing the pancreatic duct. Magnetic 
resonance cholangiopancreatography (MRCP) in increa- 
singly being used as a noninvasive method of diagno- 
sis. Differences in the techniques were observed, in that 
more bile duct stenosis and pruning were seen with 
ERCP and more skip dilatation with MRCP (p<0,0001) 
[18]. Overall, the results suggest that MRCP can beco- 
me the diagnostic method of choice in PSC and that 
ERCP can be reserved for the group of patients with a 
diagnostic doubt after MRCP. Typical cholangiographic 
findings are multifocal strictures involving both the 
intra- and extra-hepatic biliary tree, although only one 
of these systems may be involved. Despite the presen- 
ce of diffuse disease in the majority of patients, the 
hepatic duct bifurcation is the most severely affected 
segment. Involvement of the extrahepatic ducts alone, 
without intrahepatic involvement occurs in 5%-10% of 

patients with PSC, and strictures limited to the intrahe- 
patic ducts occur in less <5%. Intervening segments of 
normal or slightly dilated bile ducts between the stri- 
ctures produce the classic beaded appearance. Mar- 
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Fig. 20.3. 
a. Endoscopic cholangiogram in a patient with AIDS and sclerosing 
cholangitis (AAP). 
b. Colon biopsy showing cytomegalovirus enteritis in the same 
patient (H & E, xlO0). 

Fig. 20.4. 
a. Endoscopic cholangiogram in a patient with AIDS and sclerosing 
cholangitis (AAP). 
b. Intestinal biopsy showing infection with cryptosporidium (H & E, 
xlO0). 
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kedly dilated bile ducts, polypoid masses within the 
bile ducts or progressive stricture formation on serial 
cholangiograms are suggestive of a complicating bile 
duct carcinoma. Pancreatic duct abnormalities have 
been reported in 8% to 50% of patients with PSC al- 
though they seldom have symptoms of pancreatitis 
[19,20]. 

20.4.4. Pathology 

A liver biopsy may not be diagnostic, but is important 
to determine the degree of hepatic fibrosis and the 
present of cirrhosis for staging the liver disease to de- 
termine the prognosis. The most consistent abnorma- 
lity is the absence of interlobular bile ducts in the por- 
tal tracts. An infiltrate of plasma cells, neutrophils and 
eosinophils in these tracts is characteristic. PSC is sta- 
ged histologically according to the staging system ba- 
sed on the extent of inflammation and fibrosis on liver 
biopsy, proposed by J.Lwdwing [21]. In stage 1, inflam- 
mation and fibrosis are confined to the portal tracts. 
Stage 2 is characterized by periportal fibrosis with or 
without periportal hepatitis. Stage 3 is characterized by 
portal- to portal bridging with the formation of fibrous 
septae. Bile ducts are severely damaged or absent and 
cholestatic changes are prominent in periportal and 
periseptal hepatocytes. Cooper-protein complexes are 
present within lipolysosomes adjacent to the nucleus 
in damaged hepatocytes. In stage 4, biliary cirrhosis 
develops and the histologic changes are difficult to di- 
stinguish from primary biliary cirrhosis. Microscopic 
examination of the extrahepatic bile ducts shows a dif- 
fuse inflammatory infiltrate composed predominantly 
of lymphocytes and plasma cells with epithelial ulcera- 
tion. Neutrophils are seen within lumens of gland like 
structures. The extensive fibrosis of the wall with en- 
trapment of gland like structures may simulate adeno- 
carcinoma. 

Occasionally, inflammatory changes involving inter- 
lobular bile ducts are present in biopsies obtained 
from patients with cholestatic liver function tests but a 
normal cholangiogram. These patients are considered 
to have "small-duct PSC" (former by called "pericholan- 
girls") and have a significantly better survival compa- 
red with patients with large-duct PSC, the majority of 
whom progress to chronic liver disease. Although the 
clinical symptoms and signs and the age of presenta- 
tion of small-duct and large-duct PSC are similar, the 
clinical course is much more benign in the small-duct 

group, the majority of patients do not progress to lar- 
ge-duct disease and no patients develop cholangiocar- 
cinoma [22]. Therefore, the small-duct PSC is a new 
clinical entity and in the majority of cases does not re- 
present an early form of classical PSC. 

20.4.5. Associated Diseases 

Numerous diseases have been associated with sclero- 
sing cholangitis. A strong association exists between 
inflammatory bowel disease, primary ulcerative colitis, 
and sclerosing cholangitis. The incidence of ulcerative 
colitis in patients with sclerosing cholangitis is 75% 
[14]. Conversely, the prevalence of sclerosing cholan- 
gitis in patients with ulcerative colitis ranges from 
2.5% to 7.5% [23, 24]. The activity of either disease 
does not affect the activity of the other and both disea- 
ses can be presented concurrently, although symptoms 
of ulcerative colitis usually predate the development of 
sclerosing cholangitis. In the presence of PSC, ulcerati- 
ve colitis almost always involves the entire colon, whe- 
reas left-sided colitis is more common in patients 
without PSC. 

The development of cholangiocarcinoma will com- 
plicate the clinical course of 10-20% of patients with 
PSC. Between 10% and 30% of patients undergoing 
liver transplant have incidental cholangiocarcinoma in 
the hepatectomy specimen [25]. Cholangiocarinoma 
can present any time during the disease process and 
not correlate with the extent of sclerosing cholangitis 
or the development of liver failure, but frequently fol- 
lows on aggressive course of the disease. The bile duct 
cancer is most often extrahepatic and commonly occur 
near the hepatic duct bifurcation [26]. This site is also a 
common position for dominant benign strictures in 
PSC, making the diagnosis of bile duct cancer a great 
challenge. When the diagnosic modalities of brush 
cytology, DNA analysis, serum Ca 19-9 and serum CEA 
were all combined, a diagnostic sensitivity of 88% and 
specificity of 80% were reached [27]. Evaluation with 
endoscopic ultrasound and endosonography-guided 
fine needle aspiration of undiagnosed hilar strictures 
suspicious for cholangiocarcinoma when it is techni- 
cally feasible has an accuracy, sensitivity and specifici- 
ty of 91%, 90% and 100% respectively [28]. 

The incidence of gall bladder cancer is also increa- 
sed in patients with PSC, and screening is advocated 
by some groups with early cholecystectomy for gall- 
bladder polyps. Theya lso  support the evolving con- 
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cept of biliary dysplasia as the initial step in the deve- 
lopment of carcinoma in the biliary tree and gallblad- 
der in PSC [29]. 

20.4.6. Management 

No known specific medical therapy is effective for 
PSC. A variety of immunosuppressive, anti-inflamma- 
tory and antibiotic agents have been used to treat PSC. 
The most encouraging results suggest that ursodeoxy- 
cholic acid significantly improves serum liver function 
tests and liver histologic appearance, but unfortunately 
with no significant difference in clinical outcome [30]. 

Nonoperative interventions, as ERCP with balloon 
dilatation and temporary stenting where technical pos- 
sible, is preferred to percutaneous transhepatic cholan- 
giographic intervention in the management of sympto- 
matic dominant extrahepatic strictures. These measu- 
res have given short-term improvements in symptoms 
and serum bilirubin levels and long term improvement 
in only less than one half of the patients [14, 31]. Surgi- 
cal management with resection of the hepatic duct bi- 
furcation and hepatico-jejunostomy, can improve jaun- 
dice in select group of patients without cirrhosis or sig- 
nificant intahepatic biliary disease. This operation in 
selected patients can preclude or delay the need for 
hepatic transplantation and moreover does not elimi- 
nate or influence the results of hepatic transplantation. 
In addition, this form of surgical therapy has greater 
and longer biochemical improvement, better survival 
until death or liver transplantation, and a lower inci- 
dence of cholangiocarcinoma than in patients treated 
medically or with endoscopic dilation. 

The role of biliary surgery in PSC, however, has de- 
creased considerably with the excellent results of liver 
transplantation in patients with advanced liver disease 
and end-stage PSC. The timing of transplantation in pa- 
tients with PSC should be considered before the disea- 
se is too advanced. Primary indications for referral for 
liver transplantation include bleeding due to esopha- 
geal varices or portal gastropathy, intractable ascites 
(with or without spontaneous bacterial peritonitis), in- 
tractable pruritus, severe muscle wasting or persistent 
elevations in serum bilirubin. The presence of known 
malignancy or preoperative recognition of cholangio- 
carcinoma results in patients being refused transplan- 
tation due to poor results postransplant. However, an 
incidental finding of cholangiocarcinoma in the ex- 
planted liver specimen does not usually portend a poor 

prognosis. Biliary strictures in the transplanted liver 
are a post-transplant problem in patients with PSC, 
along with histologic features on post-transplantation 
liver biopsy consistent with recurrence of the disease. 
Possible causes of the strictures are the recurrence of 
PSC, bile duct ischemia, chronic rejection, cholangitis 
and chronic immunosuppression. PSC recurs in 10% to 
20% of patients and may require retransplantation [32, 

33]. 

20.4.7. In C o n c l u s i o n  

PSC is a chronic progressive disease and is characte- 
rized by diffuse bile duct strictures, chronic cholestasis 
and frequent association with ulcerative colitis. The 
diagnosis is confirmed on cholangiography. The disea- 
se is slowly progressive over a 10-15 year period and is 
complicated by cirrhosis and portal hypertension. The 
disease has an increased incidence of bile duct cancer. 
There is no medical therapy that is effective in the 
treatment of PSC. Endoscopic dilation and stenting or 
surgical drainage procedure is the optimal treatment of 
symptomatic dominant biliary stricture. In patients 
with PSC and advanced liver disease, liver transplanta- 
tion is the only option of treatment. 

20.5. FibrOSiS Of Papilla-Papillitis 

Papillitis is an acute inflammatory disorder involving the 
mucosa overlying the major duodenal papilla, whose 
circular fibers regulate the flow of bile and pancreatic 
ducts into the duodenum [34]. Spasm or inflammatory 
changes of this papillary musculature may have a varie- 
ty of clinical manifestations. The biliary or pancreatic 
system or both, will be involved to the degree of out- 
flow obstruction of their respective ductal systems with- 
in the papillary complex [35]. Stenosis of the distal 
portion of the common bile duct by fibrosis was first 
described by Florcken in 1912. Fourteen years later, 
Del Valle and Donovan described patients with partial 
or complete choledochal obstruction and termed the 
process "sclerosing choledocho-odditis". Hess found 
that papillitis may affect the biliary and pancreatic du- 
ctal systems independently or in combination, although 
isolated involvement of the pancreatic duct was rare in 
his experience [35]. 

Chronic recurrent inflammation may induce an in- 
flammatory infiltrate to extensive and severe fibrosis 
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leading to papillary stenosis. This situation usually de- 

velops in association with cholelithiasis from repeated 

passage of small stones or sludge, iatrogenic injuries 

during c o m m o n  bile duct exploration or infection [36, 

17]. Such cases are referred to as secondary papillitis, 

considering that the basic process affecting the biliary 

tract also involves the cho ledochoduodeodena l  jun- 

ction. Even though most cases result from stones or trau- 

matic choledochal  instrumentation, cases of idiopathic 

papillary stenosis have been repor ted and are called 

pr imary papillary stenosis or pr imary papillitis, which 

is an inf lammatory stenosis of the papilla without bilia- 

ry tract disease [37]. 

20.5.1. Diagnosis 

Most patients with papillary stenosis are middle-aged 

w o m e n  and many have had cholecystectomies.  The 

most  frequent presenting complaint  is biliary colic. 

Other  symptoms may be those of obstructive jaundice, 

cholangitis, and pancreatitis. Jaundice or cholangitis 

rarely occurs as a pr imary presentation. Papillary ste- 

nosis in combinat ion with stasis also may lead to for- 

mation of c o m m o n  duct stones. Pancreatitis is usually 

mild and recurrent  without  accompanying signs of 

pancreatic inf lammation or hyperamylasemia  and is 

cons idered  part of this syndrome [36]. 

20.5.2. Laboratory Findings 

Pathologic changes of the papilla may vary from an in- 

f lammatory infiltrate to extensive and severe fibrosis, 

and no true correlation exists be tween  histology and 

symptomatology.  Acute inf lammatory changes and di- 

stortions of glandular architecture may be found in 

normal persons older than 50 years of age [38]. Papilla- 

ry stenosis can be a result of organic stenosis or functio- 

nal obstruction (i.e. biliary dyskinesia - other motility 

disorders)  and differentiation is frequently difficult. A 

dilated c o m m o n  bile duct that is difficult to cannulate 

with delay emptying of the contrast are useful diagno- 

stic features. Certain cholangiographic findings suggest 

papillary stenosis, (1) na r rowed  distal ( intraduodenal)  

c o m m o n  bile duct (CBD) segment,  (2) dilated CBD or 

pancreatic duct and (3) delayed contrast drainage from 

the biliary (>45min) or pancreatic duct (>10min) [36]. 

Ampullary manomet ry  (the most  useful diagnostic 

tool) and special provocat ion tests are available in 

specialized units. 

20.5.3. Management 

If the diagnosis is well established, endoscopic  sphin- 

c tero tomy is the t reatment  of choice, with success rate 

of more  than 95%. The incident of recurrent stenosis 

after endoscopic  sphincterotomy is 11,5% [39]. In pa- 

tients with recurrent  pancreatitis, balloon dilatation of 

the pancreatic sphincter is r ecommended .  
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CANCER OF THE EXTRAHEPATIC BILIARY TRACT 

CALLBLADDER CARCINOMA 

G. Karatzas, E. Misiakos 

21 a. 1. Incidence 

Gallbladder carcinoma (GBC) is a rather rare malig- 

nancy associated with a rapidly lethal course indepen- 

dent of any kind of treatment. The high mortality rate 

associated with the disease is due to the early silent 

growth of the tumor with a late presentation, an early 

occurrence of lymph node spread, and an anatomic 

relation to the porta hepatis [1]. It is considered as the 

most common biliary tract malignancy and the fifth 

most common gastrointestinal cancer, pancreatic can- 

cer occurring about five times as frequently [2]. In ge- 

neral, the incidence of GBC seems to be increasing in 

the Western World. A recent study from France repor- 

ted an annual incidence of 0.6 cases per 100,000 men 

and 1.7 cases per 100,000 women [3]. In the US it 

accounts for approximately 7,100 new cases and 3,500 

deaths per annum [4]. 

GBC predominantly occurs in elderly females, the 

incidence increasing with age: the majority of patients 

are over 50 years of age and the peak incidence is 70- 

75 years [5]. There is evidence that in some countries 

mortality from the disease is decreasing in parallel 

with the increasing use of cholecystectomy. This was 

the case in US, Canada and G. Britain in the decade 

1977-1987, when a decline in mortality from this can- 
cer was noted [6]. 

GBC has large geographic and ethnic variations, 

with areas of high prevalence scattered throughout the 

globe 7, 8]. Bolivia and Chili have the highest inciden- 

ce rates in the world (15 and 13 per 100,000 popula- 

tion, respectively) [9]. Intermediate incidence rates 

(3.7-9.1 per 100,000 population) were reported form 

North-Eastern Europe (Poland, Czech Republic), India, 

and Israel [10, 11, 12]. Relatively low incidence rates 

(<3 per 100,000 populat ion)were reported in the UK, 

Spain, and New Zealand [7, 11]. In the US, the overall 

incidence of GBC is quite low, at 1.2 per 100,000 [13, 

14]. However, certain subpopulations in the US have 

high incidence rates, such as the American Indians, 

followed by the Hispanics [15, 16]. On the contrary 

blacks have approximately 50% lower incidence rates 

than those for whites [7]. 

21a.2 .  Risk Factors 

There is an established association between choleli- 

thiasis and GBC, although a cause-and-effect relation- 

ship between them has not been proven. The high rate 

of incidence of this tumor in several ethnic groups and 

the female predominance correlate closely with varia- 

tions in the incidence of cholelithiasis [17]. 

Indeed, cholelithiasis is encountered in more than 

90% of cases of gallbladder cancer [18]; in addition, most 

cases with gallbladder cancer are associated with mul- 

tiple and large stones (> 3 cm), which is probably a re- 

flection of the long-term presence of gallstones [19]. 

Chronic mechanical damage and inflammation of the 

gallbladder mucosa produced by the stones leads gra- 

dually to dysplastic changes and neoplastic transfor- 

mation [20]. However, as the majority of GBC are not 

squamous cell carcinomas, but are adenocarcinomas 

malignant transformation of gallbladder adenomas or 

adenomyomatosis is also a substantial possibility [21, 22]. 

Although cholelithiasis is found in 80% of GBC ca- 

ses in Western countries, in countries of the Far East, 

such as Korea, only 30% of GBC cases are associated 

with lithiasis [23]. Anomalous union of the pancrea- 

tobiliary duct, being quite frequent in East Asia, may 

play a role in the pathogenesis of GBC in these areas 

[24]. Alterations in bile composition, gene mutations, 

and epithelial cell proliferations may contribute to the 

pathogenesis of GBC [20, 25, 26]. 

Malignant transformation of benign tumors of the 

gallbladder has only rarely been reported; however, a 

direct relationship between adenoma, carcinoma in si- 
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tu, and invasive carcinoma of the gallbladder has been 

demonstrated [17]. For that reason polypoid lesion of 

the gallbladder may have a malignant potential, espe- 

cially if they are greater than 10 mm in diameter. If 

diagnosed, cholecystectomy is indicated even in the 

absence of stones [27]. Small polyps need to be remo- 

ved only if they cause symptoms or coexist with gall- 

stones. 

There are two other pathologic conditions associa- 

ted with the development of carcinoma: cholecystoen- 

teric fistula and porcelain gallbladder. There is an in- 

creased incidence of development of GBC in patients 

who have had a cholecystoenteric fistula; the tumor 

may develop one to two decades later [28]. Nonethe- 

less the incidence of GBC associated with a calcified or 

porcelain gallbladder is increased; in the 60s it was 

believed to range from 12.5 to 61% [29]. Recent re- 

ports have demonstrated an incidence of about 5% 

[30], and it is higher in gallbladders with selective mu- 

cosal calcification than in those with complete mucosal 

calcif ication [31]. 

The chronic typhoid carrier state has been proven 

to be another significant risk factor for the develop- 

ment of GBC [32]. In addition to the carrier state, bile 

stasis, deconjugation of bile acids, production of muta- 

genic stasis in the bile, and increased concentration of 

free radicals in the gallbladder are other possible factors 

implicated in the pathogenesis of GBC [20]. Neverthe- 

less, the deficiency of certain micronutrients and antio- 

xidants, such as selenium (Se), zinc (Zn), copper (Cu), 

manganese (Mn), ascorbic acid (vitamin C), and a-toco- 

pherol (vitamin E) have a significant association with 

the development of GBC [33]. The major mechanism 

by which such dietary compounds may affect carcino- 

genesis includes antioxidation, changes in carcinogen 

metabolism, promotion of differentiation and growth 

inhibition, and immunologic modulation [34, 35, 36]. 

2 la.  3. Genetics 

Adenoma and dysplasia of the gallbladder mucosa are 

considered as precancerous lesions. Unfortunately the 

precise molecular mechanisms of the progression of 

GBC are still unknown. Loss of heterozygosity (LOS) 

may be associated with the development of dysplasia 

and the malignant transformation of GBC. Microsatel- 

lite instability (MI) has a limited role in the develop- 

ment of GBC. Gene alterations of dominant oncogenes 

(K-ras), and tumor suppressor genes (IO53, and p16) 
play an important role in the malignant changes of 

dysplasia [37, 38]. Loss of the p53 tumor suppressor 

gene function is one of the first events in tumigenesis. 

In addition a pathway from p53 regulating vascular 

endothelial growth factor (VEGF) induces angiogenesis 

in human GBC, which plays an important role in tumor 

progression and metastasis [39]. 

Methylation of 5' gene promoter regions, a major 

mechanism for silencing several tumor suppressor ge- 

nes, is involved in the pathogenesis of GBC. Analysis 

of the methylation frequencies in GBC revealed several 

genes (3-0ST-2, CDH13, CDH1, RUNX3, APC, RIZ1, 
HPP1 and p16) involved in the development of GBC. 

The finding of gene methylation in gallbladders with 

chronic inflammation suggests that this phenomenon 

may be an early event in the malignant transformation 

of the gallbladder mucosa [40]. 

21a.4. Pathology 

A variety of histological types of gallbladder carcinoma 

occur, all of which exhibit similar patterns of growth 

or clinical presentation and natural history. Macrosco- 

pically GBC may present as a mass lesion, either pro- 

truding in the gallbladder lumen or as a flat variety; the 

protruding tumors may be papillary or nodular [41]. 

CGB exhibit two patterns of growth: infl"Itrating and 

fungating. The infiltrating tumors are more common, 

histologically scirrhous, and appear as a diffuse thi- 

ckening and induration of a significant part of the gall- 

bladder wall, which may involve the entire gallblad- 

der. The fungating tumors grow into the .lumen as a 

cauliflower-like mass invading the gallbladder wall at 

the same time. The central portion may be ulcerating, 

hemorrhagic or necrotic. The most common sites of 

involvement are the fundus, neck and lateral walls [42]. 

Histologically, adenocarcinoma, the most common 

histological type, is found in 80% of cases. Adenosqua- 

mous carcinoma occurs in 3%, undifferentiated carci- 

noma in 6%, and mixed tumor (with glandular and 

squamous components) or adenoacanthoma in 1% [ 17]. 

The tumor spreads mainly by local invasion of the 

liver and other surrounding organs such, as the duo- 



G. Karatzas, E. Misiakos 269  

denum, hepatic flexure of the colon, omentum, and the 
abdominal wall. The common hepatic duct is frequen- 
tly infiltrated, especially by tumors of the gallbladder 
neck or the Hartman's pouch. In this case, GBC pre- 
sents with obstructive jaundice mimicking the clinical 

presentation of hilar cholangiocarcinoma. Penetration 

of the gallbladder fossa by the tumor may arise at an 

early stage by either direct invasion or by hematoge- 

nous spread through the cholecystic veins draining the 

gallbladder wall into the liver [17]. Lymphatic spread 

may occur through the lymphatics to the lymph nodes 

of the cystic duct, the common bile duct and the 
pancreaticoduodenal region. Hematogenous spread to 

distant organs such as the liver, lungs, pleura etc., does 
not occur until the tumor is locally advanced. 

Histological classification and staging of GBC is do- 
ne on the basis of the Tumor Node Metastasis (TNM) 

classification (table 21a.1) and in accordance with the 

American Joint Committee on Cancer staging system 

[43] (table 21a.2), and depends on the size of the tumor, 
its location, the presence of dysplasia, the degree of 

differentiation, and the degree of invasion of the gall- 

bladder wall. These factors guide surgical options in 

the management of GBC and predict the clinical outco- 
me after surgery [20]. 

21a.5. Clinical Manifestations 

No symptoms or signs are specific for GBC. Carcino- 
mas in situ or not penetrating the gallbladder wall are 

usually asymptomatic. Any symptoms present in these 

cases are attributable to gallstones, and may range 
from mild dyspepsia or biliary colic to acute or chronic 
cholecystitis. In these cases diagnosis is made if chole- 
cystectomy is performed for symptomatic cholelithia- 
sis [17]. 

The development of a malignant tumor in patients 
with pre-exisiting biliary symptoms may produce a no- 

ticeable change in symptoms. Early invasion of the se- 

rosa and the gallbladder fossa may produce a visceral- 

type dull pain in the right hypochondriac region refer- 

red to the right scapula. Invasion of the gallbladder neck 

or cystic duct may produce obstructive symptoms. At 

late stage GBC produces non-specific systemic featu- 

res, such as anorexia, malaise, weight loss, nausea and 

vomiting. In addition, invasion of the common hepatic 

Tis, t u m o r  in situ (T). 

duct produces compression of the common bile duct 
and obstructive jaundice. Other findings such as abdo- 
minal mass, duodenal obstruction and ascites suggest 

advanced disease [44]. Jaundice is accompanied by a 
visceral type pain in the majority of advanced cases, 

which may be useful to differentiate this disease from 

periampullary carcinoma. The presence of a palpable 

gallbladder at physical examination always indicates 

advanced disease. 
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21 a.6. Diagnostic Methods 

Because of the atypical clinical presentation and the in- 
sidious progress of the disease, preoperative diagnosis 
has always been difficult at least in the early stage. 

However, the advent of new investigational techni- 

ques combined with a high index of clinical suspicion 

may help in the preoperative diagnosis in the majority 
of advanced cases. 

Hematological and biochemical parameters may 
provide some help in diagnosis. A mild anemia is often 
present and should rise suspicion when investigation 
indicates benign biliary disease. Interestingly, in early 
non-jaundiced cases, the serum alkaline phosphatase 
may be elevated. This may be due to invasion of the 

gallbladder bed, cholangitis, obstruction of a hepatic 

duct, or liver metastasis [ 17]. 
Ultrasonography is a practical tool for the detection 

of a gallbladder mass. It may indicate polypoid lesions, 
which are usually benign if they have a diameter not 

exceeding 1 cm. However, most polypoid lesions grea- 
ter than 1 cm may be malignant and should be treated 
with cholecystectomy [45, 46]. Unfortunately, ultraso- 
nography may miss most early cases of GBC-only 
around 30% of early cases can be diagnosed preopera- 

tively by ultrasonography [44, 47]. 
In more advanced-stage tumors, multiple imaging 

techniques such as ultrasonography, computerized to- 

mography (CT), and magnetic resonance imaging (MRI) 

can detect the primary tumor and indicate any inva- 
sion of adjacent structures and metastatic lesions. U1- 
trasonography allows correct diagnosis in 70-80% of 
advanced cases [48]; it may also indicate liver infiltra- 
tion or intrahepatic ductal dilatation. ACT scan is help- 
ful both in diagnosis and staging. However, despite the 
increased accuracy of CT scan in the preoperative 
diagnosis of GBC, the extent of the disease is often un- 

derestimated. The most common causes of understag- 

ing GBC preoperatively are small hepatic metastases, 

microscopically involved regional lymph nodes and 

undetected peritoneal carcinomatosis [44, 49]. 
Selective hepatic angiography is useful in diagno- 

sing resectable disease [20]. Computerized tomogra- 

phy angioportography or MRI has the advantage of de- 

monstrating the vascular details of the area of the neo- 

plasm [50, 51]. 
Among the cholangiographic techniques percuta- 

neous transhepatic cholangiography (PTC), and endo- 
scopic retrograde cholangiopancreatography (ERCP) 
are the most useful in diagnosing GBC and its spread 
into the biliary tree. PTC in the jaundiced patient may 
show changes within the intrahepatic bile ducts sugge- 
stive of GBC. Distortion, stricturing, or obstruction of 

the bile ducts draining the hepatic segments adjacent 
to the gallbladder fossa may be shown. ERCP is mainly 
useful for non-jaundiced patients with biliary sym- 
ptoms, in the absence of dilated intrahepatic biliary 
ducts. When it is done for the jaundiced patient the 
usual finding will be obstruction of the common hepa- 
tic duct with non-filling of the gallbladder [17]. ERCP 
may also demonstrate an anomalous junction of the 
pancreatico-biliary ducts, providing the opportunity of 

brush cytology and biopsy of the lesion extending to 

the common bile duct or the duodenum [20]. 
Fine needle aspiration cytology guided by ultra- 

sound or CT may provide diagnosis of malignancy if a 
mass lesion in the abdomen is under investigation. 
This technique is useful for GBC, when non-operative 
methods of palliation are under consideration to relie- 
ve obstructive jaundice. In other cases when diagnosis 
is in doubt, diagnostic laparoscopy is routinely perfor- 
med before exploratory laparotomy for patients with 

suspected GBC. Any suspicious findings should be 
biopsied, especially peritoneal or hepatic masses. If as- 
cites is present, a fluid specimen should be obtained 

for cytologic examination. The laparoscopic detection 

of inoperable GBC spares the patient an unnecessary 
laparotomy [44, 52]. 

21 a.7. Surgical Treatment 

Surgery is the only effective treatment for GBC and 
provides these patients the prospect of relatively long- 

term survival. The surgical approach depends largely 

on the mode of presentation and extent of the disease. 

GBC patients present in one of the three ways: 

- As an incidental finding at the time of cholecystectomy. 

- As a resectable biliary tract malignant tumor. 

- As an advanced intrabdominal malignancy. 

Each of the three possibilities will be analyzed in terms 
of surgical approach or any other palliative measures 

required. 
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21a.8. Incidental Finding at Cholecystectomy 

Since the era of open cholecystectomy, it was well 
known that the diagnosis of GBC is incidentally made 
in about 27-41% of cases during or after cholecyste- 
ctomy performed for benign biliary disease [17, 53 
and 54]. Today, in the age of laparoscopic surgery, 
GBC is unexpectedly found during or after laparosco- 
pic cholecystectomy, in 0.3% to 0.5% of cases, in 

Western countries [55, 56]. In Japan the percentage is 

slightly higher (0.8 to 0.9%) [52, 57]. Most of the cases 
unsuspected preoperatively belong to stages pT1 and 

pW2 [58]. 
The possibility of tumor implantation to the abdo- 

minal wall has been a matter of debate. Some authors 
have stated that it did not increase after laparoscopic 
surgery [59, 60]. However, others support that pneu- 
moperitoneum with carbon dioxide (CO2) may pro- 

mote the dissemination of malignancy [61]. Further- 
more, excessive manipulation of the gallbladder during 

laparoscopic cholecystectomy and bile spillage may 
significantly affect prognosis in patients with unsuspe- 

cted GBC [62]. Indeed, it has been reported that the 

incidence of port-site recurrence increased from 9% in 
cases without intraoperative gallbladder perforation to 
40% in patients with documented perforation [63]. Al- 
though most of the port-site recurrences occur at sites 
through which the specimen was removed, they do 
not always develop at the removal port-sites [55]. The 
use of a protective retrieval bag for the extraction of 
the gallbladder is always suggested; however, this does 
not exclude intraperitoneal seeding. It is also manda- 
tory to avoid perforation of the gallbladder and bile 
spillage in the surgical field during laparoscopic chole- 
cystectomy [64]. 

The diagnosis of a tumor confined in the gallblad- 
der is made when the excised gallbladder is opened 
immediately after removal, or during histological exa- 
mination of the surgical specimen by the pathologist. A 
removed gallbladder should be opened before closure 
of the abdominal wounds and any suspicious lesion 

should be sent for frozen-section examination [17]. If a 
tumor is discovered the surgical strategy is best 
determined by the diagnosed T stage of the disease 
[65]. Patients with GBC confined to lamina propria 
(pTla) have excellent prognostic features and can be 

cured by cholecystectomy alone [66, 67]. If the tumor 

invades the muscular layer (pTlb) the possibility of 

lymph node metastasis is 16% [68] and the lymphatic, 
venous, and perineural infiltration is up to 50% [69]. It 
is not clear whether a simple cholecystectomy, as sup- 
ported by some author, is sufficient at this stage [53, 
58, 66, 67]. In contrast, others recommend an "exten- 
ded cholecystectomy", as offering a better long term 
survival [65, 68 and 69]. Extended cholecystectomy 
involves wedge resectioning of the liver segments IVb 
and V at least 3 cm in depth from the gallbladder bed, 

together with regional lymphadenectomy. The latter 
includes the nodes of the first (N1) level, i.e., the no- 
des of the cystic duct, portal vein, hepatoduodenal 
ligament, and the liver hilum, and the second level 
(N2), i.e., the nodes around the pancreatic head, duo- 
denum and celiac artery (fig. 21.1) [17, 65]. When pa- 
tients with T1 are incidentally diagnosed after a simple 
cholecystectomy and the surgical margins are free of 
disease, then cholecystectomy is a sufficient operation 
for this group of patient [65, 70]. However, if the cystic 
duct margin is positive, these patients should be subje- 
cted to a repeat resection of the cystic duct stump or 
common bile duct resection and biliary reconstruction 

[70, 71, 72]. 
T2 tumors may be also incidental histologic find- 

ings after cholecystectomy. Up until the 1980s the 
treatment of choice for these patients was simple cho- 
lecystectomy. However, in the last fifteen years, many 
studies have reported that the incidence of lymph 
node metastasis may be as high as 39-54% [73, 74] and 
the incidences of lymphatic, venous and perineural 

:22- a ............ b 

Extent of node clearance ! .? :---:o.. e 

Fig. 21.1. Extent of lymph node clearance (a, d, c, d, e) in resectable 
gallbladder tumor. 
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invasion are also very high [65, 75]. Besides, the positi- 

ve surgical margin status is reported as 24% after sim- 

ple cholecystectomy for this subgroup of patients. The- 
refore, the most acceptable operation for T2 tumors is 

extended cholecystectomy, including the first and se- 

cond level nodes [65]. Especially among patients with 

inapparent pT2 tumors incidentally found at simple 

cholecystectomy, those with subserosal invasion >2 

mm, or with positive surgical margins are suitable can- 

didates for radical resection, since they have a substan- 

tial survival benefit from a more extensive operation 

[53,76]. 

2 1 a . 9 .  R e s e c t a b l e  M a l i g n a n t  T u m o r  

P r e o p e r a t i v e l y  S u s p e c t e d  or  C o n f i r m e d  

Although the correct preoperative rate of diagnosis of 

GBC remains very low, over one-third of patients 

present with obstructive jaundice, many of whom will 

be correctly diagnosed as having malignant tumor of 

the biliary tract. Preoperative investigation with ultra- 

sonography, CT scan, MRI cholangiography and angio- 

graphy, and patient's parameters, such as age and clini- 
cal status, can determine whether the patient is a suita- 

ble candidate for radical surgery or not (fig. 21a.2, 21a.3). 

Stage II-IVa GBCs can be treated with radical surge- 
ry. For patients with stage II disease, extended chole- 

Fig. 21a.2. CT in gallbladder cancer with stones. 

Fig. 21a.3. MRI of the patien of the previous figure (21.1) with gall- 
bladder cancer and stones. 

cystectomy is the most reasonable operation. For pa- 

tients with stage III, extended cholecystectomy could 
be a sufficient operation [77]. For these patients the 
likelihood of a positive lymph nodes of first and se- 

cond level, and also lymphatic, venous, or perineural 
invasion are extremely high. A survival benefit has 

been obtained with extended lymphadenectomy, since 

this operation offers a 16% 5-year survival rate, com- 

pared with no 5-year survival after simple cholecyste- 

ctomy [65]. 
For patients with locally advanced disease, exten- 

ded cholecystectomy is not a sufficient operation. 
Extended resections, including resection of the extra- 
hepatic bile duct and/or bowel resections for direct 
involvement of the duodenum, small bowel, or colon 
are recommended, as all known disease can be remo- 
ved with such an operation [44, 72]. Extended right 

hepatectomy can be performed when the right portal 

triad is involved by direct extension of the primary 

tumor. Several Japanese groups suggest combined ma- 

jor hepatic and pancreatic resections, the so-called he- 

patopancreatoduodenectomy with survival benefit for 

patients with stage III or IVa [78, 79]. This operation is 

the optimal strategy in the treatment of advanced GBC, 
according to Japanese surgeons [77]. Surgical benefits 
may be obtained for patients with peripancreatic 

lymph node metastases or perineural invasion. How- 
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ever, a minimal likelihood of cure exists when the 

tumor has massively invaded the bile duct and regional 
lymph nodes [77]. Western surgeons, on the other 
hand, have not adopted this aggressive operation for 
GBC. Extension of regional lymphadenectomy to para- 
aortic nodes has been suggested, but this does not 

seem to add any survival benefit for cases with invol- 

vement of celiac, superior mesenteric, or paraaortic 

lymph nodes [44, 80]. 
For those patients with non-resectable lesions, so- 

me form of palliative procedure should be applied. A 

considerable number of patients need palliation for 
jaundice or cholangitis, as well as gastric outlet obstru- 
ction. Palliative procedures commonly performed for 
jaundice include Roux-en-Y or jejunal loop anastomo- 
sis with common hepatic duct, left duct, segment III or 

Longmire bilioenteric anastomosis [20]. Segment III 
bypass is preferred by most authors despite the increa- 

sed morbidity rate-50% in several series [81]. Malig- 

nant obstruction of this anastomosis does not occur 

until a late stage and prolonged relief of jaundice is 

usually obtained. The procedure is recommended even 
for patients with obstructed hepatic duct confluence, 

provided severe cholangitis is not present [82]. 
Symptoms of gastric outlet obstruction are present 

in up to 30% of patients with advanced GBC. Gastro- 
jejunostomy is the preferable procedure to relieve 
symptoms [20]. The procedure has a mortality rate of 

7% and morbidity of 42% [83]. When gastric outlet ob- 
struction coexists with biliary obstruction, the morbi- 

dity and mortality are much higher. 
For elderly and debilitated patients with advanced 

disease radiological or endoscopic stenting is an option 
for palliative treatment. However, endoprosthesis 
insertion carries a significant morbidity and mortality 
rate. Tube blockage or displacement, recurrent cholan- 
girls, although less common with the newer expanda- 
ble metallic stents, remain a serious problem [17]. In a 
meta-analysis of biliary bypass versus biliary stenting, 

long-term results did not show any significant advanta- 

ge of one over the other [84]. However, bypass surgery 

allows patients to return home without stents and tu- 

bes, and without further requirement for repeated in- 

terventions, offering a better quality of life. 

21 a. 10. Advanced Malignancy 

When there is clinical or radiological evidence for ad- 
vanced malignancy, such as large abdominal mass, as- 
cites or distant metastases, a choice between surgical 
palliation or chemotherapy should be made. Laparoto- 

my alone, often performed in the past to assess the sta- 

ge of the disease, and/or feasibility of surgical pallia- 

tion, carries a significant morbidity and mortality rate 

and should therefore be 

Avoided [20, 85]. Laparotomy for biopsy alone is 

no longer justified, since percutaneous fine needle 
cytology can yield a positive diagnosis in the majority 

of cases [ 17]. 
Chemotherapy seems to have little effect in patients 

with advanced GBC. The most commonly used drug 

for chemotherapy is 5' fluorouracil (5-FU). A bolus in- 
jection of 5-FU has yielded response rates ranging 

from 10 to 24% [86]. Another drug used for the treat- 

ment of inoperable GBC is mitomycin C [87]. Cisplatin 

has also been used in combination with 5-FU for 

unresectable lesions and for resected lesions with re- 

currence [88]. The role of regional chemotherapy has 

not been fully investigated in GBC. Japanese authors 
have shown satisfactory response rates in downstaging 
tumor by preoperative systemic or regional chemothe- 
rapy [88, 89]. Nonetheless superselective intra-arterial 
chemotherapy with mitomycin for GBC may have a 

satisfactory response rate and may yield a significantly 

better patient survival [90]. 
The role of radiotherapy in the treatment of GBC 

has not been well defined. However, in several centers 
postoperative radiotherapy and/or adjuvant radioche- 
motherapy is commonly used for advanced GBC [83]. 
Intraoperative radiotherapy in patients with malignant 
bile duct obstruction due to GBC may produce resolu- 
tion of biliary strictures, without prolonging long-term 
survival [ 17, 91 ]. 

External beam irradiation has also been suggested 

after apparently curative surgery with encouraging 

results [92]. In general, chemotherapy and radiothera- 

py have yielded disappointing results in the treatment 

of advanced GBC, because most of the patients under- 

going these forms of treatment have already dissemi- 

nated malignancy. 
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2 la.  11. Prognosis 

The overall outcome of the disease is dismal with the 

overall 5-year survival rate being less than 5% and a 

median survival of 5 to 8 months. Classical reports 

from the 1970s had introduced an almost total pessi- 

mism regarding any possibility of effective therapy for 

GBC. Piehler and Circhlow [93] analyzed 58 [36] cases 

with GBC from 1960 to 1978 and found a one-year 

survival of 11.8% and 5-year survival of 4.1%. The best 

survival was achieved in patients with incidentally 

found tumors at cholecystectomy specimens-even in 

this group of patients the 5-year survival was only 

14.9%. Only 25% were operated on with curative 

intent and of these only 16.5% survived 5 years. A re- 

cent report from France recorded similar results [94]: 

the median survival being only 3 months, the 5-year 

survival 5% and the one year survival 14% among 724 

patients with GBC. They did not observe any substan- 

tial difference among the different surgical procedures 

and they concluded that there was no progress in the 

treatment of GBC. 

In the pastone or two decades, a more positive 

approach has prevailed in the treatment of GBC, due to 

advances in surgical techniques, which has allowed the 

successful performance of extended resections [94]. 

Indeed, the low morbidity achieved in the recent years 

by extended operations involving the liver, bile duct, 

and pancreas has contributed to a change in our atti- 

tude regarding treatment of this cancer [44, 68, 73, 94]. 

The surgical strategy and associated prognosis de- 

pends on the stage of the disease. 

Patients with T1 disease incidentally diagnosed 

after a simple cholecystectomy do not usually require 

any further surgery and the 5-year survival rate is 95% 

[95]. Despite the fact that a number of reports of early 

recurrence after simple cholecystectomy for T1 tumors 

have been published [94, 96], there is no justification 

for more extended resections, with their higher mor- 

bidity and mortality rates, for these tumors. 

Patients with T2 tumors are candidates for exten- 

ded cholecystectomy, as this exterminates any spread 

of the disease by local invasion or via lymphatics [94, 

95]. A radical second resection provides a significant 

survival benefit mainly for patients with deep subsero- 

sal invasion (>2 cm) [76], or for patients whose surgi- 

cal margin was cancer positive at the initial cholecyste- 

ctomy [53]. In these patients post-resectional 5-year 

survival rate ranges from 50% to 60%. 

The surgical attitude towards locally advanced 

tumors (T3 and T4) remains controversial. The long- 

term outcome of patients With T3 tumors is generally 

poor, since spread of the residual tumor makes it diffi- 

cult to remove cancer cells completely. However, the 

reduction in the short term morbidity and mortality 

rates after major hepatobiliopancreatic surgery has 

allowed the appliance of extirpative operations in the 

management of GBC. Frena et al [94] reported a one- 

year actuarial survival rate of 53.8% in a small number 

of patients with T3 and T4 tumors who were treated 

radically with major surgery. Cubertafond et al [85] re- 

ported that no patients with T3 and T4 tumors survi- 

ved more than 36 months after extensive surgery. On 

the other hand Japanese surgeons reported more en- 

couraging results. Toyonaga et al [53] reported that 

radical second resection lengthened the median survi- 

val time from 7 to 15 months in a small number of pa- 

tients with T3 tumors. Miyazaki et al [97] reported that 

the mean survival of patients with T3 and T4 tumors 

after curative resection was approximately 2 years, 

whereas after noncurative resection it was only 4 

months. Other authors report 5-year survival rate for 

stage III and IVA disease (Table 2) to be 33-57% and 

17-33% respectively, after extensive surgery [73, 98, 

99]. In addition, Todoroki et al [100] have shown that 

radical resection improves the prognosis even for stage 

IV disease, provided that gross tumor resection is com- 

bined with radiotherapy. This suggests the additive 

role of surgery and adjuvant therapy in Changing the 
natural history of GBC4. 

According to AJCC classification [101] GBC patients 

are subdivided into two groups, those with stage I or II 

disease, in whom cancer is confined to the gallbladder 

(T1-T2, NO) and is amenable to radical resection, and 

those with stage III or IV, the majority of patients, in 

whom there are already regional (N1) or remote (N2) 

lymph node metastases, indicating disseminated disea- 

se. In the second group of patients surgery can only be 

palliative. According to Frena et al [94] one and 5-year 

survival rates of stage I-II patients are 100% and 75% 

respectively, whereas survival rates for stage III and IV 

patients are only 59.9% and 0%, respectively. This 

indicates that the presence of positive lymph nodes in 

GBC dramatically affects survival. Patients with N1 



G. Karatzas, E. Misiakos 275 

disease should also be offered  resect ion  wi th  curative 

intent-  though not feasible, because  this has been  pro- 

ven to yield a bet ter  life expec tancy  in patients with sta- 

ge III (T3N1M0) and stage IV (T4N1M0) disease (66.6% 
one-year  survival). Palliative surgery in these pat ients  

could not offer any chance for survival at one  year [94]. 

The ou t come  for stage IV pat ients  (mainly  stage 

IVB) remains  disappoint ing.  In these pat ients  radical 

resect ion is not applicable. Palliative surgery may offer 

t empora ry  symptomat ic  relief f rom symptoms ,  but 

cannot  pro long  survival. Lai [102] r epo r t ed  that the 

result for stage IV patients  was poor.  All pat ients  d ied  

wi thin  a few months  with  the excep t ion  of one  patient  

w h o  survived for 16 months .  Adjuvant  t r ea tment  tar- 

get ing locoregional  disease such as r ad io the rapy  a n d /  

or systemic c h e m o t h e r a p y  is often used wi thout  hav- 

ing any substantial impact  on disease survival [103]. 
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BILE DUCT CANCER 

G. Karatzas, E. Misiakos 

21b.12.  Incidence 

Cholangiocarcinoma (CCA) is the primary cancer of 

the biliary tree. It is broadly divided into intrahepatic, 

extrahepatic hilar tumors and extrahepatic distal bile 

duct tumors, according to its anatomic distribution 

within the biliary tree [1]. It is an epithelial neoplasm, 

adenocarcinoma in most cases. Although it comprises 

about 10%-15% of hepatobiliary neoplasms, its inci- 

dence is increasing globally [2, 3]. The annual inciden- 

ce of CCA is approximately 1.0 per 100,000 in the Uni- 

ted States, 7.3 per 100,000 in Israel, 6.5 per 100,000 

among American Indians, 5.5 per 100,000 in Japan [4], 

and 2 per 100,000 in England and Wales [5]. However, 

this increase is mainly due to a sharp rise in the inci- 

dence of intrahepatic cholangiocarcinoma, whereas 

the incidence of extrahepatic cholangiocarcinoma seems 

to have declined the last two decades [6]. Using the 

Surveillance Epidemiology and End Results (SEER) 

database, which represents 10-14% of the total US po- 

pulation, the age adjusted incidence of intrahepatic 

CCA has increased by 165%, from 0.32 per 100,000 

population during 1975-1979 to 0.85 per 100,000 du- 
ring 1995-1999 [2, 12]. This rise occurred across all age 
groups, especially those older than 65 years, and in 

both sexes. In addition, the rising incidence does not 

seem to be plateauing, as would be expected if it were 

due to an improvement in diagnostic techniques, such 

as computerized tomography (CT), magnetic resonan- 

ce imaging (MRI), or endoscopic retrograde cholangio- 

pancreatography (ERCP), which have gained wide 
acceptance during the last one-two decades [2, 5]. The 
incidence of intrahepatic CCA varies widely across the 

world: it is more common in Asia, especially in nort- 

heast Thailand (96/100,000 in men and 38/100,000 in 

women), probably due to the high prevalence of liver 
fluke infestations [2, 6]. 

Incidence and mortality rates for extrahepatic CCA 

seem to be declining worldwide [2, 13]. According to 

SEER data, the US age-standardized mortality rates for 

extrahepatic tumors dropped from 0.6 per 100,000 

population in 1979 to 0.3 per 100,000 in 1998. Also the 

age-standardized incidence rates decreased from 1.08 

per 100,000 to 0.82 per 100,000 in the same period [2, 

14]. The data for extrahepatic CCA are more difficult to 

obtain due to the fact that gallbladder cancers are often 

combined with extrahepatic CCA for coding purposes 

[15]. 

21 b. 13. History 

CCA has been recognized for more than 100 years. The 

first 18 cases of extrahepatic bile duct cancer were 

initially reported by Musser [7] in 1889. Since then two 

major cumulative reports have been published: one by 

Stewart et al in 1936 [8], who reviewed 306 cases of 

extrahepatic bile duct cancer and one by Sako et al [9], 

who found 570 additional cases in the literature, from 

1935 to 1954. The first cases of intrahepatic CCA have 

been reported by Altemeier in 1957 [10]. Klatskin in 

1965 [11] reported the first case series of patients with 

tumors of the hepatic duct bifurcation-from this report 

the term "Klatskin tumor" originated. After a decade 

the French surgeon H. Bismuth classified hilar CCA 

according to location in the biliary ducts [16, 17].-More 

recent advances include progress in the understanding 

of tumor genetics, the improvement in diagnostic te- 

chniques and more aggressive surgical approaches in- 

cluding radical resection and liver transplantation [4]. 

21 b. 14. RiSk Factors 

The precise cellular origin of CCA remains unknown. 

However, there is experimental evidence that certain 

carcinogens may induce neoplastic differentiation of 

liver stem cells resulting in CCA [4]. There are several 

risk factors, which are implicated in the pathogenesis 

of this tumor. Most of them seem to be associated with 
chronic inflammation of the biliary epithelium. 

2 lb. 14.1. Hepatolithiasis 

Cholelithiasis is present in up to one third of patients 

with CCA [4, 16], which is not dramatically different 

from what should be expected in an elderly popula- 

tion. Therefore there should be an association between 

cholelithiasis and cholangiocarcinoma; however a clear 
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cause-and-effect relationship has not been established. 

In contrast, hepatolithiasis is a definitive risk factor for 

CCA. Although rare in the west, hepatolithiasis is ende- 

mic in certain parts of East Asia, and is associated par- 
ticularly with peripheral intrahepatic CCA [2]. Up to 

10% of patients with intrahepatic biliary stones deve- 

lop this tumor [17]. In Taiwan, up to 70% of patients 

with CCA undergoing surgery have hepatolithiasis, and 

in Japan this figure is 6-18% [18, 19]. Biliary stones 

may cause bile stasis, which predisposes to recurrem 

bacterial infection and inflammation of the biliary tree, 

a potential predisposing factor for the development of 

CCA [15]. The cancer risk is apparent with biliary sto- 

nes, even in the absence of secondary infestation with 
liver flukes [4]. 

2 lb. 14.2. Parasitic Infection 

For almost four decades, a pathogenic association has 

been detected between the liver fluke Clonorchis si- 

nensis and cholangiocarcinoma [20, 21]. Clonorchiasis 

is common in Asia, where the ingestion of raw fish is 

common. This parasite gains entry through the host 

duodenal mucosa. It mainly inhabits the human intra- 
hepatic, or less commonly the extrahepatic biliary ducts. 

The adult worms measure up to 25 mm long, and they 

may obstruct the bile flow and cause periductal fibrosis 

and hyperplasia, which are conditions predisposing to 

CCA [4]. Another liver fluke, Opisthorcis viverrini has 

been implicated more recently in the pathogenesis of 
CCA. Most epidemiological data are from Thailand, 

which has the highest incidence of CCA worldwide 

(87 per 100,000 population) and where almost 7 mil- 
lion people have opisthorchiasis [22, 23]. Adult worms 
also inhabit and lay eggs in the biliary system produ- 

cing inflammation predisposing to CCA. Ingestion of 
nitrosamines may also play a role in the increased inci- 

dence of CCA in this region. 

present two decades earlier than patients with spora- 

dic CCA [4]. One explanation for the origin of chole- 

dochal cysts and the subsequent formation of CCA is 

the finding of a high entry of the pancreatic into the 
extrahepatic biliary tree in these patients [26, 27]. It is 

evident that reflux of pancreatic secretions into the 

bile duct may cause malignant changes of the bile duct 

epithelium. Additional factors may include biliary 

stasis, activation of bile acids, and deconjugation of 

carcinogens. Bile duct adenomas and biliary papillo- 

matosis are also predisposing conditions for the deve- 

lopment of CCA. It is believed that individuals who are 

heterozygous for bile salt transporter polymorphisms 
have an increased predisposition to malignant transfor- 

mation after exposure to factors producing chronic 

inflammation in the biliary tree [15]. 

21b.14.4. Primary Sclerosing Cholangitis 

Primary sclerosing cholangitis (PSC) is the most 

known predisposing condition for CCA in the Western 

countries: CCA rates of 8-40% have been reported in 

patients with PSC in clinical studies and necropsy 
specimens [2]. Furthermore previously unrecognized 

CCA has been noted in 9 to 36% of patients undergo- 

ing orthotopic liver transplantation for PSC [28, 29]. 
These patients develop malignancy within 2 years of 

the diagnosis of PSC. Two thirds of patients with PSC 
have associated inflammatory bowel disease, especial- 

ly ulcerative colitis [30]. An association between ulce- 
rative colitis and CCA has been established according 

to some authors [31, 32]. The incidence of CCA in 
patients with ulcerative colitis ranges from 0.14% to 
1.4%, which is a figure 400 to 1000 times greater than 
the one in the general population. However, there are 
more recent studies which could not establish an 
association between the risk of CCA and the presence 

or severity of inflammatory bowel disease [30, 33]. 

21b.14.3. Congenital Biliary Cysts 

Congenital anomalies of the biliary tree associated 

with choledochal cysts, Caroli' syndrome, or congeni- 

tal hepatic fibrosis carry a 15% risk of malignant trans- 

formation after the second decade at a mean age of 34 

years [24]. The overall incidence of CCA in patients 

with untreated cysts is up to 28% [25]. Patients with 

cystic dilatations of the bile duct who have CCA usually 

21 b. 14.5. Chemical Carcinogens 

Several chemical carcinogens and drugs have been 

implicated in the pathogenesis of CCA. Thorotrast, a 

radiological contrast agent widely used in the 1930s 

and 1940s was banned in the 1960s for its carcinoge- 
nenic properties; it causes microsatellite instability, 

followed by clonal expansion of cholangiocytes and 

inactivation of hMLH1 [34]. This agent has been stron- 
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gly associated with the development of CCA many 
years after exposure, increasing the risk to 300 times 
that of the general population [2, 35]. Chemicals that 
may potentially cause CCA include several by-products 

of the rubber and chemical industries, including dio- 
xins and nitrosamines [36], asbestos [37], and poly- 

chlorinated biphenyls [38]. In particular nitrosamines 

found in cured meat have been associated with 

carcinogenesis of CCA [4]. Drugs also implicated in the 
pathogenesis of CCA include isoniazid, methyldopa, 

and oral contraceptives [4, 39]. Alcohol and smoking 
are also implicated in the pathogenesis of CCA [40]. 

21b.14.6. Viral Hepatitis 

Hepatitis B and C viruses have been linked to CCA de- 

velopment. A prospective controlled study from Japan 

reported a 3.5% risk of developing CCA at 10 years in 
patients with hepatitis C cirrhosis, which is a figure 
1000 times greater than that in the general population 
[41]. In another study from Italy, 23% of patients with 
CCA were positive for hepatitis C virus antibodies and 
11.5% were positive for HbsAg antigen, compared 
with 6% and 5.5% of control subjects, respectively 
[42]. Hepatitis C virus is a well established risk factor 

for hepatocellular carcinoma and both cholangiocytes 

and hepatocytes-have the same progenitor cell, indica- 

ting a possible role of for the virus in the pathogenesis 
of CCA as well. Furthermore, RNA form hepatitis C 

virus has been detected in CCA tissue in a Chinese 

study [43]. 

21b.14.7. Dietary and Other Factors 

A recent study performed in Japan, the Japan Collabo- 
rative Cohort Study, has evaluated risk factors for CCA 
and gallbladder carcinoma (GBC) [44]. According to 
this study, high intake of fried food was a factor that 
significantly elevated the risk of the diseases, whereas 
high intake of boiled beans had a significant preven- 

tive relation to the diseases in females. Similarly, high 

consumption of fish had a preventive relation to CCA 

in males and GBC in females. Other factors, such as hi- 
story of blood transfusion and constipation-bowel mo- 

vements less than once per 6 days, elevated the risk of 
the diseases. 

21 b. 15. Molecular Pathogenesis 

It is generally accepted that the milieu of chronic bilia- 
ry inflammation and cholestasis leads to the produ- 
ction of cytokines and reactive oxygen species, which 
causes irreversible DNA damage [45] at the cellular le- 
vel. As every cancer, CCA possesses molecular mecha- 
nisms to promote growth and proliferation, avoid apop- 
tosis, and invade surrounding tissues and produce 
metastases [6]. Several studies have shown abnormal 
expression of the K-ras oncogene in 21-100% of cases 
and the p53 tumor suppressor gene in 37% of cases 
[46]. In addition, it has been shown that the inactiva- 
tion of p16 is an early step in the carcinogenesis of in- 
trahepatic CCA arising in hepatolithiasis [47]. Increased 
expression of c-met and c-erbB-2 proto-oncogenes has 
been shown and most likely promote the metastatic 
potential of the intrahepatic CCA [48]. Interleukin 6 
(IL-6) [49] and increased cyclooxygenase isoenzyme 
expression [50] are also related to autologous prolifera- 
tion signaling in intrahepatic CCA. Indeed selective 
Cox-2 inhibitors have been shown to inhibit CCA cell 
growth in experimental or in vitro models [51]. Several 
anti-apoptotic proteins, such as mcl-1 and Bcl-xl, are also 
expressed [52]. It has also been shown that Ecadherin, 
a-catenin, and b-catenin, proteins normally expressed 
in biliary cells, are gradually down-regulated during 
neoplastic transformation in a manner that expresses 
the tumor grade and invasiveness [53]. 

Several other genes, such as RAB27B, TIMP3, and 
EMP2 were found upregulated in tumors with lymph 
node involvement [54]. In addition VEGF-C, a lym- 
phangiogenic factor, has been shown to play an impor- 
tant role in the lymph node metastasis of intrahepatic 
CCA [55]. Continuous research in the field of tumori- 
genesis of CCA will doubtless contribute to the deve- 
lopment of diagnostic and therapeutic strategies for 
this type of cancer. 

21 b. 16. Location 

According to its location in the biliary tree, CCA is 
classified into intrahepatic and extrahepatic type. The 
intrahepatic tumors are classified macroscopically into 
four growth types: 1) mass forming, 2) periductal in- 
filtrating, 3) mass forming plus periductal infiltrating, 
and 4) intraductal [56]. 
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Fig. 21b.4. a. Anatomical locations of extrahepatic biliary tumors. 
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Fig. 21b.4. b. Bismuth classification for the extrahepatic cholangio- 
carcinoma. 

The extrahepatic tumors are further divided into: 1) 

hilar or Klatskin, 2) middle, and 3) distal tumors (fig. 
21b.4 a). Klatskin tumors represent approximately 60% 
of all extrahepatic tumors [6]. Bismuth and Corlette 
have classified all hilar CCA into 5 major types accor- 

ding to the biliary segment affected by tumor (fig. 

21b.4 b). Type I affects the common hepatic duct. Type 

II affects the common hepatic duct and the confluence 
of the right and left hepatic ducts. Type III involves the 

common hepatic duct and either the right or left hepa- 

tic duct. Type IV involves the confluence of the hepatic 

ducts and extends to both the right and left hepatic 

ducts or involves multifocal bile duct tumors (fig. 

21b.5). 
Macroscopically, extrahepatic CCA presents as scle- 

rosing, nodular, or papillary phenotypes [56]. The scle- 

rosing type is the most common; it is characterized by 
annular thickening of the bile duct wall due to infiltra- 

tion of the periductal connective tissue. 

2 lb.  17. Pathology and Staging 

Adenocarcinoma accounts for more than 95% of CCA, 

whether it is extrahepatic or intrahepatic. Other histo- 

logic types of CCA have been reported, including squa- 

mous or mucoepidermoid carcinoma, papillary carci- 

noma, leiosarcoma, rhabdomyosarcoma, cystadeno- 

carcinoma, carcinoid tumor etc [4, 6, 57, 58]. 

Poorly differentiated CCA is not uncommon and is 

characterized by scarce malignant cells dispersed in a 

fibrous stroma. However, in well differentiated adeno- 

carcinoma it is often hard to distinguish the presence 
of malignancy, since the distinction between inflam- 

matory reaction of bile duct epithelium and malignan- 
cy is difficult, especially in the presence of biliary stasis 
and/or sepsis. The presence of at least two of the fol- 

lowing characteristics confirms the diagnosis of CCA: 

1) variation of nuclear size, 2) formation of distended 

intracytoplasmic lumina, 3) positive reaction to carci- 

noembryonic antigen (CEA). 4) neural invasion [59]. 

CCA staging is based on the tumor-node-metastasis 

(TNM) classification of the American Joint Commis- 

sion on Cancer or the Union Internationale Contre le 

Cancer (AJCC/UICC) [60]. Today we follow the 6th 
Edition of the AJCC/UICC staging system [61, 62] 
which is analyzed in tables 21b.3 and 21b.4. In Japan a 
more complex system has been introduced by the Ja- 

panese Society of Biliary Surgey (JSBS), containing 
more precise description of tumor invasion of adjacent 

organs and blood vessels [63]. 

2 lb .18.  Clinical Presentation 

CCA usually appears after the 4th decade of life. This 

cancer is often silent for long periods of time. During 

the prodromal period, which may last from 1 to 120 

months there may be anorexia and malaise and modest 

weight loss. Some patients, though completely asym- 

ptomatic, are diagnosed early during an investigation 

based on an isolated rise in serum alkaline phosphatase 

level [6]. This occurs because lobar or segmental ductal 
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unremitting painless jaundice is the predominant sym- 

ptom in most cases. Cholangitis is an unusual presenta- 

tion. 

Biliary pain is almost never present in mid and high 

bile duct tumors, in the absence of biliary lithiasis. 

However, a dull pain may be present in periampullary 

lesions, even in the absence of stones. However, gall- 

stones or common bile duct stones may coexist with 

CCA. Therefore meticulous preoperative investigation 

of any obstructing lesion is essential lest an underlying 

malignancy is overlooked [64]. 

Physical examination reveals evident obstructive 

jaundice together with a modest painless enlargement 

of the liver, usually without a prominent liver mass. 

Ascites may be present in advanced cases with liver in- 

volvement. Cachexia and weight loss are usually present. 

Tis, tumor in situ (T). 

obstruction is commonly incomplete [64]. Other patients 

with papillary tumors may present with unexplained 

iron deficiency anemia, due to continuous bleeding or 

with intermittent fever. Occasionally an abdominal mass 

may be the only finding in asymptomatic patients. The- 

se nonspecific symptoms are common for tumors arising 

within the intrahepatic ducts of the liver parenchyma. 

In extrahepatic CCA the leading symptom is pain- 

less obstructive jaundice accompanied by pale stools, 

dark urine and pruritus [6]. In some cases there may be 

an initial attack of jaundice indicating the presence of 

malignancy, and in patients with periampullary lesions 

there may be intermittent jaundice. Intermittent jaundi- 

ce may also occur in the rare case of intrahepatic or hilar 

papillomatous lesions [65]. However, progressive and 

21 b. 19. Inves t iga t ive  Techniques 

At presentation most patients with obstructive jaundice 

due to CCA will have a total serum bilirubin level grea- 

ter than 10 mg/dl. The liver enzymes alkaline phos- 

phatase and gamma-glutamyl transpeptidase are also 

elevated, but it is uncommon for the transaminase con- 

centrations to also increase. Increased serum levels of 

alkaline phosphatase with a normal bilirubin may be 

present in case of an asymptomatic intrahepatic CCA 

[6]. Mild anemia is common together with a mild hy- 

poalbuminemia and/or prolonged prothrombin time, 

due to malnutrition or depressed hepatic synthetic 

function [4]. There are no specific tumor markers for 

CCA. Carcinoembryonic antigen (CEA) has unsatisfa- 

ctory sensitivity and specificity for cholangiocarcino- 

ma [46]. Serum CA 19-9 and CA 50 may be elevated in 
patients with CCA, but levels may drop as biliary obstru- 

ction is relieved. In a series of patients without PSC, 

the sensitivity of CA 19-9 concentrations of more than 

100 U/mL in diagnosing CCA was estimated as 53% [66]. 

Radiologic evaluation is essential for diagnosis, stu- 

dy of the extent of the disease and planning of treat- 

ment. The primary investigation for a suspected CCA is 

a transabdominal ultrasound scan, which may localize 

the site of obstruction, diagnose coexistent biliary li- 

thiasis, and detect bile duct dilatation. In the case of 

proximal. (hilar) lesions, intrahepatic duct dilatation 

with normal diameter extrahepatic ducts is usually 
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seen. In the case of distal lesions, both intrahepatic and 

extrahepatic ducts are dilated [67]. 

Standard computerized tomography (CT) can visu- 

alize the tumor in only 40% of cases [68]. Bolus-enhan- 

ced CT scans can detect the tumor in 59% of cases (fig. 

21b.5 a, 21b.5 b) [4]. In case of extrahepatic CCA, the 

primary lesion is usual-ly not visible [69], whereas the 

effect of tumor obstru-ction on the bile ducts (ie, dila- 

tion) and the hepatic lobes (ie, atrophy/hypertrophy) 

is seen [6]. Intrahepatic CCA usually presents with de- 

layed venous phase enhancement of a hypodense le- 

sion after contrast administration. Today, contrast-en- 

hanced, triple phase, helical CT can easily detect intra- 

hepatic CCAs of greater than 1 cm, defining the level 

of biliary obstruction and the presence of lymphade- 

nopathy [70]. 

Magnetic resonance imaging (MRD has been pro- 

ven more sensitive than CT in detecting these small tu- 

mors [4]. MRI and CT are the principal approaches to 

visualizingperipheral tumor growth [71]. On cross-se- 

ctional MR imaging, CCA appears as a hypointense sig- 

nal on Tl-weighted images and as a moderately inten- 

se lesion on T2-weighted images. Magnetic resonance 
cholangiopancreatography (MRCP) has several advan- 

tages over conventional CT in delineating the biliary 

system. Thfs technique can provide a three-dimensio- 

nal computerized reconstruction of the biliary tree, the 

anatomy of the tumor, invasion of liver parenchyma, 

vessel encasement, local lymphadenopathy, and distant 

metastases [72]. The non-invasively acquired cholan- 

giographic images obtained at MRCP are comparable 

to invasive cholangiography (endoscopic retrograde 

cholangiopancreatography [ERCP] and percutaneous 

transhepatic cholangiopancreatography [PTC] in dete- 

cting the level and characteristics of biliary obstruction 

[73]. With MRCP undrained bile ducts can be delinea- 

ted without injection of contrast, thus avoiding the 

possibility of cholangitis [72]. For the above reasons 

MRCP has become the imaging method of choice in 

defining the morphology and extent of biliary tumors 

and assessing respectability. 

However, recently the multi-slice three dimensio- 

nal spiral CT cholangiography (3-D CTC) has been in- 

troduced as an accurate technique for the imaging of 

the biliary tree. 
In a recent study 3-D CTC was found superior to 

conventional CT and ultrasonography in the diagnosis 

Fig. 21b.5. a-b. Two differences sections of CT in a patient with in- 
trahepatic cholangiocarcinoma. 

of extrahepatic and hilar CCA, and equivalent to ERCP 
in the diagnosis of hilar CCA [74]. Another prospective 

study comparing 3-D CTC with MRCP concluded that 

3-D CTC is almost equivalent to MRCP for the imaging 
of biliary obstruction, and therefore can be used in 

individuals for whom MRI is contraindicated [75]. 

Positron emission tornography (PET)provides me- 

tabolic information of tumors rather than anatomic da- 

ta on tumor location. In a study by Wakabayashi et al, 

2-deoxy-[18F] fluoro-D-glucose (FDG) PET has been 

shown to have a sensitivity and specificity of 90 and 

78% respectively, in diagnosing CCA, compared to 86 

and 56% for CT scanning and 64 and 100% for 

cytological examination of bile [76]. In another study 

by Petrowsky H, et al [77], a novel fusion technique of 

combined PET and CT scan has been shown as an 
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accurate method in diagnosing the primary intra- and 

extra hepatic CCAs. The technique can detect nodulal 

CCAs as small as 1 cm, but it is less accurate for infiltra- 

ting tumors [78]. It was also valuable in detecting un- 

suspected distant metastases, which are not diagnosed 

by standard imaging modalities. Therefore, the PET/ 

CT staging may have an important impact on selection 

of appropriate treatment. 

The two invasive cholangiographies are of great 

value in the diagnosis of CCA. ERCP and PTC can deli- 

neate the location of the malignant stricture and pre- 

sent the precise imaging of the biliary tree, but have, as 

main disadvantages, the risk of biliary leakage, duode- 

nal perforation, bleeding, and pancreatitis. The choice 

between ERCP and PTC is largely dependent upon lo- 

cal expertise, and failure of one or other technique. For 

example ERCP may fail to efficiently delineate the pro- 

ximal lesions; for the latter PTC is the procedure of 

choice [15]. ERCP also offers the advantage over non 

invasive tests in that tissue samples can be obtained by 

brush cytology. However, the sensitivity of brush cyto- 

logy for diagnosing CCA has been poor [69]. The sensi- 

tivity of the method could be increased by new analy- 

sis techniques, such as nuorescence in-situ hybridiza- 
tion and digital image analysis [69]. In a large study the 

sensitivity of fluorescence in-situ hybridization was 

significantly better than that of routine brush cytology, 

although specificity was lower for the detection of 

malignancy in biliary tract strictures [79]. 

Endoscopic Ultrasound with fine-needle aspiration 

(EUS-FNA) has emerged as an alternative technique to 

ERCP brushings for establishing the cytological diagno- 

sis of CCA. EUS can be useful in detecting local lymph 
node enlargement and allows fine-needle aspiration of 

the tumor mass or the local lymph nodes. EUS-FNA has 

a greater sensitivity for identifying malignancy than 

ERCP with brushings, as concluded in large studies [80, 

81]. However, in another study EUS was found supe- 

rior to ERCP when a pancreatic tumor was found to be 

the cause of a biliary stricture, whereas ERCP was su- 

perior if a biliary malignancy was suspected [82]. 

2 1 b . 2 0 .  S u r g i c a l  T r e a t m e n t  

2 lb.20.1 .  Preoperative Assessment 

A complete surgical resection with histologically nega- 

Fig. 21b.6. a-b. CT sections in the patien with cholangiocarcinoma 
after left hepatectomy. 

rive resection margins is the only hope for cure for 
CCA patients (fig. 21b.6 a-b). However, only a minority 

of patients are suitable candidates for surgical rese- 

ction. Therefore, preoperative assessment of resectabi- 

lity is mandatory and should be done by a specialist 

surgical team. Both patient and tumor factors should 

be considered pre-operatively. First the general medi- 

cal condition of the patient in terms of cardiac, respira- 

tory and renal function should be considered before 

surgery. Second in patients with obstructive jaundice, 

the pathophysiological abnormalities associated with 

this condition such as disturbances in hepatic, pancrea- 

tic and immune function, the hemostatic mechanisms, 

the gastrointestinal barrier, and wound healing should 

be taken into account [83]. 
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During preoperative evaluation, almost one third of 

cases will be considered as unresectable. Table 21b.5 

lists the criteria for nonresectable CCA [6, 84]. In addi- 

tion, at laparoscopy, 25 to 30% of patients who were 

thought to be candidates for radical surgery will be 

found to have unresectable disease (about Surgical 
treatment see more  details in chapter 22 and in the 

section III concerning hepatectomies) [85]. 
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ENDOSCOPIC PALLIATIVE 
MANAGEMENT OF THE MALIGNANCIES 
OF THE BILIARY TRACT 

Kon. Goumas, A. Poulou 

21C.21. Introduction 

The main causes of malignant obstruction of the main 
biliary duct are ampullary carcinoma, cholangiocarci- 

noma, adenocarcinoma of the pancreatic head and 
carcinoma of the gallbladder. During diagnosis, most 

of these tumors usually have locally advanced disease 

or distant metastases. Nevertheless, in such cases if an 
accurate tissue diagnosis is obtained, preferably with- 
out the need of laparotomy, it helps us plan further ma- 
nagement [1]. Biliary duct lesions are not always rea- 
dily accessible to biopsy and cytological techniques 
have therefore become the initial diagnostic modality 

in many cases. Brush cytology performed at endosco- 
pic retrograde cholangiopancreatography (ERCP) has 

now become the preferred initial method of pursuing 

tissue diagnosis in many patients with biliary strictures, 
providing a diagnostic sensitivity of 59% (range 42- 
85%) [2]. Percutaneous radiologically guided fine nee- 
dle aspiration (FNA) is an accurate diagnostic techni- 
que but it is operator-dependent and requires a suffi- 
ciently distinct mass lesion for targeting. Endoscopic 
ultrasound-guided FNA biopsy has shown very promis- 
ing results in diagnosing cholangiocarcinoma, but is 

not yet a widely available diagnostic modality [3, 4]. It 
is also expected that the wider availability of cholan- 
gioscopy using the mother-baby endoscope system, as 
well as other innovative methods, such as intraductal 
ultrasound with tissue acquisition, will increase the 
diagnostic accuracy in suspected cases of biliary malig- 
nancies [5]. 

21c.22. Endoscopic or Surgical Palliative 
Management? 

Surgical operation is still the treatment of choice for 

malignant biliary neoplasms. However, only a minority 

of patients are candidates for radical surgical resection 

in the time of diagnosis. The main causes of unresecta- 

bility are locally advanced tumors and metastatic di- 
sease, as well as the advanced age that these patients 
have, accompanied by other serious co-morbidities, 

which increase the postoperative morbidity and mor- 
tality. As a result, in the majority of patients suffering 

from malignant biliary neoplasms, only palliative treat- 
ment would be advisable at the time of diagnosis [1]. 
Most common complications requiring palliation are 
primarily obstructive jaundice resulting from neopla- 

stic compression or invasion of the common bile duct 

and secondarily intestinal obstruction. 
There are three options for palliative treatment in 

patients with malignant billiary stenosis, endoscopic or 

percutaneous-transhepatic stenting and surgical by- 

pass. 
Endoscopic stenting techniques are considered to- 

day as the first line treatment in cases of inoperable or 
unresectable tumors involving the biliary tree. When 
the endoscopic stenting technique fails, the percuta- 
neous-transhepatic route must be taken into considera- 
tion. Compared to surgical by-pass, the endoscopic 

palliative management of patients with malignant bilia- 

ry obstruction is preferable. A lower early complica- 

tion rate, a shorter initial hospital stay and a lower cost 
for the endoscopic treatment groups have been re- 

ported in several retrospective studies [6, 7]. Late 
complications, mainly due to stent dysfunction, occur 
more frequently in patients treated endoscopically [8, 
9]. However, despite readmissions for stent occlusions 
and cholangitis, the total hospital stay was shorter in 
the endoscopically treated patients compared to those 

subjected to surgery. The majority of studies have 

shown that the survival and the successful relief of 
jaundice were similar when comparing surgically and 
endoscopically treated patients. Results of a meta-ana- 
lysis suggest that endoscopic approach is advantageous 
in patients surviving less than 6 months while surgery 
is preferable in patients with a longer survival [10]. 
The type of endoscopic stent that should ideally be 
used, will be discussed later in this chapter. 

In daily practice, many patients with surgically cu- 

rable biliary malignancies undergo preoperative biliary 

stenting because of practical reasons such as delay in 

scheduling surgery, referral of patients to specialized 

surgeons, psychological support of patients etc. How- 

ever, the usefulness of preoperative stenting in this 

group of patients has not been established. The effect 
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of this procedure on postoperative morbidity and mor- 
tality remains controversial with some trials founding 
no effect [11], whereas both increase and decrease in 
postoperative mortality and morbidity rate have been 
reported [12, 13]. In a recent meta-analysis no eviden- 
ce was found of either a positive or adverse effect of 
preoperative biliary stenting, on the outcome of surge- 
ry in patients undergoing pancreaticoduodenectomy 
for pancreatic cancer [ 14]. 

The question of whether or not palliative endosco- 
pic stenting improves or not the quality of life (QOL) 
in jaundiced patients with inoperable or unresectable 
biliary malignancies, is difficult to satisfactorily ans- 
wer, because few studies have addressed this question. 
Huibregtse suggested that improvement in clinical 
jaundice, itching, dyspepsia, anorexia, level of activity 
and feeling of well-being could be anticipated by per- 
forming internal biliary drainage [15]. In a recent pros- 
pective study, 50 patients with inoperable or unrese- 
ctable malignancies involving the biliary tree were 

included [16]. One month after endoscopic stenting, 
improvement in bilirubin level (<14 mg/dl) was asso- 
ciated with significant improvement in social life and 
mental health. 

21 C. 2 3. Technical Aspects 

2 lc.23.1. Technique of Biliary Stenting 

A complete cholangiogram is mandatory to identify 
the location and extent of the stricture. To avoid for- 
ceful contrast injection during ERCP and a subsequent 
cholangitis, especially in hilar strictures involving the 
main hepatic confluence, a preliminary Magnetic Reso- 
nance Cholangiopancreatography (MRCP) could provi- 
de reliable imaging information. After deep selective 
cannulation of the common bile duct (CBD), usually 

with a double lumen sphincterotome, a guidewire is 
manipulated through the stricture and advanced into 
the obstructed bile ducts (fig. 21c.7). In patients without 

coagulation disorders, most endoscopists usually per- 
form a sphincterotomy which facilitates the procedure 

of stent insertion, especially when more than one stent 

is to be used. Hydrophilic guidewires are preferable 
because of their higher efficacy in passing strictures, 
compared with Teflon coated guidewires [17]. After 
tissue sampling by brush cytology or specially desig- 

Fig. 21c.7. Hilar cholangiocarcinoma obstructing both the right and 
the left hepatic ducts. A guidewire has been placed at ERCP across 
the biliarg stricture after deep common bile duct cannulation. 

ned endoluminal forceps, hydrostatic dilation of the 
stricture with bougies or dilating balloons is perfor- 
med, in some cases where the strictures are very tight. 

A plastic guiding catheter is then advanced over the 
guidewire and the plastic stent is pushed over the 
complex guidewire-guiding catheter, using, another 
coaxial pushing catheter. Self-expandable metal stents 
are placed over the guide wire alone. When two plastic 
stents are to be inserted (e.g. hilar strictures), it is 
advisable to place the first into the left hepatic duct, 
facilitating the insertion of the second stent into the 
right hepatic duct system. When placing multiple metal 
stents, it is mandatory to first place all guide wires, in 
order to retain access to the opposite side once the 
first stent has been delivered [17]. 

The technical success rate of the procedure is about 
90%, depending mainly on the experience of the endo- 
scopist. After technically completing stenting of the bi- 
le ducts, a more than 80% clinical improvement of the 
patient should be expected. The most common causes 
of stent placement failure are tumors either obstructing 

the duodenum or actually involving the bile duct orifi- 
ce. 
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Fig. 21c.8. The two main types of biliary stents. 
a. Polyethylene (plastic) stents. Several shapes of plastic biliary stents 
are available for use at ERCP (e.g., straight, pigtail etc). 
b. Metal stent (Wallstent, Boston Scientific-Microvasive) partially re- 
leased from its catheter. 

21 c.23.2. Types of Biliary Stents 

There are two main types of biliary stents available, 

namely the plastic and the expandable metal ones (fig. 

21c.8). Each type of biliary stent shares distinct techni- 

cal characteristics as well as advantages and draw- 

backs. The endoscopist should be able to select the most 

suitable stent, according to the biliary stricture chara- 

cteristics as well as the patient's expected survival. 

21 c .23 .2 .1 .  Plastic Stents  

The first endoscopic insertion of a 7-French plastic 

stent was described by Soehendra and Reynders-Fre- 

derix in 1980 [18]. Today, plastic biliary stents still re- 

present a valid therapeutic option for the palliative mana- 

gement of malignant biliary strictures (fig. 21c.9, 21c.10). 

The main problem of plastic stents is their short pa- 

tency rate clue to clogging (fig. 21c. 11), leading to re- 

current jaundice and cholangiitis. Obstruction of pla- 

stic stents commences with the development of a bio- 

film from bile and bacteria on the luminal surface of 

the stent. Although several strategies have been attem- 

pted to prevent stent clogging, the problem remains 

unsolved [19-24]. Most of these methods while initially 

successful in vitro, have been proven unsuccessful in 

vivo. 

Stent patency is also influenced by its luminal 

diameter. Stents of large diameter (10 or 11.5 French) 

remain patent for a significantly longer period of time 

compared with thinner stents (7 or 8.5 French) [25, 

26], whereas no patency differences have been shown 

between the 11.5 French-stents and the l O-French- 

stents [27]. Therefore, lO-French-stents are the most 

appropriate and effective plastic stents for use in cases 

of malignant biliary obstruction. The length of plastic 

stents may vary from 5 cm to 15 cm and its choice de- 

pends on the stricture location. Whether stent exchan- 

ge should be scheduled every 3 months or whenever 

the clinical or laboratory signs indicate stent clogging, 

increasing the risk of severe cholangitis is still a matter 

of debate. Although recent data are inconclusive [28], 

scheduled stent exchange is advisable in patients who 
live away from referral centers [29]. 

The migration of stent, proximally or distally, oc- 

curs approximately in 3 to 6% of the cases [30], causing 

stent dysfunction or damage to the duodenal wall. In 

most cases, the migrated stent can be removed endo- 

scopically [ 17]. 

2 lc .23.2 .2 .  Metal  S tents  

Self-expandable metal stents (SEMS) were developed 

to overcome the frequent short-term dysfunction of 

plastic stents, mainly due to their clogging. They have 

been used from 1989 and several types of them are 

available. The most common types of SEMS used in 

western countries include the Wallstent (braided stain- 
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Fig. 21¢.9. 
a. Type III. Hilar cholangiocarcinoma (Bismuth classification). 
b. A plastic lO-French stent has been placed at ERCP across the bilia- 
ry stricture, draining the more dilated right hepatic duct system. 

less steel) (Boston Scientific Natick, MA), the Diamond 
Ultraflex (braided Nitilol) (Boston Scientific, Natick, 
MA), the Zilver Stent (laser cut Nitilol) (Wilson Cook, 
Winston-Salem, NC) and the Memotherm (braided Ni- 
tilol) (Bard Inc, Billerica, MA) [17]. All these stents are 
assembled over a 7 to 8 French delivery catheter with 

Fig. 21c.10. 
a. Retrograde cholangiopancreatogram of a pancreatic head adeno- 
carcinoma obstructing both the distal bile duct and the pancreatic 
duct (((double duct sign))). 
b. A plastic lO-French stent has been endoscopically introduced 
across the biliary stricture into the dilated part of the bile duct. Pla- 
stic stents may be used preoperatively, before radical surgery, but 
they also represent a valid therapeutic option for the palliative ma- 
nagement of malignant biliary strictures, in patients with an expe- 
ctancy of living no more than 6 months. 

radiopaque markers facilitating their precise release 
within the bile ducts. When fully expanded, SEMS 
reach a diameter of 30 French and they provide a pa- 
tency rate significantly higher than that of plastic stents 
[31, 32] (fig. 21c.12, 21c.13). No significant differences 
concerning the patency and effectiveness were found 
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Fig. 21c.11. A plastic biliary stent occluded due to clogging, 3 months 
after its placement, in a patient with inoperable distal biliary malig- 
nancy. 

between the Wallstent and the Ultraflex Diamond stent 

at a mean follow-up of 228 days, in patients with distal 

malignant biliary obstruction [33]. 
SEMS may also be obstructed by neoplastic tissue 

ingrowth through their mesh in an overall occlusion 

rate of 22% to 33% [31, 33] (fig. 21c.14). Neoplastic tis- 

sue overgrowth together with bile and sludge may also 

contribute to stent occlussion. Due to their incorpora- 

tion in the neoplastic tissue, uncovered SEMS can not 

usually be removed. To overcome SEMS dysfunction, 

caused by neoplastic tissue ingrowth or overgrowth, 

diathermic cleaning of neoplastic tissue may be tried 

endoscopically. Alternatively, one or more plastic 

stents, or a second metal stent may be inserted inside 

the initial one [34)]. 
Covered SEMS have been recently developed for 

stent protection against tumor ingrowth. Although the- 

se stents have a lower occlusion rate (=14%) [29] 

when compared to uncovered SEMS, they are also 

more prone to migration. Another disadvantage of co- 

vered SEMS is that they cannot be used in intrahepatic 

bile ducts. Using uncovered SEMS there is no risk of 

occluding the cystic, pancreatic or intrahepatic duct 

orifice [35]. 

Fig. 21c.12. 
a. Malignant bile duct stricture in a patient with unresectable cho- 
langiocarcinoma. 
b. A metal self-expandable stent has been placed across the same 
stricture for palliation of jaundice. 

21 c .23 .3 .  C h o i c e  of A p p r o p r i a t e  Stent  

When choosing the more appropriate stent for an indi- 

vidual patient with malignant biliary obstruction, stent 

properties and patient's clinical and anatomical indivi- 

dual characteristics should be taken into account. Pla- 

stic stents tend to be occluded on average after 3 or 4 

months and have a substantial proportion of migration. 

On the other hand, SEMS are more expensive, their 

precise placement is more difficult, they also can be 

blocked, mainly by ingrowth of neoplastic tissue, and 

most of them are not removable. 
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Fig. 21c.13. 
a. Proximal malignant stricture of the common hepatic duct due to 
a locally advanced carcinoma of the gallbladder. 
b. A Wallstent has been placed through the stricture into the right 
hepatic duct. Note a guidewire previously inserted into the left 
hepatic duct. 
c. A second Wallstent has been placed into the left hepatic duct over 
the guidewire in the same patient. 

Fig. 21c.14. 
a. An uncovered biliary Wallstent obstructed by neoplastic tissue 
ingrowth, 14 months after its placement, in a patient with a com- 
mon bile duct cholangiocarcinoma. 
b. To overcome the dysfunction of the obstructed metal stent, a 
second Wallstent has been inserted inside the initial one. 

Plastic stents are equivalent to SEMS in relieving 

jaundice, have a similar percentage of complications 

related to placement and overall survival, whilst also 

contributing to a reduced hospital stay and reduced 

average number of repeated procedures due to stent 

dysfunction. As for the reduced overall cost percentage 

favors SEMS [32, 36-38]. However, it should be noted 

that use of a metal stent could be cost-effective only in 

patients surviving for more than 6 months [38]. Kaassis 

et al showed that the absence of liver metastases is a 

good indicator for favoring SEMS placement [39]. 
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Conclusively,  pat ients  wi th  inoperable  or unrese-  

ctable bile duct  mal ignancies  and  an expec t ed  survival 

of more  than 6 mon ths  should  be m a n a g e d  ei ther  using 

SEMS or wi th  a surgical bypass of the biliary stricture 

whi le  the use of plastic stents should  be rese rved  for 

pat ients  wi th  an expec ted  survival of  less than 6 mon-  

ths. Moreover ,  pat ients  wi th  inoperable  or unresecta-  

ble mal ignant  tumors  of the main  hepat ic  ducts con- 

f luence should be m a n a g e d  ei ther  by the endoscop ic  

or the percutaneous- t ranshepat ic  route techniques,  aim- 

ing at comple te  dra inage and  avoiding sepsis [40, 41]. 
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OPERATIONS OF THE BILIARY 
TECH N ICAL ASPECTS 

TRACT. 

J. Bramis, I.P. Gomatos, M.M. Konstandoulakis 

22.1.  Introduction 

The dramatic improvement in hepatobiliary surgery over 
the past four decades has been one of the important ad- 
vances in surgery. Increasing numbers of hepatobiliary 
operations are being performed by better-trained he- 

patobiliary surgeons, who have learned the techniques 
from their predecessors and made further improve- 
ments. These procedures are indicated for benign and 
malignant diseases of the common bile duct, hepatic 

ducts, liver and pancreas; are performed in the pedia- 
tric population; and may be life saving during the cour- 
se of an emergency laparotomy for injury within the 
hepatoduodenal ligament or the liver hilum. Moreover, 
with the evolution of newer endoscopic, radiologic and 
minimally invasive techniques, the results obtained by 
the time-honored open approach are constantly chal- 
lenged and at times improved. Hence, the hepatobilia- 
ry surgeon not only needs to be aware of the indica- 

tions and contraindications, advantages and disadvanta- 
ges and technical aspects of each single open approach, 
but he/she also needs to have detailed knowledge of 
the newer techniques, in order to be better prepared 
to individualize treatment for each patient. 

22.2. Preoperat ive  Evaluation 

All patients undergoing biliary operations need to have 

a "road map" of the biliary tree before reconstruction 
is undertaken. Invasive procedures -such as endosco- 

pic retrograde cholangiography or, more frequently, 

percutaneous transhepatic cholangiography- and no- 
ninvasive procedures-such as magnetic resonance cho- 

langiography- are used to identify clearly the anatomy 

that may be difficult to delineate intraoperatively. Ap- 
plication of these imaging modalities depends on the 
suspicion of the location of the stricture/tumor; high 
(proximal) stenoses are best studied by percutaneous 
transhepatic cholangiography and low (distal) stenoses 
by endoscopic retrograde cholangiography. Patients 

with contrast allergies are evaluated by magnetic reso- 

nance cholangiography, although we prefer the greater 
resolution of the former tests. Other studies, such as 
computed tomography and ultrasonography, are com- 

plementary and useful for special situations such as cla- 
rifying tumor extension or documenting the presence 
of a biloma. 

22.3. To Stent or Not to Stent 

In cases where surgical intervention is not readily avai- 
lable as well as in patients not amenable to an opera- 

tion, endoscopic biliary stenting has become a routine 

procedure in the management of malignant disease. 
Endoscopic techniques (ie, sphincterotomy, balloon 
dilatation, temporary stenting) have also been used in 
many patients with benign biliary obstruction due to 
postoperative strictures, primary sclerosing cholangitis, 
unremovable stones, and obstruction due to chronic 
pancreatitis, papillary stenosis, and the sump syndrome. 
Patients with obstruction at the liver hilum pose diffi- 

cult management challenges for endoscopic, surgical, 

and radiological intervention. The problem is to achie- 

ve drainage of all obstructed ducts. Currently, it is te- 

chnically possible to place two (or even three) conven- 
tional plastic stents during an endoscopic retrograde 

cholangiopancreatography, using multiple guidewires 

and adjunctive dilatation manoeuvres. Stents come in 
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two basic types: plastic stents with an outer diameter 

up to 12 Fr and self-expanding metal stents of outer 

diameter up to 30 Fr. Self-expanding metal stents are 

easily applied in case of malignant biliary obstruction 

and have complication and peri-procedural mortality 

rates similar to plastic stents. Given their cost, they can 

be recommended for patients expected to survive bey- 

ond six months. Biliary stents have also been placed to 

relieve benign biliary obstructions. The techniques of 
stent placement are identical to those involved in pa- 

tients with malignant disease, except that self-expanding 

metal stents are used only in exceptional circumstances. 
All existing plastic biliary stents occlude eventually, so 

they should be used only on a temporary basis and be 

changed or removed after three to four months, as a 

routine practice. 

The most common indications for transhepatic bi- 

liary drainage are a history of biliary-enteric anastomo- 

sis, significant duodenal or esophageal disease, prior 

failed endoscopic intervention, and, in some cases, high 

obstructions and biliary leaks. Contraindications inclu- 
de uncorrectable coagulopathy (INR greater than 1.5 

and platelet count below 50,000) and ascites. The ideal 
entry site to the ducts is peripheral enough, thus allo- 

wing space for the drainage catheter above the obstru- 

ction and a smooth, direct course. The only firm indica- 

tion for placement of an internal metallic stent is the 

palliation of an unresectable malignant biliary obstru- 

ction. Contraindications to stent placement include be- 

nign biliary obstruction, active cholangitis and biliary 
obstruction with concurrent bowel obstruction. Once 
the stent occludes, treatment options may be very limi- 
ted. Surgical bypass may no longer be an option, be- 
cause a surgically accessible duct above the stent may 
not be available. 

22.4.  General  Principles - Exposure 

Proper exposure is crucial to the safety, ease and effi- 

ciency of any operative procedure. This is a rule for 

hepatobiliary procedures too, because of the size and 

location of the liver and its proximity to major vascular 

structures. Surgeons have developed numerous abdo- 

minal and thoracic incisions to provide adequate access 

to the entire surface of the liver. A complete dissection 

of the liver's ligamentous attachments can provide an 

even better exposure by achieving increased mobility 

of the organ and the surrounding viscera. Most right-si- 

ded resections (segments V-VIII and trisegmentecto- 

mies) are best carried out with the patient in a slightly 

left-side decubitus position, with a bag or roll used to 

elevate the right side 15-30 degrees. Medial or left-si- 

ded resections (segments II-IV) and biliary procedures 

are usually most easily performed with the patient in 

the supine position. The surgeon can choose from a 

number of incisions according to the planned procedu- 

re. The upper midline incision is being favored by 
most surgeons for traumatic liver injuries [1] and by 
some surgeons for elective cases on the biliary tract 

and left lobe of the liver. This incision provides limited 

access to the right side of the liver, may provide limi- 

ted exposure in obese patients or those with a short di- 

stance between the xiphoid and the umbilicus, and has 

a significant incidence of ventral herniation postopera- 

tively [2]. Paramedian, Kocher and interneural right 

upper quadrant incisions are also being popular for so- 

me biliary procedures, but they have only limited use- 
fulness when parenchymal liver transection is required 

because they allowed only limited exposure of the li- 
ver. The bilateral subcostal incision is the most popular 

incision among hepatobiliary surgeons [3, 4]. This inci- 
sion is ideal for exposure of the supra-, retro- and in- 

frahepatic vena cava, excellent exposure of the porta 

hepatis, and room for complete mobilization of the li- 

ver, if necessary. 

Beginning any right upper quadrant procedure with 
an 8 to 10 cm incision approximately 3-4 cm (two fin- 
gerbreadths) inferior to the right costal margin, allows 
quick and easy assessment of the upper abdomen for 
the presence of metastases, the extent of local patholo- 
gy, resectability and any abnormal anatomy. Then, the 
incision can be extended to the right and left subcostal 
regions, since is necessary for providing improved ex- 

posure. Alternatively, laparoscopy may allow a quick, 

minimally invasive assessment of peritoneal metastases 

and, combined with laparoscopic ultrasonography, can 

provide more details about the number and location of 

hepatic tumors and their resectability. A perpendicular 

midline extension to the xiphoid also improves mobi- 

lization of the thoracic and anterior abdominal walls, 

especially in patients with narrow costal angles. In this 

respect, excision of the xiphoid may prove useful. On- 

ce the initial celiotomy is completed, the ligamentum 
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teres hepatis (round ligament) within the falciform li- 
gament can get ligated and divided. This permits a 
complete opening of the wound and placement of the 
surgeon's choice of self-retaining retractor. 

Once the retractor is in place, the liver can be fur- 
ther mobilized by the division of the ligamentous attach- 
ments superiorly and posteriorly. These suspensory li- 
gaments, including the left and right triangular ligaments 
and the anterior and posterior coronary ligaments, 
form a triangular or diamond-shaped area along the 
posterior aspect of the liver that communicates with 

the bare area of the liver and contains the retrohepatic 

inferior vena cava and hepatic veins. Careful division 

of these ligaments enables the elevation and rotation 
of the liver, so as to provide access to the posterior 
right lobe of the liver, the retrohepatic cava, the right 

adrenal gland and the right adrenal vein. Before any 
resection, the easy visualization and access to these 
structures provides a safe means of achieving sufficient 
vascular control. Access to and control of lesser hepa- 
tic veins, emptying into the retrohepatic inferior vena 
cava, can be achieved. However, hepatic rotation must 
be carefully performed, not only because the liver can 
be damaged with compression against any of the sharp 
retractor blades, but also because the liver might fra- 

cture, especially in patients with a friable or fatty liver. 

22.5. Hilar Dissection 

Extrahepatic dissection and control of the porta hepatis 
vessels and bile ducts facilitates resections of lesions 
situated in close apposition to hilar structures, as well 
as other major hepatic resections, by limiting bleeding 
and ensuring that the remaining liver is fully vascula- 
rized and has adequate biliary drainage. Furthermore, 
it creates all the conditions required to safely create a 
tension-free bilio-enteric anastomosis. In general, the 
bile duct occupies the anterior right porta hepatis. 

Regarding the anatomy of the hilar region, at the in- 

ferior liver edge is a confluence of a transversely orien- 
ted left hepatic duct and a more axially oriented right 

hepatic duct, which descends alike the common hepa- 

tic duct to join the cystic duct at the inferior border of 

the triangle of Calot and become the common bile 

duct. Commonly, the proper hepatic artery approaches 

the liver in the left anterior porta hepatis and branches 

into right and left hepatic arteries, in the hepatic hilum. 
The right hepatic artery usually passes posterior to the 
common hepatic duct (85%) before entering the liver. 
The portal vein lies in the posterior porta hepatic and 

its primary bifurcation is at the inferior edge of segment 
IV. A significant variability exists in the arterial and bi- 
liary anatomy that needs to be anticipated and defined 
during dissection of the porta hepatis. A replaced right 
hepatic artery may arise from the superior mesenteric 
artery and ascend in the right posterior porta, behind 
the common hepatic duct and common bile duct in 

20% of patients. With similar frequency, a replaced left 

hepatic artery may arise from the left gastric artery and 

cross the gastrohepatic ligament to enter the left liver 
outside the porta hepatis. Wide variation in the locations 

of sectoral bile ducts and their confluences may be seen; 
for example, major sectoral ducts of the right liver may 
join the left hepatic duct peripheral to the primary 
bifurcation or may descend in the porta to join the 
common hepatic duct or common bile duct distally. 

Hilar dissection for liver resection generally begins 
with cholecystectomy and exposure of the triangle of 

Calot to facilitate early identification of the common 
hepatic duct-common bile duct junction. Further inci- 
sion across the peritoneum of the porta hepatic per- 

mits the progressive exposure and isolation of the pri- 

mary branches of the hepatic artery and hepatic duct at 
the hilum of the liver. In cases, exposure of the hilar 
structures is improved by the incision of Glisson's cap- 
sule and elevation of segment IV (quadrate lobe). This 
dissection within the hilar plate can be carried out pe- 
ripherally to gain control of segmental vascular and bi- 
liary branches, since it is necessary for the anticipated 
parenchymal resection. Lobar or sectoral divisions of 
the portal triads, enveloped in a sheath of fibrous tis- 
sue originating from Glisson's capsule, can be defined 
during parenhcymal dissection and ligated en masse. 
Care is exercised during dissection to avoid injury of 
the hepatic ducts by diathermy and of the right hepatic 
artery, which might cross in front of the common he- 

patic duct. Exposure and control of portal vein bran- 

ches may be easier after bile duct and hepatic artery 

branch ligation and division. Additionally, portal vein 

isolation is facilitated by full mobilization of the liver 

and rotation of the liver to the left, in order to better 

expose the right posterior aspect of the porta hepatis. 

When a right lobectomy is indicated, the goal of hi- 
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lar dissection is to secure and divide the right hepatic 

artery, right portal vein and right hepatic duct, ensu- 

ring at the same time the normal blood flow to and bi- 

le drainage from the left lobe of the liver. In the mid- 

dle of the inferior surface of the right lobe of the liver, 

situated between the anterior and the posterior seg- 

ment of the right lobe, is an upside down V-shaped in- 

let that allows the right hilar vessels to enter the liver. 

This is where the dissection begins. Removing the vi- 

sceral peritoneum from the right side of the gallblad- 

der fossa posteriorly around the porta hepatis exposes 

the right side of the hilar vessels. The areolar tissue is 

filled with nerves and vascular lymphatics, which are 

best ligated or electrocoagulated. Approaching the hi- 

lum of the liver, the hepatic artery bifurcates first, follo- 

wed by the portal vein and then the hepatic duct. Usual- 

ly, these structures are divided in that same order: ar- 

tery, vein, and duct. The right hepatic artery or several 

branches of it are easily isolated. In continuity, the ar- 

teries are double ligated on the patient side and single 

ligated on the specimen side with 2-0 silk ligatures. 

When cutting a vessel between ties, we leave 75% of 

the vessel on the patient side and 25% on the specimen 

side. 

Occasionally, liver resection is part of the manage- 

ment of a proximal bile duct tumor. Exposure of these 

vascular structures can be difficult, because of the close 

proximity of the hilar biliary tumor and the hepatic 

artery, the portal vein and their branches (fig. 22.1). 

Circumferential dissection and division of the com- 

mon bile duct distally allows reflection of the anterior 

of the CBD and CHD with adjacent neural and lympha- 

tic tissues to skeletonize the hepatic artery and portal 

vein cephalad towards the hilum of the liver [5]. 

Anatomic resections are significantly distorted in ca- 

ses of liver or biliary reoperations or massive hepatobi- 

liary lesions. Significant variability of the anatomy of 

the porta hepatis can arise if the liver has undergone 

sectoral or lobar atrophy and/or hypertrophy. In pa- 

tients with adhesions and scarring from previous sur- 

gery in the porta hepatis, dissection of the hepatoduo- 

denal ligament can be tedious. Careful division of the 

adhesions between the hepatic flexure of the colon 

and the liver, mobilization of the duodenum and inter- 

mittent palpation of the region of the porta hepatis to 

identify hepatic artery pulses can facilitate approaching 

the hepatoduodenal ligament from the right, in antici- 

Fig. 22.1. Hilar dissection. 
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pation of exposing the common bile duct as an initial 

landmark. 

22.6 .  Bil iary Tract  Reconst ruc t ion  

There remains considerable disparity in the reported 

cases with regard to the incidence of biliary complica- 

tions after biliary tract surgery. Many technical issues, 

such as the method of dissection, selection of suture 

and mode, and the use of stenting tube, are still under 

discussion. Duct-to-duct has the following advantages 

over Roux-en-Y choledochojejunostomy: 

1) no need for intestinal manipulation, since it serves 

as an anatomic barrier against the reflux of enteric 

contents into the biliary tract, and it may theoreti- 

cally decrease the risk of ascending cholangitis; the 

morbidity is also reduced even when early anasto- 

motic leakage occurs; 

2) it is technically faster and easier than Roux-en-Y and 

3) the physiologic bilio-enteric continuity enables good 

endoscopic access postoperatively. 

In cases of liver transplantation, the afore mentio- 

ned reasons support the superiority of duct-to-duct re- 

construction. However, in cases of benign or malig- 

nant bile duct lesions, when segmental resection of the 

biliary tract is required, situation differs a little. 
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Sixty percent of the arterial supply for the bile duct 
comes from the caudal side through periduodenal arte- 
ries, 38% from the cranial side and only 2% from the 
hepatic artery itself. The 3 o'clock, the 9 o'clock, and 
the retroportal arteries give rise to multiple arteriolar 
branches, which form a free anastomosis within the 
wall of the bile duct. Preservation of periductal micro- 
circulation in the hepatic duct and excellent hepatic 
artery reconstruction may be a key factor for 
successful duct-to-duct anastomosis. 

Hilar dissection is carefully performed to preserve 
adequate blood supply of the hepitocholedochal arte- 
rial plexus. The 2 distinct intramural arteries (3 and 9 
o'clock arteries) and the bile duct is divided above the 
hilar bifurcation for highly located biliary stenoses. After 

completion of vascular anastomosis, biliary anastomo- 
sis is performed with 6-0 polydioxanone absorbable 
monofilament suture. The anastomosis procedure starts 
at the posterior wall with interrupted or continuous su- 

ture, after which the anterior anastomosis is comple- 
ted. In some cases, a 4 French polyethylene tube is in- 
serted for anastomotic decompression (fig. 22.2). 

22 .7 .  P a r e n c h y m a l  l iver  t r a n s e c t i o n  

In patients with malignant hilar lesions extending dire- 
ctly to the liver parenchyma, a final phase of liver re- 

section with parenchymal division is often required 

Fig. 22.2. Hepaticojejunostomy technique. Piercing the sutures. 

Fig. 22.3. Parenchyma liver transection. 

(fig. 22.3). There are several techniques that have been 
developed to facilitate this stage of the procedure. Be- 
cause of the extensive vascular and bile duct network 
within the liver, the goal of parenchymal division is to 
expediently dissect and ligate hepatic vessels and bile 

ducts, in order to complete the transection having mi- 
nimal blood loss. Portal venous tributaries are envelo- 
ped by Glisson's capsule, making them somewhat resi- 
stant to traumatic injury during the parenchymal tran- 
section. On the contrary, hepatic venous branches may 
be thin walled and can be more easily avulsed during 
manipulation. The specific techniques used to dissect 
hepatic tissue away from vessels and bile ducts, de- 
pend on the surgeon's preference and experience and 
on the technology available within the surgeon's hospi- 

tal setting. Temporary hepatic inflow occlusion (Prin- 
gle clamping), selective vascular isolation or complete 
vascular isolation are selectively used to lessen blood 
loss during parenchymal division. 

Finger fracture (digitoclasia) parenchymal division 
has been the most widely used and is perhaps the sim- 
plest technique for parenchymal division in liver rese- 
ction [6]. This technique is performed by initially inci- 
sing the liver capsule along the planned resection pla- 
ne, usually with electrocautery. After the liver capsule 
has been incised, the dissection is initiated with a blunt 

instrument (e.g., scissor tip or blunt clamp) by working 

through the parenchymal tissue. Vessels and bile ducts 

can be individually identified, encircled and either su- 

ture ligated or divided with surgical clips. Many surge- 

ons prefer to suture ligate ducts and larger vessels on 
the remnant liver side of the division and use surgical 
clips only on the specimen side, because clips may be- 
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come dislodged during liver manipulation as the rese- 
ction proceeds. Finger fracture techniques can also be 
combined with other methods of parenchymal divi- 

sion. The advantages of the finger fracture dissection 

technique are its simplicity and speed. This technique 

does not require sophisticated instrumentation that 
may be unavailable in some operative centers. 

The ultrasonic dissector (CUSA), the Hydrojet, the 
dissecting sealer (Tissue-Link) and, the more recently 
developed, saline-linked cautery [7] represent the mo- 
re popular advances from the classic finger fracture or 
the clamp crushing technique [8]. None of these instru- 
ments alone adequately addresses both precise paren- 

chymal division and complete hemostasis-biliostasis. 
The specific role of these emerging technologies in li- 

ver resection and their cost-effectiveness have not yet 

been fully defined, but remain an area of active investi- 
gation at many centers. 

In our department, liver parenchymal dissection is 
performed by a closed Metzenbaum scissors. Each ti- 
me less than 1 cm of liver parenchyma is compressed 
by the scissors. A back and fourth motion of the scis- 
sors, while squeezing the tissue, disrupts normal liver 

easily and sharply, skeletonizing vascular and ductal 
structures. All minor structures (< 5mm) are ligated using 

metal clips. Major intrahepatic vascular or ductal stru- 

ctures (> 5mm) are carefully dissected and exposed in 
order to optimize secure ligation and also prevent 
devascularization of the surrounding liver tissue. Minor 

bleeders or biliary radical orifices are sutured with 6-0 
PDS or suture ligated with 4-0 silk whenever possible. 

22.8. Operations of the Biliary Tract 

22.8.1.  H e p a t i c o j e j u n o s t o m y -  Indicat ions  

Hepaticojejunostomy is a common procedure, represen- 

ting a time-honored and still enduring procedure in 

the day-to-day general surgical practice of most hepa- 

tobiliary surgeons. Currently, hepaticojejunostomy is 

being used more frequently with the advent of laparo- 

scopic cholecystectomy and its higher rate of bile duct 

injuries. Other significantly, though less common indi- 
cations for hepaticojejunostomy include biliary fibrosis 
produced by chronic pancreatitis, penetrating trauma 

of the porta hepatis, previous bilio-enteric operations 

with subsequent stricture formation, choledochal cyst 

resections and other causes of iatrogenic biliary trauma, 
such as gastrectomy, pancreatic and hepatic resections, 
portal decompressive procedures and liver transplanta- 

tion. Malignant conditions such as cholangiocarcino- 

mas and carcinomas of the gallbladder infiltrating the 
common bile duct or hepatic ducts may also be indica- 

tions for performing hepaticojejunostomy as the final 

step of the resective procedure or as a palliative at- 
tempt to relieve jaundice in cases of unresectability. 
Increased success rates from centers of excellence base 
their improved results over the last decade on sound 
knowledge of biliary anatomy, meticulous surgical te- 

chnique and intraoperative flexibility to adapt to the 
anatomic variants found. Drainage tubes, stents, inter- 

ventional radiologic techniques and improved post- 
operative care have also played a role in the improved 

outcomes. 

22.8.2 .  Hepat i co je junos tomy - Operat ive  
Principles  

In patients with malignancy, the cystic duct is doubly 
ligated proximally and the gallbladder is retracted late- 
rally. The hepatic duct confluence is seen anteriorly, in 
front of the retractor, and is minimally obscured by 

segment IV of the liver. Adequate exposure is critical 

for creating a secure anastomosis; the usual lymphade- 

nectomy performed with cancer resections aids in the 
exposure of the bile duct. The intraoperative explora- 
tion includes the following principal steps' sonography 
of the liver, perihilar palpation to confirm the tumor 
localization, exploration of the lymph nodes and ex- 
ploration of the hepatic artery and portal vein. Distant 
metastases, including liver metastases, positive lymph 
nodes (frozen section) beyond the common hepatic 
artery and involvement of the hepatic artery or the 

portal vein, exceeding the extrahepatic portion of the 

liver lobe to be left, are generally considered contrain- 

dications against resection. 

For laparoscopic bile duct injuries, the surgeon 

should look for the stenosing clip or ligature in the sa- 

me region of the confluence; if the patient has a trans- 

hepatic stent, this will help in the localization of this 
structure. Otherwise, some dilatation of the bile ducts 

is applied, which makes the common bile duct more 

noticeable. In doubtful cases, the insertion of a fine 

needle (18G-20G) into the dilated structure will con- 
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firm the suspicion if bile is retrieved. Some surgeons 

often use transhepatic stents. Although it is not a routi- 
ne, it may help with intraoperative identification of the 

biliary stump. Other benefits can be the conduction of 

contrast studies in the postoperative period, for asses- 

sing the patency of the anastomosis and the performan- 
ce of perfusion/manometric studies for assisting in the 

outpatient management of these patients. If the anasto- 
mosis is going to be stented (in case when postopera- 

tive stenosis is highly probable), a Bakes dilator is in- 

troduced into the bile ducts, passed bluntly through 

the liver substance and retrieved on the anterior surfa- 

ce of the liver. A threaded guidewire is then attached 

to it and drawn through the biliary tree; a tubular stent 

is then passed into biliary anastomosis. Plastic stents 

are always preferred for benign bile duct strictures. 
Incision of the hilar plate is critical for a successful 

operation. The density of the vasculobiliary sheath (as 

the elements of the portal triad are exiting the liver) 

increases at the level of the main pedicles, forming a 

surrounding structure anteriorly and posteriorly. To 

expose the hepatic ducts (especially the left hepatic 

duct), the hilar plate is incised and elevated, giving the 

surgeon access to the entire anterior portion of the he- 

patic ducts. On mobilization of the right hepatic artery, 
dissection into the space between the right hepatic 

duct and right hepatic artery beyond the proposed 

point of division of the right hepatic duct is not made, 
in order to protect blood supply to the right hepatic 
duct arising from the right hepatic artery (although this 

is not true for the majority of cases). Active arterial 

bleeding from the hilar plate is controlled using 6-0 
prolene sutures. 

Once the resected specimen has been removed from 
the operative field, the chosen limb of jejunum is pas- 
sed in a retrocolic fashion, in order to have access to 

the base of the liver. We usually select the most proxi- 
mal jejunal loop that lies without tension in the right 
upper quadrant and tailor it to obtain a 50 cm Roux-limb 
(fig. 22.4, 22.5, 22.6). After the jejunum is transected 

with staples, passage through the transverse mesocolon 

is necessary. This manoeuvre is greatly facilitated by lif- 

ting the transverse colon as a whole and transillumina- 

ting its mesentery from behind. This area (typically to 

the right of the middle colic vessels) is consistently 

free of vascular structures and an aperture can be crea- 

ted in the mesocolon for jejunal passage. The mesoco- 

Fig. 22.4. Anterior view of two separate hepaticojejunostomies (left 
and right hepatic duct following resection for Klatskin tumor. 

Fig. 22.5. Anterior view of two separate hepaticojejunostomies. 

Fig. 22.6. Right liver atrophy in a patient with concomitant right he- 
patic artery and right hepatic duct flush ligation. Selective canulla- 
tion of the right and left hepatic duct 
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Ion is closed around the jejunum with interrupted sti- 

tches of 3-0 silk. We prefer retrocolic reconstructions 

because they do not add additional intestinal length, 

do not create open spaces for potential hernias, and 

the jejunal mesentery will not be exposed to tension 

from a distended colon. The defect left, after the rese- 

ction at the confluence of the bile ducts, can be expan- 

ded bilaterally with more emphasis to the left to create 

a wider side-to-side anastomosis with the jejunum. 

The jejunum is opened to such a width that will even- 

tually mirror the final defect in the bile duct. Therefo- 

re, the bowel incision is typically smaller for produ- 

cing a better match, since it enlarges as the anastomo- 

sis is created. Bleeding from the cut edge of the jejunal 

opening is controlled by diathermy that is set at lower 

power than usual. 

Of course, when dealing with malignant tumors, it 

is sometimes necessary to resect the confluence of the 

bile ducts. The resection margins of the bile ducts are 

always investigated by frozen section. If the hepatic 

ducts are separated, it is wise to approximate them for 

increasing the width of the actual anastomosis. 

The key to successful outcome remains the same: a 

tension-free, meticulous mucosa-to-mucosa anastomo- 

sis. The anastomosis is started by placing the corner 

stitch first at the left side of the duct. The technique 

described previously by Blumgart [9] is used with in- 

terrupted absorbable suture, size 4-0 or 5-0. Half of the 

anterior row is constructed first, taking only the initial 

bite on the bile duct side. The sutures (with needles still 

attached) are placed under mild tension with a spring 

keeper. This manoeuvre lifts the duct and facilitates the 

construction of the posterior row anastomosis. When 

the time comes to complete the anastomosis, intercala- 

ting suture colors in the incomplete anterior row will 

significantly aid. The posterior row is started on the 

left side. Tissue bites include the jejunal mucosa and 

several millimeters of bile duct with the sutures tag- 

ged. Once the posterior row of sutures is placed, they 

are tied starting on the patient's right side with the knots 

inside the anastomosis, to enhance the mucosal appro- 

ximation. After the back row is secured, the stent, if 

indicated, is slid into the jejunal limb [10]. The last half 

of the anterior row sutures is started by incorporating 

the jejunal mucosa. The sutures are tied. 

For acutely damaged ducts, anastomosis to the bo- 

wel is usually made with a single layer of 6-0 absorba- 

ble sutures that are tied extraluminally. For the corner 

and penultimate stitches, we prefer 6-0 prolene with 

the knots tied outside the lumen of the anastomosis. If 

the lumen is small (< 5 mm), all the other posterior- 

row sutures are completed using 6-0 prolene double- 

needle sutures with the knots outside. Otherwise, ab- 

sorbable 6-0 PDS sutures are used with the knots pla- 

ced inside the lumen, since it is difficult to obtain close 

approximation of the ductal and jejunal wall in a large 

duct with the knots tied outside. The distance between 

sutures is about 1 mm. In anastomoses smaller than 1 

cm, a T-tube or stent should be placed across the ana- 

stomosis, in an attempt to prevent late stricture forma- 

tion. 

Some surgeons advocate the placement of several 

3-0 silk stitches between the jejunal limb (seromuscu- 

lar) and the capsule of the liver, to help relieve the ten- 

sion on the anastomosis. However, this is not a com- 

mon practice in our department. Care must always be 

taken to completely occlude the defect in the meso- 

colon, for avoiding internal hernias. When the right 

and left hepatic ducts cannot be brought together, as is 

the case of patients with resected hilar cholangiocarci- 

noma, two separate anastomoses are required. Alterna- 

tively, in cases where there are two hepatic duct ope- 

nings adjacent to each other, they are sutured to form a 

single hole. The septum between the reconstituted 

ducts is divided vertically and the gap is sutured using 

6-0 PDS. Simply joining the medial wall creates ten- 

sion and narrowing of the lumen. The newly created 

septum, when divided vertically and sutured transver- 

sely, creates a large opening. The intestinal anastomo- 

sis is then completed in a standard end-to-side or side- 

to-side (sutured or stapled) fashion. A soft silastic drain 

is placed in the subhepatic space, close to the anasto- 

mosis, and the abdomen is closed after irrigation. 

22.9. Choledochoduodenostomy- Indications 

Choledochoduodenostomy is indicated for choledocho- 

lithiasis, ampullary stenosis, chronic pancreatitis (once 

the possibility of a resectable malignant obstruction is 

excluded), unresectable malignant neoplasms causing 

biliary obstruction, operative injuries to the biliary tree 

and chronically dilated bile ducts. In cases of choledo- 

cholithiasis, choledochoduodenostomy is used to clear 
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bile ducts, particularly if multiple stones are present, 

mainly for allowing the passage of any retained calculi. 

In patients with impacted stones at or near the ampulla 

or an ampullary stenosis the intraoperative cholangio- 

gram shows little or no flow of dye into the duode- 

num. However, it is difficult to determine with certain- 

ty whether an impacted stone or just ampullary steno- 

sis is the case. Persistence in removing the impacted 

stone or passing the exploring instrument or even the 

choledochoscope into the intrapancreatic portion of 

the common bile duct carries a high risk of producing 

a "false passage", perforating the wall of the duodenum 

or common bile duct or even traumatizing the pan- 

creas, leading to severe pancreatitis. Under these cir- 

cumstances and in the presence of a dilated common 

bile duct (more than 15 mm in diameter), choledocho- 

duodenostomy is a definitive, safe and prompt solution. 

If injury of the distal common bile duct is not dis- 

covered at the time it occurs, it becomes unsuitable for 

use in the reconstruction [11]. Therefore, a choledo- 

choduodenostomy cannot be done. Reconstruction must 

be performed using the common hepatic duct, often at 

the confluence of the two main hepatic ducts, suturing 

it to a Roux-limb of jejunum. However, choledocho- 

duodenostomy may occasionally be useful in the sur- 

gical treatment of injuries to the common bile duct. 

Specifically, if the injury is detected at the time of sur- 

gery, is located in the distal common bile duct and the 

common bile duct happens to be dilated to 16 mm or 

more, then the injury may be amenable to repair with 

a choledochoduodenostomy. Moreover, if the common 

bile duct was completely ligated at operation, resulting 

in a dilated common bile duct (>15 mm in diameter), 

the anatomy may be suitable for reconstruction by a 

choledochoduodenostomy with the expectations for 

very good long-term results. 

22 .9 .1 .  C h o l e d o c h o d u o d e n o s t o m y  - T e c h n i c a l  

Aspects 

Under general endotracheal anesthesia, a right subco- 

stal incision is made (although an upper midline inci- 

sion is also reasonable). The duodenum, the supraduo- 

denal portion of the common bile duct and the gall- 

bladder are carefully inspected, palpated, and scrutini- 

zed for abnormalities. The diameter of the common 

bile duct is measured, to be at least 16 mm to allow 

construction of a choledochoduodenostomy with an 

opening no smaller than 14 mm in diameter. 

Initially, the gallbladder is removed. Because the 

first and fourth portions of the duodenum are fixed, in 

most patients it is necessary to mobilize the second 

and third portions for facilitating cephalad displace- 

ment of the duodenum, which allows the second por- 

tion to reach the anterior surface of the distal common 

bile duct, thus attaining a tension-free anastomosis. 

Kocherization of the duodenum is performed by an 

incision along the lateral border of the second portion 

of the duodenum, elevation of the posterior aspect of 

the duodenum and head of the pancreas, by blunt 

dissection and partially exposition of the anterior sur- 

face of the inferior vena cava. 

In general, the incision in the duodenum must be 

placed at or near the junction between the first and 

second portions and slightly posterior; the incision in 

the common bile duct is made as distal as possible. 

The surgeon, then, selects the type of anastomosis: end- 

to-side or side-to-side. Due to the reluctance to com- 

pletely transect the common bile duct to do an end-to- 

side choledochoduodenostomy, most surgeons favor a 

side-to-side anastomosis, a procedure which requires 

more extensive mobilization of the duodenum. Chole- 

dochoduodenostomy must be constructed with precise 

suturing (under optical magnification) using double- 

armed 5-0 polypropylene suture with small atraumatic 

needles in a continuous running fashion, with the same 

technique and care used for anastomosing small arte- 

ries and veins. 

For an end-to-side choledochoduodenostomy, the 

common bile duct is transected as distal as possible, 

for attaining an anastomosis without tension. Two stay 

sutures are placed at each corner of the anastomosis. 

The sutures are gently pulled to temporarily approxi- 

mate the incisions made in the side of the duodenum 

and the end of the trans~ected common bile duct. Care- 

ful scrutiny at this point is important to check whether 

their size matches and approximation occurs without 

tension or twisting. The running suture is then initia- 

ted, with the first suture placed in the posterior lip of 

the anastomosis, exactly in the middle of each luminal 

-opening. This continuous technique is performed from 

inside the lumen, placing each suture at a 90 ° angle to 

the tissue, first running one end toward its respective 

corner, then running the other end toward the oppo- 
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site corner, both of them finishing at the point where 

the stay sutures had been previously placed. To facilita- 

te optimal vision of the posterior lip of the anastomo- 

sis, each loop of the running suture is left loose. Once 

each suture has reached its respective corner, the nee- 

dles are brought outside the lumen and the loose loops 

of the running suture are tightened by gently pulling 

simultaneously at each corner, under direct vision, with 

caution to avoid excessive tightening which constricts 

the anastomosis. To avoid this occurrence, the two stay 

sutures placed in each corner are tied at this point. The 

anterior lip of the anastomosis is then completed by 

running each end of the suture, again leaving the loops 

loose to facilitate the placement of each successive 

stitch, again meeting in the middle of the anastomosis. 

The ends of the anterior suture are tightened using a 

fine nerve hook and tied with at least eight knots. 

For a side-to-side choledochoduodenostomy, the 

incision in the common bile duct must be planned ca- 

refully, to facilitate accurate apposition with the duo- 

denum. Depending on the relationship between the 

two organs, the incision can be transverse or oblique. 

This type of anastomosis is constructed in a similar fa- 

shion as the one described for the end-to-side chole- 

dochoduodenostomy, with the difference that the stay 

sutures are positioned in the superior and inferior 

corner of the scheduled anastomosis. A single layer of 

polypropylene suture is sufficient to create a water- 

proof anastomosis; of course, it is possible to use two 

layers as well. The anastomosis should be carefully 

examined for bile leakage, the completed anastomosis 

should have a diameter of at least 14 ram, while a T- 

tube or stent is not needed. It is advisable to drain the 

area in proximity to the anastomosis with one or two 

soft drains connected to a closed vacuum suction sy- 

stem. In the rare occasions in which jaundice persists 

for five or more days after the operation, an upper ga- 

strointestinal series is the simplest test to assess the pa- 

tency and continence of the constructed anastomosis. 

22.10. Operative Bile Duct Drainage Via 
Segment I I I -  "The Round Ligament Approach" 

The round ligament approach is indicated as palliative 

relief of obstructive jaundice, usually caused by a neo- 

plastic process involving the proximal hepatic duct or 

its bifurcation, not amenable by PTC or ERCP. It is 

contraindicated in patients with extensive left lobar 

metastases, malignant involvement of the second order 

left hepatic ducts, left lobar atrophy due to left hepatic 

artery or portal vein occlusion and infection of the ob- 

structed right hepatic biliary tree [ 12]. 

As stated by Couinaud, even when the connection 

between the right duct and left duct is interrupted, 

simple diversion of the left duct provides sufficient 

drainage. An intraoperative cholangiogram, cannulating 

the exposed left duct, is important to define the ana- 

tomi'cal ductal pattern and ensure that the biliary-ente- 

tic anastomosis will drain the entire left lobe of the li- 

ver. The goal of the operation is to decompress the bi- 

liary tree by constructing a biliary-enteric anastomosis 

between a defunctionalized jejunal loop and the left 

hepatic duct proximal to its junction with the .right 

main duct and distal to its bifurcation to liver segments 

II and III. The operation begins with dissection and 

exposure of the biliary duct, by partially resecting the 

left lobe of the liver, moves on to construction of a 

defunctionalized jejunal loop (e.g. a Roux-en-Y jejunal 

loop) and ends with construction of the biliary-enteric 

anastomosis. 

The round ligament approach was first described in 

1957 by Soupault and Couinaud [13] who proposed a 

transcissural approach to identify the segment III duct, 

by following the round ligament into the recessus of 

Rex in the umbilical fissure. The left portal vein divides 

into the umbilical portion (which continues into the 

round ligament) and the left branch. The left branch 

runs in an anteroinferior plane and does not need to 

be dissected. Because the entire operation is condu- 

cted proximal to the main hepatic duct, the liver hilus 

is left intact. 

In adopting the round ligament approach, it is ne- 

cessary to open the umbilical fissure to a depth usually 

of 5 to 6 cm for exposing the segment III duct. In some 

patients the space to fashion an anastomosis is consi- 

derably constrained in the recess of the umbilical fissu- 

re. In recognition of this problem, we recommended  

an end-to-side rather than a side-to-side anastomosis. 

However, a side-to-side anastomosis should be advo- 

cated in cases where bile duct wall blood perfusion is 

expected to be compromised.  

The operation is performed through a bilateral sub- 

costal incision. After entering in the abdominal cavity, 
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the inferior surface of the liver and the hilar region are 

exposed. This manoeuvre is facilitated by dissecting the 

falciform ligament to the level of the vena cava and 

bringing the liver forward by placing one or two lapa- 

rotomy pads between the liver and the diaphragm. In- 

traoperative Doppler ultrasonography is used to identi- 

fy the dilated segment III duct and to estimate its 

depth within the liver parenchyma. Then, the round li- 

gament is retracted downwards and to the right, expo- 

sing the umbilical fissure between segments III and IV. 

Using the Metzenbaum scissors or the Cavitron Ul- 

trasound Aspirator (CUSA), the fissure is extended to 

the left of the falciform ligament and the liver split in a 

relatively avascular parenchymal plane. The left margin 

of the round ligament is freed down to the recessus of 

Rex, where the segment III branch of the portal vein is 

easily identified. 

Alternatively, the thin layer of liver parenchyma ly- 

ing anterior to the round ligament and joining segment 

IV to segment III is transected with electrocautery with 

a right-angle clamp placed in the space between the 

round ligament and liver parenchyma. Parenchymal 

bleeding will rarely need to be controlled with mat- 

tress sutures. 

The segment III bile duct is identified, often lying 

in a vertical plane posterosuperior to the vein. Using 

ultrasonography, the course of the duct is followed 

into segment III for a distance of 4 to 5 cm. The CUSA 

is used to core out the liver parenchyma, which over- 

lies and surrounds the bile duct. This creates a saucer- 

shaped concavity, with walls that slope down gradually 

from the liver capsule to the edge of the bile duct. The 

bile duct lies superficial to the vascular structures, at a 

depth of 2 to 3 cm from the liver capsule, and thus the 

vascular pedicle to segment III is not compromised by 

this manoeuvre. This creates an adequate space to fa- 

shion a tension-free and long cholangiojejunostomy. 

If the CUSA is not available, the round ligament is 

dissected from the liver by traction anteriorly and su- 

periorly with a clamp, dividing the portal vein bran- 

ches that run between the ligament and liver segment 

III. These branches vary in number and caliber. We pre- 

fer to suture ligate the branches at their portal aspect 

and use a clip or a simple ligature for the parenchymal 

aspect. This procedure separates the round ligament 

from the liver parenchyma and exposes the vasculobi- 

liary sheath between the hilum and the recessus of 

Rex. When the bile duct is markedly dilated, it is easily 

recognizable under this sheath of connective tissue. If 

the sheath is particularly thick, it must be sharply divi- 

ded with the scissors, so the left duct can be visualized. 

Localization of the bile duct can be confirmed by pun- 

cture with a small-gauge needle. 

Intraoperative cholangiography by direct cannula- 

tion of the exposed duct can be performed to assess 

the anatomy. 

The duct must be dissected for a length of one to 

1.5 cm. This dissection should not be circumferential, 

for preventing devascularization of the duct and avoid 

injury to other bile ducts draining segments IV or II. 

The anatomy of these ducts is extremely variable and, 

remaining in an anterior plane, minimizes the risk of 

injury, particularly because the duct's anterior surface 

will be used for the biliary-enteric anastomosis. Once 

the left duct has been exposed, a defunctionalized jeju- 

nal loop is constructed in a Roux-en-Y fashion, appro- 

ximately 40 to 50 cm long. The defunctionalized jeju- 

nal loop is brought to the liver hilum through a retro- 

colic tunnel. After two stay sutures are placed on the 

anterior wall of the exposed bile duct, a longitudinal 

incision of about one cm in length is performed. A 

mirror-image longitudinal incision is created on the 

antimesenteric side of the jejunal loop. All of the post- 

erior sutures are placed and tied, with the knot left in- 

side the lumen. The anterior sutures are placed and 

tied with the knots on the outside. Monofilament reab- 

sorbable suture is preferred. Two drains are placed in 

the perianastomotic region and the abdominal cavity is 

closed. 

22.11. The Rodney-  Smith Procedure 

The Roux-en-Y mucosal graft operation, or else Rod- 

ney Smith procedure, is.an alternative method of ana- 

stomosis of jejunum to a high bile duct stricture (be- 

nign or malignant). The procedure entails dissection of 

the subhepatic space and exposure of the hilar region. 

Pathologic tissue is excised and a sutureless anastomo- 

sis of jejunal mucosa to the bile ducts is performed. 

After removal of a disc of seromuscular coat of jeju- 

num, a transhepatic tube is introduced into the jeju- 

num and sutured in place. Traction on the tube subse- 

quently draws the mucosal pocket upward into contact 
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with the intrahepatic duct lining. The edges of the je- 

junum are then fixed to the capsule of the liver and the 

jejunojejunal anastomosis is completed. In our depart- 

ment we have abandoned this procedure for the sake 

of a "simple" hepaticojejunosotmy. 

22.12. The Longmire Procedure 

The Longmire is a less commonly performed alternati- 

ve procedure for high bile duct lesions-strictures and is 

useful in patients with left liver atrophy. It involves re- 
moval of the left lateral lobe of the liver (segments II 

and III), exposing the dilated respective segmental ducts. 

A Roux-en-Y limb is then anastomosed to Glisson's 

capsule around the exposed ducts. 

22.13. Specific Conditions 

22.13.1. Bile Duct Injuries 

Common anomalies responsible for bile duct injuries 

include those of the cystic duct and its insertion into 

the common hepatic duct e.g. long parallel course with 

the common hepatic duct or a spiralling cystic duct 

opening on the medial aspect of the common hepatic 

duct. Anomalies of the right hepatic duct e.g. low in- 

sertion on to the common hepatic duct, right anterior 

and posterior sectoral hepatic ducts, anomalies of the 
right hepatic artery and aberrant vessels coursing along 

the common bile duct are other important examples. 
The most common site of injury of the bile ducts is 

the common hepatic duct at the level of the cystic duct 

ascent. From this point of view, right hepatic duct in- 
juries are the most frequent, quite often involving a 

concomitant right hepatic artery ligation, causing right 

liver atrophy along with the resulting biliary strictures. 

Bismuth has classified postoperative strictures of the 

bile ducts in five categories [14], a classification which 

vastly interferes both with the selected type of surgical 

repair and the patient prognosis: 

Type 1: Stricture >2 cm from the confluence of the he- 

patic ducts. 
Type 2: Stricture <2 cm from the confluence, with rem- 

nant of the common hepatic duct. 

Type 3" Stricture flushes with the confluence intact. 

Type 4: Stricture involves the confluence. 

Type 5: Stricture involves an aberrant right sectoral he- 

patic duct, with or without a concomitant com- 

mon hepatic duct stricture. 

If the bile duct has been neatly incised, end-to-end 

anastomosis or ductoplasty should be performed using 

6-0 absorbable, closely spaced, interrupted sutures ta- 

king care to place the knots extraluminally, if possible. 

Some surgeons perform the repair over a T-tube, which 

exits the duct through a choledochotomy separate from 
the anastomosis. 

If the duct has been crushed, more than 1 cm has 
been lost. If a transection is high in the hilar region of 

the duct, the damaged segment of the duct should be 

excised and choledochoenterostomy should performed. 

For high level strictures (Bismuth 2-4) anastomosis is 

made between the cut end of the hepatic ducts and the 

side of a Roux-en-Y limb of jejunum. For low-level 

strictures (Bismuth 1), choledochoduodenostomy can 

be performed after mobilization of the duodenum with 

a wide Kocher manoeuvre. Technical details of the re- 
spected operations have been presented in previous 

respective paragraphs. 

22.13.2. Congenital Choledochal Cysts 

Choledochal cysts are thick walled cystic dilatations of 

the bile ducts that are devoid of epithelial lining. Cysts 

may be localized to one segment of the extrahepatic 
biliary duct system or may involve the entire extrahe- 
patic and intrahepatic biliary tree. These cysts result in 
stasis of bile, presenting the classic clinical symptoms 
of right upper quadrant pain, mass and jaundice. Other 
patients present with cholangitis or peritoneal sepsis- 
related bacterial contamination of bile or even rupture 
of the cyst. Malignant degeneration of the endothelial 

lining is reported in 20% to 50% of patients. Regarding 

the anatomic classification of choledochal cysts, in 

1977, Todani et al. [15] modified the classic Alonso-Lej 

classification by adding 2 new types (types IV and V) 

(see previous chapter). 
Treatment of choledochal cysts is surgical, with the 

exception of type V, with multiple intrahepatic cysts, 

which can benefit from medical management for 

variable periods of time. Total excision of the cyst in 

types I, II, and IV, followed by reconstruction of the 

biliary tree with hepaticojejunostomy in a Roux-en-Y 
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fashion, has been widely accepted as the procedure of 

choice in treating choledochal cysts. This procedure 

implies an excision of the distal terminal choledochal 

duct. Consequently, the procedure blocks the reflux of 

pancreatic enzymes into the biliary tract, therefore 

decreasing the incidence of carcinoma of the bile duct. 

With type III choledochal cysts, the general approach 

is one of lateral duodenotomy with unroofing of the 

choledochocele, so as to drain the bile duct and pan- 

creatic duct directly into the duodenum. The two du- 

ctal openings should be carefully examined for deter- 

mining whether ductoplasty is required. In patients 

with type IV choledochal cysts with intrahepatic cysts, 

each case is individually evaluated and the principle of 

adequate bile drainage is taken into account. Excision 

of the dilated extrahepatic bile ducts to the porta hepa- 

tis, with hepaticojejunostomy at the level of the hilum, 

may provide good biliary drainage and effective de- 

compression of the intrahepatic cysts. If the intrahepa- 

tic cysts are localized in a small portion of the liver, 

partial hepatectomy may b e required. 

With regard to type V choledochal cysts, 13atients 

with localized disease may benefit from a hepatic lo- 

bectomy. If the disease is diffuse, involving both lobes 

of the liver, treatment is palliative and liver transplan- 
tation may be required [ 16]. 

22.13.3. Hilar Tumors 

Tumors of the bile duct, cholangiocarcinomas, are an 

uncommon malignancy in the United States, with fe- 

wer than 5000 cases diagnosed each year [17]. The ma- 

jorities of these are diagnosed in elderly patients and, 
if left untreated, patients will rarely live more than 6 
months [18]. Most of these tumors are adenocarcino- 
mas. Intrahepatic cholangicarcinomas account for 10% 
of all cholangiocarcinomas, hilar cholangiocarcinoma 

for 25%, and extrahepatic cholangiocarcinoma for 65%. 
Population based studies indicate that the overall 5 

year survival rates for extrahepatic cholangiocarcino- 

ma has increased from 11.7% from 1973 to 1977, to 

17.3% in the years from 1983 to 1987 [17]. Surgery still 

remains the primary curative modality in the treatment 

of cholangiocarcinomas, though most patients are not 

in condition to undergo curative resection. The causes 

that preclude curative resection include: (1) hepatic 

ductal extension preventing complete resection, (2) 

soft-tissue extension (hepatic parenchyma at the hilum 

or unresectable vascular involvement) and (3) distant 

metastases (either distant nodal disease [N2] or syste- 

mic metastases). 

22.13.4. Operative Strategy for Hilar 
Cholangiocarcinoma 

The modified Bismuth-Corlett classification system for 

hilar cholangiocarcinoma is a more anatomic descrip- 

tion of the location of the tumor [19]. It groups hilar tu- 

mors based upon their extension into the hepatic du- 

ctal system: 

Type I: Below the confluence of the right and left 
hepatic ducts. 

Type II: Confined to the confluence of the right and 

left hepatic ducts. 

Type Ilia: Extension into the right hepatic duct. 

Type IIIb: Extension into the left hepatic duct. 

Type IV: Extension into the right and left hepatic ducts. 

This system provides an anatomic classication that can 

guide therapy (either resectional or palliative), but 

does little to describe those patients who are surgical 

candidates, or to provide prognostic information about 
each subset. 

Although long-term survival following treatment for 

hilar cholangiocarcinoma is uncommon, only those pa- 

tients treated with surgery ever achieve this chance for 

long-term survival. Perhaps in the future, systemic the- 

rapy will become more effective, to allow prolonged 

survival in those patients who are not surgical candida- 

tes. Current therapy, however, is relatively ineffective 
and patients with either N2 or M1 disease are incura- 
ble. 

In most studies that have examined survival follo- 
wing resection of hilar cholangiocarcinorna, the pre- 

sence of positive histologic margins remains one of the 

most important predictors of poor outcome [20, 21]. In 
fact, survival of patients who undergo resection but are 

left with positive histologic margins is only slightly 

better than that of patients who do not undergo rese- 

ction at all. The median survival of patients who un- 

dergo a curative resection and have histologically ne- 

gative margins may be two to three times the rate of 

those patients whose margins of resection are positive. 

Therefore, long term survival is really only achieved in 
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patients who undergo curative resection in which the 

margins of resection are histologically negative. 

Despite these studies demonstrating the prognostic 

signicance of margin status on outcome, only few other 

studies have clearly reported the location of the posi- 

tive margin. Evidence from examining the effect of per- 

forming hepatic parenchymal resection in addition to 

the biliary resection, and the incidence of positive hi- 
stologic margins, indicates that the proximal bile duct 

(or less likely, the proximal soft-tissue margin) is the 

culprit. Recent studies have reported an inverse corre- 
lation of the performance of a hepatectomy with the 

extending of positive histologic margins in the rese- 

cted specimen [21, 22, 23]. In reports with infrequent 

performance of major hepatic resection (<30%), the 

incidence of positive margins was usually in excess of 

60%, whereas in those reports of frequent performan- 

ce of major hepatic resection (>60%) the incidence of 
positive margins decreases to less than 30%. These da- 

ta strongly suggest that curative resection with histolo- 

gically negative margins requires a hepatic resection in 
a signicant portion of patients with hilar cholangiocar- 
cinoma. 

This association of hepatic parenchymal resection, 

negative histologic margin and survival benefit becomes 

even clearer when the data of combined caudate lobe 

resection are examined. The biliary ductal drainage of 
the caudate lobe enters the common hepatic duct near 

the posterior aspect of the confluence of the right and 

left hepatic duct. It has been increasingly recognized 
that hilar cholangiocarcinoma frequently extends into 
the biliary ductal i'adical of the caudate lobe, and that 
the failure to resect th ismay contribute to a positive 
histologic margin and poorer overall survival. In con- 
trast, the limited studies that have compared survival 
outcomes based on the performance of a caudate rese- 
ction, as part of a curative resection for hilar cholan- 

giocarcinoma, observed increased survival in the group 

that underwent caudate lobe resection [24, 25]. Nimu- 

ra et al. [24] first reported, in a series of 91 patients, 

that histologically negative margins were obtained in 
86% of patients when a caudate lobe resection was 

performed, achieving a median survival of 33 months. 
Although it is unlikely that a prospective trial will ever 

be done to specically determine the benet of caudate 
lobe resection, anatomic data indicate that the caudate 

bile ductal branch is a frequent source of positive mar- 

gins following bile duct resection alone. It is therefore 

imperative to add caudate lobectomy to resection of 

hilar cholangiocarcinoma, in order to optimally ensure 

histologically negative margins. 

Two major aspects of surgical radicality are the per- 

formance of major vascular resection as well as the ex- 

tent of nodal dissection. Because extended hepatic pa- 

renchymal resection increases the likelihood of achie- 

ving histologically negative margins of resection, per- 

haps it is possible this same philosophy to be extended 

to the vasculature of the porta hepatis. The data sup- 

porting the inclusion of major vascular resection, parti- 

cularly the portal vein, are limited [26, 27]. Neither 

perioperative morbidity, nor mortality were increased 

after major portal venous resection and reconstruction, 

but the published series are small in numbers and co- 

me from centers with an extensive experience in com- 

plex hepatobiliary surgeries. Current guidelines sup- 

port major vascular resections if the expertise is avai- 

lable, since the provision of a curative resection with 

histologically negative margins remains the only hope 

of long-term survival to the patient. 

As to the nodal dissection, Kitagawa et al. determi- 

ned the location and incidence of nodal metastases in 

110 patients with hilar cholangiocarcinoma [28]. The 

most commonly involved nodal basin was the peri- 

choledochal (43%), followed by the periportal nodes 

(30.9%) and the common hepatic nodes (27.3%). The 

celiac and superior mesenteric lymph nodes were ra- 
rely involved, suggesting that dissection of the primary 
tumor along with the lymph node-bearing tissue of the 
porta hepatis extending to the common hepatic artery 
is sufficient for staging as well as disease control. 

The principles of hepatic duct resection and biliary 
reconstruction have already been presented in pre- 
vious paragraphs. Since the performance of extended 

liver resections (trisegmentectomies) are often requi- 

red to achieve microscopically negative soft tissue 

margins in patients with advanced type IliA and IIIB 

hilar cholangiocarcinomas, we will present the basic 

surgical principles for a right and left trisegmentectomy. 

22.13.5. Right Trisegmentectomy for Hilar 
Cholangiocarcinoma 

Laparotomy is performed through an upper midline 

incision with bilateral subcostal extensions. The distal 
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bile duct is divided in the pancreas. Skeletonization re- 

section of the hepatoduodenal ligament, including dis- 
section of the regional lymph nodes, is performed from 

the duodenum to the liver. The right hepatic artery is 

divided. Then, at a more superior level, the right portal 

vein is divided and the defect is closed with a conti- 

nuous suture. Portal vein resection and reconstruction 

by end-to-end anastomosis, after complete dissection 

of the transverse portion of the left portal vein, is per- 

formed in cases where the portal bifurcation adheres 

to and cannot be freed from the tumor during skeleto- 

nization resection of the hepatoduodenal ligament. 

After mobilization of the right liver, a number of 

short hepatic veins are ligated and divided from the 

caudal to cranial direction, as the right lobe is retracted 

anteriorly and to the left. The right hepatic vein is en- 

circled extrahepatically by cautious dissection, clamped 

with vascular clamps, divided, and sewn with a conti- 

nuous suture. All vena caval tributaries -except the 

middle and left hepatic veins- are ligated and divided 

because the caudate lobe will be totally resected.. 

The transverse portion of the left portal vein usually 

gives off several branches to the caudate lobe. These 

small ramifications are ligated and divided, so that this 

portion is dissected free from the hilar plate. Next, the 

umbilical portion of the left portal vein is exposed by 
dissecting the serosa of the umbilical fissure. When the 
umbilical fissure is concealed by fusion of the inferior 
lips of the medial and the lateral sections of the left 
liver, this liver bridge is divided. 

The portal branch of segment 4 is ligated and divi- 

ded at its origin. Two or 3 other small ramifications 

feeding the caudal part of segment 4, are also ligated 
and divided. Next, the umbilical plate is exposed be- 
hind the umbilical portion of the left portal vein, as the 

round ligament is pulled down caudally and to the left. 
All of the small portal branches arising from the cranial 
side of the umbilical portion are carefully ligated and 
divided. The proximal side of the ligamentum venosum 
is ligated and divided at the cranial side of the elbow 

of the left portal vein. Thus, the cranial side of the um- 

bilical portion of the left portal vein is completely de- 

tached from the umbilical plate. This dissection produ- 

ces a demarcation along the "left" side, not the right si- 

de, of the falciform ligament. This demarcation is usual- 

ly encountered after pedicle occlusion of the segments 

2 and 3 in left lateral sectionectomy. 

Normally, the left hepatic artery originates from the 

proper hepatic artery, reaches caudally to the base of 

the umbilical portion of the left portal vein and enters 

the base of the umbilical fissure to the left of the um- 

bilical portion. This anomalous distribution of the left 

hepatic artery creates a technical problem, since its 

presence compromises the detachment of the artery 

from the left hepatic duct. Albeit with difficulty, the 

dissection is possible. The liver dissection is carried 

out along the demarcation line (on the left side of the 

falciform ligament), thereby transecting the middle 

hepatic vein at the confluence of the left hepatic vein. 

Next, as the umbilical portion of the left portal vein is 

retracted to the left, the bile ducts of the left lateral se- 

ction are divided at the left side of the umbilical por- 

tion of the left portal vein, proximally to the confluen- 

ce of the bile ducts from segments 2 and 3 after 

carefully detaching these bile ducts from the left lateral 

sectional branches of the left portal vein. 

Bilioenteric continuity is reestablished by Roux-en- 

Y hepaticojejunostomy with the jejunal limb brought 

to the hepatic duct via the retrocolic-anteduodenal or 

the retrocolic-retrogastric route. All anastomoses are 

performed with mucosa-to-mucosa alignment, by in- 

terrupted sutures using 5-0 or 6-0 polydioxanone (PDS, 

Ethicon, Tokyo, Japan), and drained externally by a 6- 

Fr polyvinyl chloride tube (PTBD tube, Hakko, Chiku- 

ma, Japan) introduced via the transhepatic or transjeju- 

nal route. The tubes are usually removed 3 weeks after 
hepatectomy. 

22.13.6. Left Trisegmentectomy for Hilar 
Cholangiocarcinoma 

This procedure is required for hilar lesions originating 

in the left lobe of the liver and extending across the 

interlobar plane into the anterior aspect of the right lo- 

be (segments V and VIII). Candidates for this procedu- 

re must have no disease involvement in segments VI 

and VII. The caudale lobe (I) may be left in situ or may 

be removed en bloc with left lobe structures, as nee- 

ded for complete tumor removal. The procedure is ini- 

tiated with division of the left hilar structures as in left 

hepatic lobectomy. Additionally, the cystic duct and 

artery are divided to open the plane anterior to the 

right hilar structures. After the hepatogastric and left 

triangular ligaments are divided, the liver is rotated 
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from left to right for exposing the cleft between the 

caudate lobe (segment I) and the left lateral segments 

(II and III). This cleft can be opened with cautery to 

serve as the posterior parenchymal transection plane. 

Alternatively, if the caudate lobe (I) is to be removed 

with the specimen, then the lobe is mobilized from the 

anterior wall of the IVC by dividing the multiple small 

hepatic vein branches. With further dissection in this 

cephalad portion of the cleft (between segments I and 

II) and at the level of the suprahepatic vena cava, the 

insertion of the common trunk of left and middle he- 

patic veins into the IVC can be encircled and divided 

between clamps or by the use of a stapling device. This 

technique may also be applied to encircle the left he- 

patic vein alone, as is done in left hepatic lobectomy. 

The entire left lobe of the liver has now been devascu- 

larized while keeping segments V and VIII in the right 

lobe vascularized. Once the left and middle hepatic 

veins have been divided, the liver can be rotated fur- 

ther downward  and to the right to expose the drainage 

of the right hepatic vein into the IVC. The plane of pa- 

renchymal transection is along the anteromedial aspect 

of the right hepatic vein, which severs venous drainage 

of segments V and VIII, while preserving drainage of 

segments V1 and VII posteriorly. As parenchymal divi- 

sion continues in this plane downward  between the 

anterior and posterior sectors of the right lobe, a short 

period of hilar inflow occlusion will reduce blood loss 

from segments V and VII, which retain their inflow. At 

this point the separation of the right anterior and post- 

erior sectoral vessels and bile ducts is encountered. Pe- 

riodic reassessment of the appropriate dissection plane 

is guided by constant reference to the right hilar stru- 

ctures, exposed by earlier division of the cystic duct 

and artery. The vascular and biliary structures serving 

the right anterior sector (segments V and VIII) are now 

divided, followed by any remaining liver parenchyma, 

to remove the complete specimen. A careful search is 

made for sites of bile leakage or hemorrhage. Closed 

suction drainage and/or  omentum are placed along the 

resection margin before closure. 

22.13.7. Conclusion 

Successful hepatobiliary surgery represents the culmi- 

nation of a challenging and often difficult clinical deci- 

sion process, and, therefore, it is imperative for surge- 

ons to be familiar with current therapies available for 

these patients and their potential complications. Nowa- 

days, technical refinements and advances in imaging, 

aneasthetic, minimally invasive and endoscopic approa- 

ches, allow us to overcome long standing problems in 

the diagnosis and management of malignant as well as 

complex benign hepatobiliary disorders. Although the 

role of a multidisciplinary hepatobiliary team is signifi- 

cant, still, surgical technique, skills and intraoperative 

decision-making represent the ultimate parameters con- 

tributing to a favorable clinical outcome. In this respect, 

attainment and attachment to solid operative principles 

continue to guarantee the patients' welfare. 
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IMAGING STUDIES OF THE LIVER 

L. Thanos, S. Mylona 

23.1.  In t roduct ion - Plain X-Ray 

Thirty years ago, the imaging investigation of the liver 

and the biliary tree began with the plain x-ray. Nowa- 

days it is considered less valuable since the ultrasound 

has become the modality of choice for their initial exa- 

mination. The liver casts an appreciable shadow on a 

simple X-ray film. The hepatic shadow appears homo- 
genous and is mostly formed by the right lobe. It is 
delineated at the right quadrant of the abdomen, though 

modified by individual variations of shape and orienta- 
tion. Its outline is deduced due to contrast differences 
between the right lobe and the right hemidiaphragm 

and lung above, the preperitoneal fat line laterally, and 

the extraperitoneal fat and the kidney below. The liver 

lies approximately at the level of fifth intercostal space 
at the midclavicular line. The lower border extends to 

or slightly below the costal margin and should not cross 
the right psoas margin. The lower anterior edge of the 

liver that is the one  clinically palpated is not directly 
seen on a plain film, but the gas in the right colon usual- 
ly indicates its position. 

The left lobe of the liver is not easily seen in the 
plain x-ray, since it is smaller and centrally located. 

Gas in the stomach may likewise suggest its position. 
An inferior tongue-like extension from the lateral mar- 
gin of the right lobe of the liver indicates Reidel's lo- 
be, frequently found in asthenic women. 

Normally, the biliary radicles and the gallbladder 

are not visible in a plain film (fig. 23.1). 

23.2.  U l t rasonography  

The liver is the largest organ in the human body. Sono- 

graphic evaluation is often requested to assess hepatic 

abnormality as the liver is frequently involved in syste- 

Fig. 23.1. Normal abdomen plain X-ray film. 

mic and local disease. In addition, ultrasound remains 
the initial screening tool of choice for evaluating the 
gallbladder and the bile ducts. A modality with high 
sensitivity and accuracy, it has no ionizing radiation, 
and is fast, flexible and portable. 

It can assess position, size, margins and architectu- 

re of the hepatic parenchyma. The normal hepatic pa- 

renchyma appears homogenous with moderate echo- 

genicity. The liver is hypoechoic compared to the 

spleen, and hyperechoic compared to the kidney. An 

accurate assessment of liver size is difficult with ultra- 

sound because of the limited field of view. Gosink [1] 

proposed to measure its length at the midhepatic line. 

In 75% of individuals a liver length of greater than 15.5 

cm signifies hepatomegaly. Niderau et al [2] measured 
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the liver at the midclavicular line and midline. They 

found that organ size increases with height and decrea- 

ses with age. The mean longitudinal diameter in the 

midclavicular line is 10.5 with SD = 1.5 cm and the 

anteroposterior diameter, at the same level, is 8.1 with 

SD = 1.9 cm [3]. 
As ultrasound allows evaluation of the liver anato- 

my in multiple planes, the radiologist can precisely lo- 

calize a lesion to a given segment for the surgeons ac- 

cording to Couinaud's (most used in Europe) or Bis- 

muth's anatomy (most used in north America). The 

left, middle, and right hepatic veins divide the liver in- 

to four sectors (segments for Bismuth) (fig. 23.2), which 

are further subdivided into cranial and caudal segments 

(subsegments for Bismuth) by the plane of portal vein. 

Each segment has its own blood supply (arterial, por- 

tal, hepatic venous), lymphatics and biliary drainage. 

The portal triad (portal vein, hepatic artery, bile duct) 

runs through the center of each segment, encompassed 

by the hepatic vein. In regard to tumors, color duplex 

sonography in combination with the gray-scale harmo- 

nic contrast-enhanced technique is proved to be very 

useful [4]. 

Normal peripheral bile ducts and hepatic artery 

branches are too small to be imaged on ultrasound, 

thus the portal triad is formed practically by the portal 

vein which is contained within a sheath of connective 

tissue allowing the echogenic wall in the portal vein to 

be viewed sonographically. The portal veins differen- 

tiate from hepatic veins, which are also imaged on ul- 

trasound, because the latter have an almost imperci- 

pient wall and different course. They run from the 

boundaries of each segment towards the inferior vena 

cava. 

The porta hepatis lies in the inferior surface and 

consists of three vessels: the main portal vein, the com- 

mon bile duct and the hepatic artery (fig. 23.3). The 

common bile duct and hepatic artery are located an- 

terior to the portal vein. Normally, the diameter of the 

portal vein is less than 15 mm. 

The size of the common bile duct (CBD) is the 

most sensitive means of distinguishing medical from 

surgical jaundice. The literature contains discrepant re- 

ports regarding the normal diameter of the CBD (from 

4 mm to 8mm) [5, 6]. It is still unclear in literature 

whether the CBD dilates with age [7] or after cholecy- 

stectomy [6, 8]. A simple rule is to rate a CBD up to 10 

mm as normal in elderly patients and in postcholecy- 

stectomy patients. Measurements recorded during X- 

ray procedures (e.g., transhepatic cholangiography, 

ERCP), are greater than the corresponding sonogra- 

phic measurements due to radiographic magnification. 

The diameter of intrahepatic bile ducts is considered 

normal up to 2 mm, or no more than 40% of the dia- 

meter of the accompanying portal vein [9]. 
Normally, the gallbladder appears as an anechoic 

Fig. 23.2. Normal sonographic liver parenchyma appearance. The 
hepatic veins (HV) divide the liver into four sectors or segments and 
form the inferior vena cava (IVC). 

Fig. 23.3. Porta hepatis. Notice the common hepatic duct (CHD) and 
the portal vein (PV) parallel to each other. The hepatic artery (HA) is 
small circle between them. 
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typically ovoid structure with an echogenic pencil-thin 

line wall whose thickness should not exceed 3 mm. Al- 
though the gallbladder neck has a fixed anatomic rela- 

tionship to the main lobar hepatic fissure and the undi- 

vided right portal vein, the anatomic position of its 

fundus varies greatly from each individual to another 

[10], as does the normal size and shape. In general 

terms, if the gallbladder transverse diameter is greater 

than 5 cm and rounded in shape, it is considered hydro- 

pic [11]. On the other hand if its diameter is less than 2 

cm is likely to be abnormally contracted. The gallblad- 

der volume is calculated from the formula [V= 0.52 (L 

- W -  H)]  [12] .  

Its typical ovoid shape frequently varies because of 

folding and kinking (e.g. Phrygian cup deformity, jun- 

ctional fold) [13]. These folds can be mistaken for cal- 

culi and/or polyps. The lack of visualization of the gall- 

bladder can be attributed to many causes, one being 

the variation of a "mobile" or "floating" gallbladder cau- 

sed by a lax or incomplete peritoneal reflection [14]. 

Color duplex sonography (CDS) allows examina- 

tion of the arterial and venous supply of the liver. The 

use of CDS can identify the celiac trunk and each branch 

with its normal variants and possible anomalies (arte- 

riovenous malformations, aneurysms). The common 

hepatic artery, the proper hepatic artery, the right, mid- 

dle, and left hepatic arteries are examined. Aneurysms 

are easily detected with CDS even when at an atypical 

site, thereby enabling elective surgery or embolization 

to be planned. Additionally, CDS is appropriate for 

subsequent monitoring of progression and outcome 

[15]. As regards the venous system, CDS can assess the 

appearance, normal diameter (IVC: 2-3 cm, Portal 
Vein: 0.8-1.3 cm), and possible variants, collaterals and 
arteriovenous malformations. It can evaluate the blood 

flow of IVC, hepatic, and portal veins also (fig. 23.4). 

Color duplex sonography can detect venous or portal 

thrombosis and obstruction, and evaluate liver perfu- 

sion with sufficient accuracy [16]. Furthermore, CDS 

can evaluate portal hypertension detect of collaterals, 

and visualise the umbilical vein ( the most sensitive 

indicator of portal hypertension) [16]. In Budd-Chiari 

syndrome, the obstructed hepatic veins and the cause 

of obstruction are visible. In cases of treatment with 

transjugular portosystemic shunts (TIPS), CDS can de- 

tect normal function and possible complications. 

Sonography is the first choice modality in case of 

Fig. 23.4. Color sonography  indicates the  f l o w  into the  in fer ior  vena 

cava (IVO and the  portal  vein (PV). 

trauma. Since the liver is the second most frequently 

injured solid organ, it can be used to detect intraperi- 

toneal and subcapsular fluid collection and major pa- 

renchymal damage. 

In case of hepatic or biliary surgery ultrasound can 

be used for preoperative assessment. If liver biopsy is 

necessary, it is a perfect real time modality in the per- 

cutaneous guidance of the needle. Postoperatively, or 

post chemoembolization, sonography detects any pos- 

sible complication and serves, in case of abscess or bi- 

loma formation, as guided modality in percutaneous 

drainage. 

Ultrasound is used preoperatively in liver transplan- 

tation to assess the organ (parenchymal and vascular 
status) and the whole abdomen, and to detect any fin- 
ding that may alter patient selection. Post transplanta- 

tion it further serves in the assessment of liver paren- 

chyma, evaluation of bile ducts and vascular patency 

and assessment of possible fluid collections. 

In instances of non surgical hepatic carcinoma and 

metastatic disease sonography is a guided modality for 

percutaneous thermal radiofrequency ablation. 

23.3. Computed Tomography 

Computed Tomography (CT) is a standard imaging 

modality for the liver. It is principally used for the 
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evaluation of liver tumors, but can also provide useful 

information for a great number of other diseases. In  

comparison to ultrasound, it offers superior evaluation 

of the liver that is frequently required preoperatively. 

It requires minimal cooperation from the patient and 

compared to MRI presents a more reliable image of 

higher quality. 

Normal liver parenchyma should appear homoge- 

nous, without any focal lesions and with a well defined 

surface. It has attenuation of 55 to 65 HU. In diffuse 

fatty infiltration each 10% increase in proportion of fat 

decreases its attenuation approximately 15 HU [17]. In 

the unenhanced CT scan the vessels within the normal 

liver appeared of low attenuation, round, oval or length- 

wise in shape. The falciform ligament can be visuali- 

zed. 

In CT scans, the liver is divided according to either 

Couinaud's or Bismuth's anatomy. 

CT scanning of the liver is usually a part of an abdo- 

minal examination (upper or complete). A noncontrast 

scan is required only in a few pathologic conditions 

such as traumatic hemorrhage, fibrosis in cirrhosis, 

calcifications, hemochromatosis, and in assessment of 

hypervascular tumors, some of which are better de- 

monstrated (<5%) [17]. CT scanning assessment of the 

liver is always performed after use of intravenous con- 

trast material. In most cases, such as known malignan- 

cies giving hypovascular matastases e.g. colorectal 

cancer, where 75-80% of hepatic blood comes from 

the portal vein, imaging in the portal venous phase is 

deemed sufficient [17, 18]. The liver in this phase (60 

secs - 70 secs after the contrast material injection) has 

a homogenous and high uptake of the contrast material 

and the lesion-to-liver contrast is better seen (fig. 

23.5a). The portal vein at the porta hepatis and its 

intrahepatic ramification are delineating in this phase. 

Multidetector CT can easily delineate hepatic venous 

anatomy and accurately identify normal venous va- 

riants. Hepatic vein mapping is also important prior to 

liver resection or transplantation, as the course of the 

middle hepatic vein determines the plane for formal 

right or left hepatectomy and allows preoperative pre- 

diction of the postoperative liver volume [17]. 

It is often necessary to perform delayed scans. An 

early delayed scan in 3 mins to 5 mins after contrast ma- 

terial injection shows better hemangiomas and small 

cysts. A late delay scan in 10 mins to 15 mins identifies 

small cysts and tumors with a large fibrotic component 

(e.g., cholangiocarcinoma, encapsulated HCC, some 

nodular NHL-  Non-Hodgkin's Lymphoma) [17]. 

In instances where hypervascular lesions are suspe- 

cted, partial liver surgical resection is planned or in a 

pre-surgery screening in case of malignancy that cau- 

ses metastatic liver disease, an arterial phase (20 secs - 

30 secs after the contrast material injection) is reque- 

sted in addition to the standard portal phase (fig. 23.5b). 

In this phase the liver contrast material uptake is less as 

hepatic artery offers only the 20%-25% of its supply. 

The hepatic artery and its branches are delineating in 

this early phase [17, 18]. The CT can be further used in 

this phase to diagnose a variety of arterial pathologies, 

Fig. 23.5. a) Arterial phase b) Portal phase. Enlarged liver left lobe 
which envelopes spleen. A tiny cystic lesion is seen. 
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including aneurysm and pseudoaneurysm of the hepa- 

tic artery and hepatic infarctions. An early arterial pha- 

se is helpful for pre-surgery 3D reconstruction of the 

arterial supply but rarely increases tumor detection [19]. 

The intrahepatic biliary tree branches are rarely vi- 

sualized in pre and post contrast CT scanning. Their 

course is parallel to portal vein ramifications and new 

technology equipment may allow their visualization as 

low attenuation foci [20]. Only the ducts with diameter 

2 mm-3 mm appear on noncontrast CT scans, and ducts 

with 1 mm-2 mm diameter on contrast images [21]. 

The common bile duct (CBD) and the common hepatic 

duct (CHD) appear as rounded water attenuation stru- 

cture at the porta hepatis [22]. Their wall, if identified, 

is hyperdence and has a thickness of less than 1.5 mm. 

The CBD begins from the liver hilum and gradually ta- 

per in diameter as it runs towards the ampulla of Vater 

within the hepatoduodenal ligament. Its normal dia- 

meter is up to 5 mm; 6 mm to 7 mm is considered mar- 

ginal [21]. After cholecystectomy or in elderly indivi- 

duals, diameters up to 10 mm are still considered nor- 

mal. After IV injection of contrast material, both CHD 

and CBD are better demonstrated as low attenuation 

circles against the contrast enhanced hilum vessels and 

pancreatic parenchyma, respectively. 

The gallbladder is round or ovoid homogenously 

hypoattenuating structure (0 to 15HU) with a size up to 

50 ml and a well defined thin wall, less than 3 mm on 

noncontrast CT scans, located at the inferior border of 

the liver between IV and V segments. The cystic duct 

has a diameter less than 2 mm, and usually is not seen 

[21]. 

With modern equipment, the visualization of bilia- 

ry tree anatomy is improved and anatomical varia- 

tions, strictures, and small masses can be identified. 

Prior to liver transplantation, intra- and extrahepa- 

tic vascular road mapping may not only prove essential 

to the technical success but may also decrease the 

incidence rate of vascular complications. Moreover, it 

is of great help in the curative partial liver resection in 

patient with malignant tumors, as it delineates the rela- 

tionship of tumor to adjacent vessels, and estimates the 

tumor-free margin thus avoiding wrong surgical proce- 

dures [18]. In addition, it ensures an adequate intra-ar- 

terial chemotherapy infusion pump position within the 

desired artery. 

The development of intra-arterial contrast injection 

techniques improved detection of liver lesions, namely 

CT hepatic arteriography (CTHA), first described by 

Prando et al [23] and CT arterial portography (CTAP). 

These are interventional procedures and must not be 

used as screening tools. In CTHA a catheter placed un- 

der fluoroscopic guidance into the main hepatic artery, 

allows direct contrast material infusion during CT scan. 

It is mostly performed in surgical candidates with liver 

cirrhosis and suspected HCC and nowadays often in 

conjunction with spiral CTAP [24]. In CTAP the con- 

trast material is injected directly into the superior me- 

senteric artery or splenic artery. This results in a tre- 

mendous enhancement of normal liver parenchyma 

due to selective delivery of contrast into the portal ve- 

nous system [24, 25]. It is used in planning partial he- 

patectomy (to exclude tumors in residual liver seg- 

ments, detection rate greater than 90% for lesions >1 

cm in diameter, but is of very limited specificity be- 

cause all lesions appear as hypoattenuating [18]). Cirr- 

hosis and large tumors can limit its effectiveness. 

One of the new multidetector row CT applications 

is CT angiography. Nowadays, there is the tension to 

replace the standard diagnostic digital angiography to 

depict vascular anatomy [26]. CT angiography provides 

the surgeon with information regarding the anatomy of 

the celiac trunk, hepatic arteries, hepatic and portal ve- 

nous system before liver resection or transplantation, 

helps the planning of chemoembolization, and ena- 

bles surgical implantation of chemotherapy catheters 

by depicting the anatomy of the gastroduodenal artery 

and the origins of proper, left, middle, and right hepa- 

tic arteries (fig. 23.6). In post-liver transplantation it 

serves in the detection of hepatic arterial complica- 

tions [27]. The venography can also identify the ve- 

nous system, helping to visualize hepatic and portal ve- 

Fig. 23.6. CT arteriography. 
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nous major variations and to identify portosystemic 
collaterals in case of individuals with portal hyperten- 

tion [28]. 
Another modern CT application is CT cholangio- 

graphy which involves oral or IV administration of 
cholangiographic contrast material to opacify the bilia- 
ry tract. Using inner surface of the biliary system can 

be appraised by using virtual endoscopy combined 

with virtual CT cholangioscopy [21] 
Virtual hepatectomy can be performed with multi- 

detector row CT. This technique enables the surgeons 

to plan the extent of hepatic resection, estimate the li- 
ver volume to be ablated and predict, in combination 

with hepatic laboratory tests, the function of the remai- 
ning hepatic parenchyma [29]. 

CT is also the modality of choice for classification 
of known hepatic or biliary trauma. According to clini- 

cal and imaging findings, 20%-40% of patients can be 

conservatively managed. 
CT further serves in the follow-up of hepatobiliary 

surgery in malignancies, and in postoperative compli- 

cation (bilomas, abscesses, hematomas) as a guiding 

modality for percutaneous drainage. 
Where primary or metastatic hepatic tumors cannot 

be managed surgically, CT-guided tumor ablation pro- 
vides a minimally invasive alternative therapy. 

23.4 .  MRI Of the  Liver 

Although MRI is not a first line routine examination for 
the evaluation of the liver pathology it is more sensiti- 
ve in characterizing various lesions, detecting the 
smallest of them and helps in confirming diagnosis in 
cases where ultrasound and CT are unequivocal. Its use 
in gallbladder diseases is limited. As for the billiary 
tree the most useful and familiar procedure is MR cho- 

langiopancreatography (MRCP) (fig. 23.7). This proce- 
dure in a 3D reconstruction which visualises the com- 

mon hepatic duct and its main branches as well as the 

common bile duct, providing amenable pathology in- 

formation [30]. 
The current standard MR imaging examination of 

the liver includes a combination of T1- and T2- weigh- 
ted sequences followed by the acquisition of dynamic 
contrast-enhanced T1- weighted images following in- 
jection of a rapid bolus of gadolinium chelate (fig. 23.8a, 

Fig. 23.7. MR cholangiopancreatography. 

23.8b, 23.8c). T1 weighted images give information on 
density and spatial resolution, whereas T2 weighted 

images differentiate normal liver parenchyma from tis- 
sues with high water content, thus distinguishing be- 
nign from malignant lesions. A normal liver usually has 

similar or higher signal intensity on T1 weighted ima- 
ges compared with muscles [31]. Highly concentrated 
bile, as in fasting patients, appears hyperintense, whe- 
reas when diluted it appears hypointense on T1 weigh- 

ted images [32]. 
The combination of in -phase and opposed- phase 

T1 weighted gradient echo (GRE) is useful in demon- 
strating fatty tissue. They serve to diagnose, diffuse or 
focal fatty infiltration, and the presence of lipid .within 
a liver tumor. A dynamic GRE T1 weighted series after 
intravenous injection of gadolinium chelate is used when 
lesion characterization is required, and may prove su- 
perior to unenhanced T2 images in the early detection 
of small liver lesions [33]. Rapid dynamic gadolinium 
enhanced GRE T1 images are useful in demonstrating 
the vascular structures and differentiating hypoattenua- 
ted lesions from hyperintense blood vessels. 

In T2 waited images normal liver parenchyma ap- 
pears low-to-intermediate signal intensity [33]. For 

better visualization and characterization of liver paren- 

chyma fast or turbo spin echo techniques (FSE) are 

preferred as they give higher contrast between fat and 
iron or other metals, differentiating embolization coils 

or IVC filters [34]. For better characterizations of liver 
cysts and haemangiomas, heavy T2-weighted images 

are used [35]. 
Fat suppression techniques on both T1- and T2- 
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Fig. 23.8. a) TIWI b) T2WI c) TIWI after IV contrast material admini- 
stration: Two lesions are visualized with enhancement in VII and VIII 
liver segments. 

weighted images decrease the motion artifacts from 
subcutaneous and intra-abdominal fat, and increase the 
ability to distinguish subtle differences in soft tissue 

signal intensity. It can be used when performing a dy- 

namic contrast-enhanced study to increase tumor-to- 

liver contrast [33]. 
Most imaging of the liver is performed to evaluate 

focal disease. Liver-directed contrast agents were de- 

veloped for better liver tumor characterization [34]. 

Superparamagnetic iron oxide (SPIO) is a liver specific 

contrast agent, which is cleared from blood by the reti- 

culoendothelial system. It concentrates on functioning 
Kupffer's cells of the hepatic parenchyma and within 

the intracellular space over time. Most liver tumors do 

not possess Kupffer's cell or the ability to uptake this 

agent. Iron oxide results in paramagnetic effects that 

decreases signal in normal liver parenchyma on T2- 

weighted images, facilitating tumor detection. Tumors 

with intermediate to high signal on T2-weighted se- 

quences do not take up contrast and become more 

conspicuous as the background of normal liver deve- 

lops progressively to lower signal due to uptake of iron 

oxide [36]. 
The hepatobiliary contrast agents (HBCA), a T1- 

shortening agent, is taken up by normal hepatocytes 

through the same transport mechanism used by circu- 

lating bile salts, and secreted into the bile duct canali- 

culi without being metabolized. Adequate liver uptake 

requires at least 20 minutes delay after intravenous 

administration and results in elevated signal on T1- 

weighted spoiled gradient echo (SGE) images in nor- 

mal liver and bile ducts, rendering focal liver masses, 
which lack functional hepatocytes, as relatively lower 
signal foci [36]. As with SPIO, HBCA lack critical dyna- 
mic enhancement characteristics. Furthermore, certain 
benign and malignant tumors have been shown to take 

up the HBCA, becoming relatively less conspicuous [37]. 

The depiction of the biliary tree is based on high 
signal techniques, in which the bile appears bright. 

Such techniques include the contrast enhanced Fourier 

acquired steady state (CE FAST) and fast spin echo 

(FSE) pulse sequences without contrast media admini- 

stration. Preliminary data suggest that CE-FAST techni- 

que is more effective in revealing the cause of obstru- 

ction in malignant biliary or pancreatic disease, whe- 

reas the FSE technique is more accurate in demonstra- 

ting choledocholithiasis [38]. 
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Finally MR angiography is a virtual non operative 

technique that can be used as CT angiography for as- 

sessment of hepatic (arterial and venous) vessels. 

23 .5 .  S c i n t i g r a m s  - PET Scanning 

The liver scan is essentially obsolete in standard clini- 
cal practice. It can be used in certain niche areas with 
excellent results, yet it has no presence in daily practi- 

ce [39]. Hepatic scintigraphy is performed to help de- 

termine how well the liver is functioning. It is also 

used to help confirm other test results. 
The liver parenchyma contains two main cell types, 

the hepatocytes (effecting metabolic function such as 

bile production) and the Kupffer cells (histiocytic cells 

of the rericuloendothelial system). The radiopharma- 
ceutical is tailored to the clinical indication [40]. Table 

23.1. 

cell or the ability to uptake this agent. Abnormal results 

are detected as hepatomegaly (e.g., hepatitis, heart fai- 

lure, tumors), innomogeneity (eg., metastases, hepatitis, 

fatty metamorphosis), focal defect (e.g., cyst, tumor, 

abscess), and increased focal uptake (e.g., inferior vena 

cava obstruction, focal nodular hyperplasia, regenerati- 

ve nodule). In cases of suspected hepatic hemangioma 
a 99mTc-labeled red blood cells test is used which has 

a 100% positive predictive value [41]. 
Briefly, the liver scan can be of great help in distin- 

guishing focal fatty infiltration from a more significant 

mass; in confirming the presence of a macroregenera- 

tive nodule (and distinguishing this mass from a HCC); 

and in characterizing primary liver tumors and tumor- 

like conditions, particularly focal nodular hyperplasia 

[39]. 
For the study of the billiary tract, a gamma emitting 

tracer (99mTc-HIDA) is used to assess gallbladder fun- 

ction, and/or look for an infected gallbladder or ob- 
structed bile ducts [42]. Morphine sulphate or cholecy- 
stokinin may be used, when necessary. This test is very 
effective in detecting acute infection of the gallbladder 
or blockage of a bile duct. It is also helpful in determi- 

ning whether there is rejection of a transplanted liver. 

Furthermore, it is the procedure of choice in evalua- 

ting surgical biliary-enteric anastomoses [43], and is 
the only non-invasive procedure for direct documenta- 

tion of biliary leakage (fig. 23.9). 
The radionuclide is administered intravenously af- 

ter 2 hours fasting and is taken up by functioning hepa- 

The liver maximum agent uptake is about 15 min 

after the injection. Views in anterior and oblique posi- 

tion are taken at 5min, 15min, 30min and 60min. A 

normal liver appears with homogenous parenchymal 

radioactivity which should decrease to less than one- 

third of its peak intensity within 1 hour. Tracer should 

be seen in either the gallbladder or intestine within 15 

minutes or earlier. As mentioned above, most liver 

tumors, especially malignant, do not possess Kupffer's Fig. 23.9. Normal cholescintigraphy, en-series. 
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tocytes and excreted into the bile. The functioning 
liver parenchyma is delineated homogenous at 15 to 
30 min, the extrahepatic biliary tract at about the same 

time. The gallbladder finally becomes visible 10 min 
onwards. The radionuclide is excreted into the bowel 
at 1 hour, providing morphologic and functional infor- 
mation (e.g., cholecystitis, bile duct obstruction, hepa- 
tobiliary system cancer). 

FDG-PET provides a functional metabolic map of 

glucose uptake in the whole body. FDG is a glucose 
analogue that is labeled with a positron emitting radio- 

isotope. The resulting radiopharmaceutical 18-fluoro- 

deoxy-glucose (F-18 FDG) is taken up by metabolically 
active tumor cells using facilitated transport similar to 
that used by glucose [40]. Malignant cells have an ele- 
vated glucose utilisation compared with that in healthy 
tissue [44]. Increased metabolic activity in malignant 
tissue is accompanied by increased glucose uptake re- 
lative to that of surrounding normal tissue. This focal 
increase in glucose uptake can be detected with FDG 
PET, which allows identification of malignant tumor 
foci. 

The rate of uptake of FDG by tumor cells is propor- 
tional to their metabolic activity. Since FDG is a radio- 
pharmaceutical analogue of glucose, it also undergoes 
phosphorylation to form FDG-6-phosphate like gluco- 
se; however, unlike glucose, it does not undergo fur- 
ther metabolism because expression of glucose-6-phos- 
phatase is often significantly decreased, thereby beco- 
ming "trapped" in metabolically active cells allowing 
visualisation by PET [45]. 

In normal liver parenchyma, the concentration of 

glucose-6-phosphatase is high, causing rapid clearance 
of FDG from the liver. This may account for the mild 
intensity of the normal liver on whole-body PET, 
especially at later imaging times post tracer injection 
[46] (fig. 23.10). 

Liver malignant tumors (primary and metastatic) 
avidly accumulate FDG [40]. Liver metastases account 
for the most malignant hepatic tumors. FDG-PET holds 

great sensitivity (90%) in detecting liver metastases and 

differentiates them from primary tumors. It has been 

used in patients scheduled for primary tumor surgery 

or for solitary metastatic lesion in the liver. Frequently 

disease is show to be more extended by FDG-PET than 

that shown by CT and MRI, changing the whole con- 
cept in management [47]. 

Fig. 23.10. Normal whole body PET-scan. 

FDG-PET can detect cholangiocarcinoma of consi- 
derable size, but can also visualise unsuspected extra- 
hepatic metastatic disease. Gallbladder carcinoma in 
most cases is presented as incidental finding at chole- 
cystectomy. PET can differentiate benign from malig- 
nant tumors with sensitivity 75% and specificity 87.5%. 
Metastatic disease and local recurrence can equally be 
detected [48]. 

23.6 .  A n g i o g r a p h y  

With the development of new non invasive imaging te- 
chniques the indications for hepatic angiography have 
narrowed and are strictly defined. Today, angiography 
is mostly performed as part of interventional procedu- 

res, as in embolization of tumors and vascular lesions 

(traumatic hemorrhage, arteriovenous malformation), 

balloon dilatation of occluded hepatic veins, thrombo- 

lysis of portal vein and transjugular intrahepatic porto- 
systemic shunt (TIPS). 

Arteriography is used to evaluate hepatic neo- 

plasms when other diagnostic tools and needle biopsy 
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fail to produce a satisfactory diagnosis (fig. 23.11). 
Such is the case of a large regenerating nodule which 
needs to be differentiated from a possible hepatocel- 
lular carcinoma and the case of pathologic uncertainty 
of tumor malignancy that may have angiographic featu- 
res that avouch diagnosis. Another role of hepatic an- 
giography is the preoperative surgical mapping in case 
of hepatectomy or transplantation. Arteriography re- 

mains a prime diagnostic tool in this situation till now, 
although MR- and CT-angiography with modern equip- 
ment tend to replace it in many centers [17]. Other 
current indications include preoperative evaluation of 
portal hypertension, vascular malformations, trauma 
and Budd-Chiari syndromes. 

In unresectable tumors, transcatheter chemoembo- 
lization may be chosen for treatment. 

The anatomy of liver differs from other organs by 
its dual, arterial and venous supply. The branches run 
parallel to one another and terminate in the acinus. 
Blood flows through the hepatic sinusoids into the pe- 
riphery of each acinus. These small vessels drain into 
the three major hepatic veins which enter the inferior 
vena cava and define surgical lines of cleavage. 

The arterial supply of liver is variable. Michels [49] 
has described 10 anatomic categories. He found that 
only 55% of the cadavers studied had complete arterial 
supply from a common hepatic artery arising from 

Fig. 23.11. Digital subtraction arteriography of the liver after sele- 
ctive catheterization of the hepatic artery. 

celiac axis. A branch of the superior mesenteric artery 
(SMA) provided a complete blood supply (replaced 
right hepatic artery) or incomplete supply (accessory 
right hepatic artery) to the right lobe in 17%. Replaced 
or accessory left hepatic arteries arose from the left ga- 
stric artery in 25%. Rarely one may find the hepatic ar- 
tery originating from the SMA or left hepatic artery. 
The middle hepatic artery is as likely to come from the 

right hepatic artery as from the left. 

The diagnostic accuracy of hepatic angiography has 
been reported between 74% and 96%. Presence of 
cirrhosis or obstructive jaundice can make diagnostic 
interpretation considerably difficult. Certain lesions 
can have non specific angiographic characteristics but 
nevertheless many of them have a sufficiently chara- 
cteristic appearance to make angiography worthwhile. 
Angiography is reserved for those in whom surgical re- 
section is required determining the vascular anatomy, 

or in preoperative embolization. Arteriovenous mal- 
formations and arteriovenous fistulae can easily be de- 

tected and embolized. Arteriography is of limited va- 
lue in diffuse liver disease. 

Angiography is used in prospective liver transplant 
recipients for determination of arterial anatomy, IVC 
patency and portal vein patency. It is also useful in post 
transplantation individuals to evaluate arterial stenosis 
or thrombosis, and diffuse intrahepatic arterial narro- 
wing and arterioportal shunting indicating rejection 

[50]. 
The Budd-Chiari syndrome is caused by obstru- 

ction of hepatic venous outflow resulting in conge- 
stion, portal hypertension and progressive liver failure. 
Obstruction can be due to thrombosis of hepatic veins 
or IVC, tumoral invasion of the vessels or vascular 
webs and can be partial or complete. The treatment of 
complete obstruction is surgical placement of a porto- 
caval shunt and the less invasive procedure of transju- 

gular intrahepatic portosystemic shunt placement (TIPS) 

[51]. 
Conclusively the most direct evidence for Budd- 

Chiari syndrome is provided by IVC cavography and 

hepatic venography with pressure measurements in all 

vessels studied. Failure to opacify any veins gives the 

presumptive diagnosis of hepatic vein occlusion. Multi- 
ple veins should be entered, if possible, to exclude the 
eventuality of partial Budd-Chiari syndrome. 

Portal venography (fig. 23.12) which is primarily 
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pursue various collaterals to rejoin the systemic circu- 
lation. Potential portosystemic communications inclu- 
de left portal vein to paraumbilical veins, superior re- 

ctal veins, spontaneous splenorenal or other retroperi- 

toneal shunts, left gastric or short gastric branches to 

the azygos system by way of eosophageal veins. Ob- 

struction of main portal or splenic veins can result in 

the emergence of gastroepiploic, pancreatic or biliary/ 

gallbladder venous collaterals. 
Hepatic venography transjugular venous biopsy may 

be performed in patients with coagulopathy and diffu- 

se liver disease for whom percutaneous transhepatic 
biopsy would be a high risk procedure. 

23.7. Needle Biopsy of the Liver 

Fig. 23.12. Digital subtraction portography. 

used for evaluation of patients with portal hyperpen- 
sion prior to portosystemic shunt surgery or TIPS, 
assesses the patency and size of portal, splenic and me- 

senteric veins as well as the direction of flow and pre- 

sence of portosystemic collaterals [52]. 
Other indications for portal venography include 

problems following placement of a portosystemic shunt, 
suspected mesenteric venous thrombosis, colonic or 

small bowel varices, and preoperative localization of 
functioning pancreatic islet cell tumors. 

Hepatic transplantation is dependent on the paten- 
cy and the size of portal vein. 

Large portosystemic collateral vessels may jeopar- 
dize portal perfusion in patients with liver transplants; 
preoperative recognition and intraoperative ligation 
improve graft and patient survival [53]. 

Portography is occasionally useful for determining 
if hepatic, pancreatic or other intrabdominal tumors 
are surgically resectable. 

The portal venous system drains blood from the 

small bowel, stomach, spleen, pancreas and colon. The 

confluence of the superior mesenteric vein at the pan- 

creatic head forms the portal vein. The inferior mesen- 

teric vein usually enters the splenic vein several centi- 

meters from the origin of the portal vein. 

If normal portal flow is obstructed, blood flow may 

The liver is frequently involved in a variety of diseases, 

focal or diffuse, benign or malignant, whose detection 

has been facilitated by the stride in cross-sectional 

imaging techniques. Nevertheless the characterization 
of a hepatic lesion seems unequivocal. Even in the pre- 
sence of known primary tumor, liver lesions cannot al- 

ways be assumed to be caused by metastasis [54]. On 

the other hand the new sophisticated therapeutic pro- 

tocols demand a specific diagnosis. Biopsy provides 

the solution bearing sensitivity greater than 90% in 

liver than in most study series, even in cases of lesions 

as small as 0.5 mm [55, 56]. It is a safe and accurate 

diagnostic procedure for the evaluation of focal or dif- 

fuse hepatic disease that has been well established in 
recent years. The success rate has increased following 
new innovations in biopsy needles (larger calibre cut- 
ting needle that provide a tissue core), and improve- 

ment in image quality and cytologic and histopatholo- 
gic techniques [57, 58]. 

The modalities of choice for imaging guidance are 
fluoroscopy, ultrasound (US), computed tomography 

(CT), magnetic resonance imaging (MRI) or a combi- 

nation of these. The selection depends on the availabi- 

lity of equipment and personal preference, the expe- 

rience of the radiologist performing the biopsy, the pa- 

tient's somatotype, the lesion's location, and the relati- 

ve cost. 

Fluoroscopy is usually used for interventional pro- 

cedures in biliary tract and not for biopsy of liver tu- 

mors. Ultrasound is the modality of choice since, corn- 
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pared to CT-guided biopsy, it is more readily available, 

easier to perform, less expensive, and does not expose 

the patient to radiation. There are attached guides that 

can be fitted to transducers to facilitate the biopsy. 

Although these guides are widely available, many ra- 
diologists prefer the hand-free approach. It is optimal 

for biopsy of superficial or of moderate depth lesions 
in slim or average-sized individuals. In patients with 
anatomic variations (e.g., Kilaiditi syndrome), in le- 
sions in difficult locations (close to the dome of the he- 
midiaphragm) and in obese individuals, guidance un- 

der CT is preferable [57] (fig. 23.13). Also CT- guided 

biopsy is universally favoured because of better visua- 

lization of the needle inside the parenchyma, and bet- 

ter spatial resolution. The only disadvantages are that 

there is no real time imaging of the needle during the 

insertion, the modality is not always available, and it 

has a relatively higher cost [59]. MRI is rarely used as a 
guided modality in liver lesions that are non-visible 
with CT or US images. This modality requires the use 

of special compatible needles which create a small ar- 

tifact [60]. 

Whilst there are no absolute contraindications to 
liver needle biopsy, there are three relative. The first is 

an uncorrectable bleeding diathesis with an internatio- 

nal normalized ratio [INR] >1.5 or a platelet count less 

than 50-109/L. Plugged biopsy is proposed from some 
authors in such cases to decrease the risk of hemorrha- 
ge [61]. The second is, an unsafe access route to the 

lesion (large vessels), and the third is an uncooperative 

patient. In ascites, considered a contraindication for 

percutaneous liver biopsy in the past, no statistically 

significant difference in rates of major complications 

has been proved irrespective of the needle types used, 
the number of biopsy passes made, or the type of ima- 

ging modality employed [62]. 
Most biopsies are performed with local anaesthesia 

under sterilized conditions on an outpatient basis. The 
whole procedure with its rare but possible complica- 

tions explained to the patient. Knowledge of the pro- 

cedure leads to a better patient collaboration. 

The patient lies in a comfortable supine position. 

The optimal (shortest and safest path, avoiding large 
vessels [e.g., IVC,, hepatic arteries] and adjacent stru- 

ctures [lung, intestine, gallbladder] [57] inlet is sele- 

cted from the available images. The needle is advan- 
ced into the lesion under guidance from the chosen in- 
let. There are two different techniques that are used 
for multiple tissue sampling. The single-needle techni- 
que, where one needle is used to make one or more 

insertions into the tumor, (fig. 23.14) and the coaxial 

technique, through a large calibre needle which enters 
first into the lesion and serves as a guide followed by a 

second longer and finer needle. This last technique has 

the advantage of allowing more than one sample to be 
taken with one puncture of the organ. Multiple core 

specimens must be obtained in order to confirm speci- 

fic diagnosis. 

Fig. 23.13. Transthoracic liver biopsy under Ct-guidance in a subdia- 
phragmatic lesion in VIII segment. 

Fig. 23.14. Insertion of the needle in to the liver tumor. 



L. Thanos, S. Mylona 329 

The spec imens  handl ing techniques  differs among  

institutions, so the radiologist  pe r fo rming  the biopsy 

must have a prior  discussion with the pathologist  of 

the laboratory elaborat ing the tissue. Whatever  the la- 

bora tory  techniques,  spec imens  must be handled  with 

care. If an electron microscope  is available, spec imens  

are d ipped in formaldehyde or in gloutaraldehyde. If mi- 

crobiologic,  PCR and culture studies are requi red  they 

are placed neat in sterile boxes. A post -procedura l  con- 

trol is pe r fo rmed  to detect  early complications.  If an 

outpatient,  the patient  remains on a stretcher in the ra- 

diology depar tmen t  for observat ion 1 to 5 hours after 

which  they are discharged. The inpatients remain  in 

bed. 

The most  serious complicat ion and the major  cause 

of death associated with the p rocedure  is liver hemorr -  

hage. Other  complicat ions  referred to in the literature 

include pneumothorax ,  biliary peritonitis,  subcapsular 

hematoma,  intrahepatic ar ter iovenous  fistula. A large 

needle  size will result in greater  diagnostic accuracy 

but will also result in an increased complicat ion rate 

[63]. Correct ion of abnormal  coagulation indices befo- 

re the procedure ,  patient  col laborat ion and prudent  

pe r fo rmance  of  the p rocedure  with the immedia te  

pos t -b iopsy follow up reduces the incidence rate of 

complicat ions.  

In regard to coagulopathy there are two me thods  of 

pe r fo rming  a liver biopsy: the p lugged biopsy, ment io-  

ned  earlier, and the transjugular biopsy [64]. Liver cap- 

sule t ransgression is avoided  with the second techni- 

que. The right internal jugular vein is catheter ized un- 

der  f luoroscopic control, and the catheter  is advanced  

through the inferior vena cava into a hepatic vein. A 

long biopsy cutting needle  is advanced  through the 

hepatic vein wall into the liver pa renchyma  and a spe- 

c imen is taken. This m e t h o d  can be used only to diag- 

nose diffuse hepatic disease. 
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THREE DIMENSIONAL (3D)COMPUTED TOMOGRAPHY 
IMAGES RECONSTRUCTION IN LIVER SURGERY 

O. Damrah, R. Canelo, D. Zacharoulis, P. Tait, L.R. Jiao, N. Habib 

24 .1 .  I n t r o d u c t i o n  

Advancement in radiological imaging technique has been 

crucial in the development of most of the surgical fields. 

Planning for operations needs good visualization of the 

organ and localization of the lesion within it, which was 

possible by Computed Tomography (CT) & Magnetic 

Resonance Imaging (MRI). However, without know- 

ledge of major blood vessels or other important structu- 

res related to the lesion, surgery cannot be performed 

curatively and safely at the same time. In neurosurgery, 

this fact has been early recognized and three-dimen- 

sional (3D) imaging technique widely adopted to in- 
crease accuracy of the procedures. Similarly, recon- 
structed 3D images have been very useful in orthopae- 

dic and maxillofacial surgery as well [1]. And recently, 

it has been widely implicated in liver surgery; liver 

transplantation and oncologic liver resection 

24 .2 .  L iver  A n a t o m y  

Surgeons have to know the anatomical and clinical pe- 
culiarities of the liver in order to be able to determine 
the site and extent of liver damage, its relationship 
with blood vessels and determine exactly which part 
of the liver should be resected. 

Many anatomical classifications of the liver were pro- 

posed, in this chapter we will refer to Couinaud's classifi- 

cation on which liver resection planning has been based. 

C. Couinaud in 1957, suggested dividing the liver 

based on portal and hepatic veins. He proposed a divi- 

sion into eight segments by the third order branch of 
portal vein (fig. 24.1). 

C. Couinaud divided the liver into functional parts: 

left and right liver by a main portal scissurae contai- 

ning the middle hepatic vein which is known as Can- 

tlie's line. The surface markings of Cantle's line corre- 

spond to a plane passing from the middle of the gall- 

bladder fossa anteriorly to the left side of the inferior 

vena cava posteriorly. Each right and left liver is subdi- 

vided by the left and right hepatic veins, lying in the 

left and right portal scissurae, respectively [2]. 

The right portal scissura passes at from a point at 

the right gallbladder fossa border back to the confluen- 

ce of right hepatic vein with the inferior vena cava 

posteriorly. The right liver is hence divided into two 

sectors: right lateral sector, lying posterolateral and 

another right paramedian sector, lying anteromedially. 

Each sector consists of two segments: the right lateral 

sector consists of segments VI and VII and right para- 

median sector of segments V and VIII. The left portal 

scissura or umbilical scissura lies posterior to the liga- 

mentum teres within the liver parenchyma and corre- 

sponds to a plane passing from the confluence of the 

left hepatic vein with the inferior vena cava towards 

the most lateral left lobe tip, dividing it into left para- 

median and left lateral sectors. The left paramedian 

sector consists of segments III and IV. The left lateral 

Territory supplied 
by 3rd order branches 

Fig. 24.1. The essence of Couinaud's idea, 
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sector is comprised of only one segment II, which is 

the posterior part of the left lobe [2]. 

The caudate lobe (or segment I) is functionally con- 

sidered an autonomous segment, for its vascularisation 

independent of the portal division and three main he- 

patic veins. 

However, in more recent studies C. Couinaud sug- 

gested that the caudate lobe could be divided into a 

left part or Spiegel's lobe or segment I and the right 

part or segment IX or paracaval portion [3]. 

In summary C. ' Couinaud described eight segments: 

one for the caudate lobe (segment I), three on the left 

(segments II, III and IV) and four on the right (segments 

V, VI, VII and VIII). All segments are numbered clock- 

wise on the diaphragmatic surface and Counter clock- 

wise on a visceral view (fig. 24.2). 

In a study conducted to assess the accuracy and effi- 

cacy of 3D CT-based visualization in LDLT, sixteen 

LDLT candidates and three LDLT recipients were as- 

sessed by multislice CT examination. Image processing 

of the digital raw data for 3D visualization included 

segmentation and calculation of center lines and hie- 

rarchical mathematical model representing the vascu- 

lar and biliary tree was created. It was found that 3D 

CT-based visualization in LDLT facilitates diagnostic 

workup with high accuracy for analyses of vascular and 

bile duct variants, volumetry, and assessment of the 

optimal surgical splitting line of the living donor liver. 

Thus, the diagnostic method is of major impact on 

patient selection and directly influences intraoperative 

surgical guidance [4]. 

24.3. Clinical Application of 3-D 
Reconstruction of the Liver: 3-D Imaging 
and Liver Transplantation 

The appropriate recipient/donor match is a prerequi- 

site for successful living donor liver transplantation 

(LDLT). Thus an accurate knowledge of the liver ana- 

tomy and liver volume is the most important factor in 

determining live liver donor candidates. A 3D visuali- 

zation system that improves anatomic assessment, al- 

lows interactive surgery planning, and acts as an intra- 

operative guide with enhanced precision is required 

[4]. 

Fig. 24.2. C. Couinaud, Liver Division. 

24.4. Oncologic Resections 

Resection of liver tumors increases survival but success 

greatly depends on removal of all tumor tissue. Thus, 

understanding the spatial relationships between the tu- 

mor and the liver with all its architecture, stroma, blood 

vessels and capsule is essential. This can be achieved 

by using the 3-D reconstruction techniques (fig. 24.3), 

which allows accurate determination of the required 

parenchymal resection line (fig. 24.4), with an appro- 

priate safety margin. 

In addition to the determination of spatial relation- 

ships of the liver tumor, 3-D reconstruction is used for 

volumetry to estimate liver resection volume and the 

volume of the residual liver, which is the most impor- 

tant factor in predicting postoperative liver failure. 

3-D CT volumetric measurements are acquired by 

outlining the hepatic segmental contours and calcula- 

ting the volumes from the surface measurements from 

each slice. In order to identify the vascular landmarks 

of the liver, IV contrast administration is essential in 

different phases. With this technique, the total liver vo- 

lume and FLR volume can be calculated immediately 

after scanning [5]. Two techniques of CT volumetry are 

used. The first method measures the volume of the 

entire liver plus tumors and then the volumes of each 

measurable tumor. Total "normal liver" volume is then 

estimated by subtracting tumor volume from total vo- 

lume and calculated as follows [6, 7]: 
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Fig. 24.3. a-b: 3-D reconstruction techniques. 

. . . . .  . . . . .  

i i  

(resected volume - tumor volume) 

/ (total liver volume - tumor volume) 

This method can be difficult with multiple tumors. And 

also this approach does not account for the actual fun- 

ctional liver volume when there is vascular obstru- 

ction, chronic liver disease, or biliary dilation in the li- 

ver to be resected [8]. A more accurate method stan- 

dardizes liver remnant size to individual patient size to 

account for the reality that large patients need a larger 

liver remnant than smaller patients need. CT is used to 

directly measure the FLR. The total liver volume is 

then estimated (total estimated liver volume; TELV) by 

a formula {TELV = -794.41 + 1,267 (54, 62, 63) body 

surface area [BSA]; r2 = 0.454; P < .001} derived from 

the close association between liver size and patient 

size based on body weight and BSA [9, 10]. 

The FLR/TELV ratio is then calculated to provide a 

volumetric estimate of function of the FLR. From this 

method of calculation, called standardized FLR measu- 

rement, a correlation between the anticipated liver rem- 

nant and operative outcome has been established [9]. 

Wigmore [11], conducted a study to establish the 

accuracy of virtual hepatic resection using three-di- 

mensional (3D) models constructed from computed to- 

mography angioportography (CTAP) images in deter- 

mining the liver volume (LV) resected during liver 

surgery. And he found that a significant correlation 

was found between body weight and functional LV but 

not total LV. The computer prediction of resected LV 

after virtual hepatectomy of 3D models compared well 

with resected liver weight. 

Another use of 3-D CT in liver oncology is its use in 

tumor ablation, as the success of RF ablation is depen- 

dent on an accurate positioning of the ablation probe 

[12]. 

Fig. 24.4. Accurate determination of the required parenchymal re- 
section line. 

24 .5 .3 -D  and Training 

Recent developments in 3-D CT have enabled surge- 

ons to visualize the structures of the liver from desired 
viewpoints. In a study conducted by Herfarth [13], da- 

ta of 7 virtual patients were presented to a total of 81 

surgeons in different levels of training; surgeons were 

stratified concerning 2D and different types of 3D pre- 

sentations. It was found that the impact of individual 

3D-reconstruction on surgical planning has been pro- 
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ven to be significant and increases precision quantitati- 
vely. 

24.6. Technique 

re the security margin can be marked by setting a thre- 
shold calculated from the minimum-security distance. 

By combining this information with the image of the 

segmented vessels, the vessels located in the safety 
margin is detected [14] (fig. 24.5). 

3D models are reconstructed from multidetector-row 

CT-MDCT slices. They can also be reconstructed from 

MRI data. Triphasic contrast enhanced MDCT study 

with a four-channel scanner is performed. 120-140 kV 

tube voltage and 300-380 mAs current are used. After 
contrast agent injection with a flow of 5 ml/s 150 ml, 

370 mgI/ml), bolus triggered scans at the early arterial, 

late arterial and portal venous phases are acquired (ap- 
proximately 20, 40 and 65 s after injection). A collima- 
tion of 5mm is used at the arterial phases of imaging 
and a collimation of 2.5mm at the portal venous phase 

scanning [ 14]. 

24.7. Segmentation 

Segmentation of the data, which is the assignment of 

image elements (called pixels or voxels) to different 
anatomical structures, is the next step in the process. 
Segmentation is of crucial importance for both quanti- 
fication and visualization of the image material. The 

segmentation of the vessels can be done automatically 
by using a standard threshold technique because of the 

use of a contrast agent. This segmentation step is based 
on the preceding basic segmentation. Only the voxels 
assigned to the area of the liver are used as data input. 

24.9. Visualization 

A visualization of all interesting regions provides im- 

portant information about the three-dimensional intra- 
hepatic relations. By assigning labels to segmented re- 

gions it is possible to visualize these structures in diffe- 

rent colors. The color visualizations are produced in 
batch mode and the results are presented as a digital 
movie or a video tape. The regions belonging to ana- 
tomical structures are assigned to "natural colors" like 

the liver (brownish), the vessel trees (red), or the tu- 
mor areas (gray). Information gained from the analysis 

is presented in colors like green for the safety margin, 
yellow for the vessels in the safety margin and blue for 

the resection proposals. 

24.10. Analysis 

A quantitative analysis of the image data is an impor- 
tant component in an operation planning system. For 
example, in the case of liver resection planning the 
resection index is a meaningful parameter. This value 
describes the ratio of pre- and post-operative volumes 

of sound liver tissue [ 15]. 

24.8. Data Processing 

Data processing is the calculation of the safety margins 

belonging to each area assigned to the tumor. This 

means to calculate the distance between every voxel 

belonging to sound liver tissue and the areas marked as 

tumor. This is done by a distance transformation. The 

binary image of the tumor is used as the input image. 

The different resolutions (pixel resolution and slice 

distance) are stored in the image header and have to 

be considered during the transformation. We calculate 

the distances in an interpolated data set where the pi- 

xel resolution equals the distance between slices. 
The distance transformation results in an image whe- 

, , , 

I ~ t I [ I 

l " l 
l I 

, 1 l IP" / , 
I / • 
Ii ~ i # 

% / 

Fig. 24.5. Schematic representa t ion  o f  an i m a g e  w h e r e  secur i ty  

marg in  is marked.  
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Fig. 24.6. 
Computer 
assisted 
surgical 
planning 

Fig. 24.7. 

24 .11 .  S o f t w a r e s  for  3-D CT Reconst ruc t ion  

For the interactive planning of liver surgery, three 
systems exist HepaVision2 (MeVis GmbH, Bremen), 

LiverLive (Navidez Ltd, Slovenia) and OrgaNicer 

(German Cancer Research Center, Heidelberg). All the- 
se systems have identified an automatic liver-segme- 
ntation procedure to visualize liver segments, vessel 
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trees, resected volumes or critical residual organ volu- 

mes, ei ther for p reopera t ive  planning or intraoperat ive 

visualization (fig. 24.6, 24.7) [16]. 

24.12.3-D CT and Navigation 

Navigation is the art of finding the way  f rom one place 

to another  [17]. In surgery, computer-ass is ted naviga- 

tion systems are highly advanced  and used in clinical 

routine, mainly in neurosurgery  and or thopedic  surge- 

ry. Real-time movies  of the surgical field can be mat- 

ched  with the virtual object that results f rom CT and 

MR images. In liver surgery, navigation is much more  

complex.  

Critical assessment  of  tumor  resectabili ty of liver 

tumors  is usually d e t e r m i n e d  preoperat ively,  using to- 

mographic  imaging. However ,  this p reopera t ive  infor- 

mation,  at present ,  cannot  be actively used during sur- 

gery to guide resect ions  and p robe  p lacements  for 

ablative therapies (e.g., cryoablat ion or rad iof requency  

ablation). Intraoperat ive u l t rasonography (IOUS) can 

provide  intraoperat ive imaging informat ion regarding 

tumor  location and surrounding vascular anatomy,  but 

it requires special expert ise to pe r fo rm and to interpret  

properly.  A promis ing  step towards  a navigated liver 

opera t ion  is intraoperat ive compute r  project ions of 

preopera t ive ly  compu ted  visualizations in the opera-  

t ion theatre which  demons t r a t ed  their benefi t  for 

bet ter  visualisation and improved  or ientat ion [17]. 
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PREOPERATIVE ASSESSMENT 
OF LIVER FUNCTION 

G. Sgourakis, Th. Christofides, Ch. Con. Karaliotas, Con. Ch. Karaliotas 

25.1.  Introduction 

Hepatic failure following hepatectomy carries a dismal 

prognosis. Inadequate reserve compromises liver fun- 

ction, the ability of the liver to regenerate and results 

in liver failure. Jarnagin et al defined postoperative he- 

patic insufficiency and failure as "prolonged hyper-bili- 

rubinemia unrelated to biliary obstruction or leak, cli- 

nically apparent ascites, prolonged coagulopathy re- 

quiring fresh frozen plasma and/or hepatic encephalo- 
pathy" [ 1 ]. 

From the oncologic perspective a R0 liver resection 

is ideal, but the surgeon has to balance between this 

concept and achievement of a sufficient functioning li- 

ver remnant to sustain life. In an effort to stratify pa- 
tients in regard to the liver reserve and tailor surgical 

intervention, several investigators developed a spectrum 

of methods that range from clinical scores, to the as- 

sessment of metabolic liver pathways and radiological 
imaging. 

Factors influencing the postoperative outcome are: 

1. Larger resections [2], 

2. Presence of > 1 comorbid conditions [1] (diabetes is 
associated with increased postresectomy mortality 
but not all authors share this aspect) [3, 4], 

3. Clinically significant portal hypertention in cirrhotics 
[5] and 

4. Ongoing active hepatitis. 

Although in theory quantitative liver function tests 

are superior to conventional liver function tests becau- 

se they enable evaluation of specific liver functions in a 

quantitative manner, each dynamic test probes only to 

a partial aspect of liver integrity and its derangement 

in disease. The predictive value of standard liver fun- 

ction tests is equivocal but not all investigators share 

this skepticism [6, 7]. 

Peroperative predictors of liver failure include cirr- 

hosis, ongoing hepatitis, preoperative chemotherapy, 

ASA classification, Child-Pugh class B and C patients, 

age, extent of resection, need for reoperation, perope- 

rative blood loss > 2000 ml, transfusion with more than 

four unit~s of blood, bilirubin and the development of 

postoperative complications [8, 9, 10]. 

A large proportion of patients with hepatocellular 

carcinoma are found to have a concurrent chronic he- 

patitis or cirrhosis and are considered at most risk of 

developing liver failure after resection than those pa- 

tients with metastatic liver disease with seemingly nor- 

mal livers. 

Significant fatty infiltration in cadaveric donor liver 

enhances the possibility of graft primary nonfunction, 

macrovascular steatosis and also increases the severity 

of ischemia - reperfusion injuries [11]. There are con- 

flicting data on literature regarding the role of steatosis 

as an independent predictor of a poor outcome [1, 11, 
12]. 

There is a distinct percentage 5-25% versus 3-8% in 
operative mortality in cirrhotic compared to non cirr- 
hotic patients according to several authors [1, 7, 13, 14]. 

Hepatectomy of up to 75% of the total liver volume 
(TLV) has been regarded as safe if the liver is normal. 

This concept of the permissible extent of liver rese- 

ction has been challenged since the introduction of li- 

ving-donor liver transplantation (LDLT) using a right 

lobe graft. Most LDLT centers have set the upper limit 

of safe donor hepatectomy as 65% or 70% of TLV. Un- 

fortunately, a few living donors themselves had to un- 

dergo liver transplantation, or died due to post-hepate- 

ctomy liver failure (PHLF) [15]. On the other hand, a 
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considerable proportion of recipients whose partial li- 

ver graft was equivalent to near 30% of the standard li- 
ver volume (SLV) have survived uneventfully [16]. Fur- 

thermore, Preoperative Transhepatic Portal Emboliza- 

tion (PTPE) is now more commonly used than before, 

by which interlobar shifting of some liver volume and 

a tolerance to the elevated portal pressure can be expe- 

cted [17, 18]. The development of postoperative com- 

plications may be crucial in those with borderline liver 

reserves [ 19]. 

Many institutions apply the Child-Pugh classifica- 

tion for evaluation of the liver functional reserve of pa- 

tients with chronic liver disease when they undergo 

hepatectomy. The Child-Pugh classification (table 25.1) 

was originally proposed for deciding operative indica- 

tions for portal hypertension [9, 10]. This classification 

has proven its prognostic significance in many prospe- 

ctive [11] and randomized [12, 13] trials, not only in 

patients scheduled for portosystemic shunt surgery but 

in conservatively treated cirrhotic patients as well [14]. 

However, this classification does not indicate how much 

liver parenchyma can be removed from patients with 

associated chronic liver disease. Nagao et al and Naga- 

sue et al were not able to demonstrate any differences 

in mortality amongst patients stratified by Child-Pugh 

classes [20, 21]. Bismuth et al reported some success. 

They noted five deaths in their series, who by preope- 

rative prediction should have survived [22]. 

Several laboratory and imaging studies that are men- 

tioned below have been developed to augment the 

preoperative Child-Pugh liver function assessment. 

25.2. Indocyanine Green Retention 

Indocyanine green (ICG) is a tricarbocyanine dye that 

binds to albumin and alpha-1 lipoproteins. Once given 

intravenously, it binds almost completely to plasma 

protein and is distributed exclusively in the serum 

presenting no extravascular distribution. The dye is en- 

tirely removed by the liver via a carrier-mediated me- 

chanism, and excreted unaffected to the bile without 

becoming involved in the enterohepatic circulation. 

Biliary ICG excretion correlates with decreased hepa- 

tic adenosine triphosphate (ATP) concentration, and a 

decrease in hepatic energy status may reflect a com- 

promised ability for regeneration after surgery [23] 

ATP-independent transporters located on the basolate- 

ral membrane of the liver embark on uptake of ICG 

into hepatocytes, whereas the excretion of bile into the 

canalicular space is initiated by an ATP-dependent me- 

chanism. Decreased hepatic ATP level has been propo- 

sed as an important factor in liver regeneration, liver 

failure, and postoperative death [24]. A single intrave- 

nous bolus injection produces a typical biexponential 

decay plasma disappearance curve that yields two di- 

stinct linear components. This type of disappearance 
curve is best explained by the two-compartment mo- 

del {25]. Quite the reverse to the usual two-compart- 

ment model, ICG is excreted from the liver (peripheral 

compartment) and not from plasma (the central com- 

partment). In accordance with this, the initial rapid 

concentration fall (distribution phase), represents the 
uptake of ICG from the plasma into the liver, and the 
consequent relatively slow fall (elimination phase), 

represents elimination of ICG from the liver into the 

bile. 
After the administration of ICG, the shift from the 

distribution phase to the elimination phase lasts appro- 

ximately 20 to 30 rain. Several serum values are used 

to obtain a number of time points to generate a rate- 

constant. ICG K (min-1) (elimination constant in the 

distribution phase from the plasma to the liver) is usual- 

ly determined from the first 15-min component of the 

ICG disappearance curve. Hepatobiliary surgeons, ge- 

nerally ranged themselves with the retention time at 

15 minutes as a single test. Making the assumption of a 
plasma volume of 50 ml/kg body weight, a single bolus 

intravenous administration of ICG in a dose of 0.5 mg/  

kg body weight results in an initial concentration of 
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100 mg/ml and based on this assumption, ICG R-15 
can be calculated from one-point (as the ratio of the 
ICG plasma concentration at 15 min to its initial con- 

centration) blood sampling data and expressed as a 

percentage (%). Provided that the assumption of the 

initial concentration of ICG is acceptable, ICG R-15 is 

pharmacologically comparable to ICG K, and has been 

commonly used as an alternative to ICG K for its con- 

venience [26]. 

There is a wide-ranging concordance on the reten- 
tion values that support major liver resection. Elimina- 

tion is considered to be impaired when 15% or more 

of the dye remains within the plasma 15 minutes follo- 

wing administration of the dye. 

The invasive ICG measurement is accomplished as 

follows: An intravenous bolus of 0.5 mg/kg ICG is in- 

jected rapidly through a central venous catheter or lar- 

ge peripheral venous line, and samples are obtained 

from peripheral venous line at 0, 5, 10, 15, 20 min the- 
reafter and kept in an EDTA tube at room temperature 

until centrifuged at 3000 r/min for 10 min. Absorbance 

is measured by a Perkin Elmer spectrophotometer at 

805 nm. Direct ICG retention rate at 15 min (ICG15 D) 
and the elimination rate constant (ICG(K) D) values are 
calculated using a commercial computer program. [27]. 

There is also a non invasive liver function monitoring 

apparatus the ICG pulse spectrophotometry. Pulse-dye 

densitometry (LiMON, Stahigruburring, Munich, Ger- 
many) is used to measure the blood ICG concentration 
non-invasively in real time. This appliance makes such 

measurements possible by constantly monitoring the 

optical absorption at 805 nm and 890 nm, via an opti- 

cal probe attached to the patient's finger. During the 
first 5-10 min after ICG is injected, blood ICG concen- 
trations are monitored at every pulse interval via pulse 

spectrophotometry. The elimination rate constant ICG 

(K) E is calculated automatically by the time course of 
blood ICG concentration. The estimated ICG15 reten- 

tion rate (ICG15 E) is obtained via pulse spectrophoto- 
merry computer analysis during the first 5-10 min. As 

the usual measurement time of the Limon is between 5 

and 10 min, the (ICG15 E) is simply calculated from the 
ICG plasma disappearance rate. 

The correlation between ICG-15D, ICG-15E, ICG 

(K)D, ICG(K) E values for ICG-15 and ICG(K) by these 

two methods is excellent (r 2 = 0.977, 0.855) [27]. 

The conventional ICG clearance test is invasive and 

procedure-dependent. The whole process requires 
more than 40 min bedside for central venous cathete- 
rization and loading dosage. The two major drawbacks 

that may result in failure are: patient's underlying di- 

sease and medications such as for gout, arthritis, and 

anti-TB drugs. Technical failure may be due to blood 

hemolysis or laboratory errors. The real-time pulse 

spectrophotometry ICG clearance test is non-invasive 

and machine-dependent. Failure may be due to malpo- 

sitioning of the detecting probe, and patient's move- 
ment. The correlation between conventional and pulse 

spectrophotometry ICG clearance tests is excellent in 

transplanted patients. ICG pulse spectrophotometry 

appears to be a sensitive and specific test to predict 

graft function in ischemia/reperfusion and patients po- 

tentially candidates for acute rejection [28]. The corre- 

lations between ICG(K) and ICG15 using these two 

methods in transplanted patients are exceptional [29]. 

Concomitant use of certain drugs and injectables 
can alter the absorbance of ICG. Injectables containing 

sodium disulphite particularly in combination with he- 

parin reduce the absorption. The following drugs redu- 

ce the abso rp t ion -  anticonvulsants, disulphite com- 

pounds, haloperidol, heroin, meperidine, metamizol, 

methadone, morphium, nitrofurantoin, opium alka- 

loids, phenobarbital, phenylbutazone. Drugs like cy- 

clopropane, probenicid and rifamycin increase the ab- 

sorption. 

An experimental study by E1-Desoky et al [30] sho- 
wed the sensitivity of measurement of ICG uptake and 

excretion rates in hepatic artery occlusion (significant 

decrease in ICG uptake rate), portal vein occlusion 

(significant decrease in ICG uptake rate), ischemia-re- 
perfusion injury (significant reduction in ICG uptake 

rate), hepatic microcirculation (positive correlation), 

colchicine treatment (significant decrease in ICG upta- 
ke rate), and bile duct ligation (significant decrease in 

ICG uptake rate). 
It is postulated that, rather than considering this a 

true index of parenchymal function, there is a substan- 

tial influence of hepatic blood flow on the retention of 

the dye [31]. Hepatic artery vasodilatation may mar- 
kedly influence the value in the same patient, even on 

the same day. 

Wide variations of ICG R-15 rates among patients 

with CP grade A are noted. This may highlite the restri- 

ctions of using this system alone because postoperative 
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mortality occurs even in those patients with Child-Pugh 

(CP) grade A. Fan et al proposed that patients with an 

ICG retention > 14% at 15 minutes have a greater post- 

operative risk [32], and this should prompt amend- 

ment of the extent of liver resection. Subsequent work 

coming across further at a preoperative ICG R-15 > 14% 

in patients undergoing hepatectomy for HCC demon- 

strated no statistically significant difference in outco- 

me. This study carefully enrolled patients with high 

ICG R-15 so that the volume of non-tumour bearing 

parenchyma was small (i.e., larger diameter tumours), 

and no difference in blood loss, morbidity, or mortali- 

ty postoperatively, including major lobectomy, was 

noticed [33]. Authors acclaim the importance of a me- 

ticulous operative technique and postoperative intensi- 
ve care. 

ICG retention rate correlates sturdily with the rate 

of disappearance of tagged asialoglycoproteins [34]. 

Assessing the technique of portal vein embolization- 

recuperating hepatic functional reserve, in their great 

magnitude papers Wakabayashi et al and Nakano et al 

associated ICG values with hepatic hypertrophy of the 

contralateral lobe after portal vein embolization [35, 

36]. The ICG disappearance rate generally worsened 

(in 16 of 19 patients) at two weeks postprocedural. 
ICG retention was prolonged in a number of patients 

who subsequently died, but other numerous patients 
underwent resection uneventfully, yet in the feature of 

elevated or prolonged ICG clearance. Captivatingly, 

the ICG retention rate deteriorated in virtually all pa- 
tients following portal vein embolization at two weeks, 

increasing from a mean of 15.9 + 6.27% to 20.8 _+ 5.6% 
at two weeks. Possibly a two weeks time limit is too 

small to see ICG return to baseline clearance, or the 
altered blood flow due to portal vein embolization re- 
suits in ICG 15 retention rates that do not allow an esti- 

mate of the hepatocyte function [37]. Uesaka et al [38] 

studied patients with complete obstruction of the he- 

patic hilus who had undergone multiple percutaneous 

transhepatic biliary drainage catheterizations. Biliary 

ICG excretion in each hepatic lobe was estimated and 

compared with hepatic lobar volume measured by 

computed tomographic volumetry before and an ave- 

rage of 11 days after right portal vein embolization. 
The percentage of ICG excretion in the left lobe to the 

whole-liver excretion showed a mean increase of 

20.1%, which was statistically significant. In contrast, 

the percentage of left lobar volume to the total liver 

volume increased by only 8.3%. 

Kawasaki et al have evaluated the plasma disappea- 

rance curves of ICG in both healthy subjects and cirr- 

hosis patients. [25]. Plasma clearance of ICG in the 

cirrhosis patients was significantly lower than in the 

healthy subjects. Further analyses by the two compart- 

ment model (plasma c o m p a r t m e n t -  liver compart- 

ment) revealed that it was the uptake constant of ICG 

from the plasma into the liver that decreased signifi- 

cantly in the cirrhosis patients; whereas the elimina- 

tion constant from the liver into the bile remained re- 

latively unchanged. Judgment is made that the decrea- 

sed ICG clearance in cirrhotic patients is attributed to 

the decreased ICG uptake by the liver from the plasma, 

and the ICG excretion by the liver into the bile is 

upholded relatively intact. On account of this, ICG K 
and ICG R-15, which are estimated from the distribu- 

tion phase of disappearance curve up to 15 min, are 

considered to be adequate as indices of Liver Functio- 

nal Reserve in chronic liver disease, including cirrho- 

sis. The core mechanism of the decreased ICG uptake 

(elevated ICG R-15 value) in cirrhosis patients can be 

explicated by decreased ICG delivery from the syste- 

mic circulation to the liver and/or by decreased uptake 

from the sinusoids into the hepatocytes. Several phar- 
macological studies have been accomplished in this 

regard [39, 40] and they have made known that the 
extraction ratio of ICG in cirrhosis patients is only 20%- 

30%, weighed against 70%-80% in healthy subjects. 
Similarly, decline in the intrinsic ability to remove ICG 
(internal clearance of ICG) is far more noticeable than 

that in liver blood flow in patients with cirrhosis [18, 

40]. Intrahepatic portovenous shunt [31, 41] and the si- 
nusoidal capillarization [34-36] are pathological chan- 
ges that would explain the decreased ICG extraction 

ratio and intrinsic clearance that occur in cirrhosis. Un- 

like the capillary vessels of other organs, liver sinu- 

soids are unique in that, substances including proteins 
diffuse freely between them and hepatocytes. As the 

capillarization of the sinusoid advances, diffusion of 

these substances becomes impaired and barrier-limited 

[34]. Diffusion of proteins such as albumin that have 

high molecular weights is greatly influenced by sinu- 
soidal capillarization. ICG is almost utterly bound to 

plasma protein, and thus is susceptible to this adjust- 

ment. Considered together, ICG K and ICGR-15 in pa- 
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tients with chronic liverdisease, including cirrhosis, 
are thought to reflect the degree of sinusoidal capillari- 
zation, intrahepatic portovenous shunt, and, to some 
extent, the alteration in liver blood flow. 

As the ICG R15 is directly influenced by the degree 
of bilirubinemia, due to excretory antagonism with bi- 

lirubin, the result is not consistent until the total biliru- 

bin level falls below 2-5 mg/dl. Prolonged obstructive 
jaundice and repeated cholangitis may induce diffuse 
shrinkage of the hepatic parenchyma, which is accom- 

panied by prominent ductal dilatation. In such patients, 

Sung-Gyu Lee et al occasionally found a significant rise 
of ICG R15. They compared the regeneration rates of 
the remnant livers after right lobectomy in 30 patients 
with normal livers and resolved icteric livers, and did 
not notice any significant differences in the remnant 

liver regeneration during the first 7 days. They conclu- 
ded that completely decompressed liver may have the 

same, or at least not significantly different Functional 

Hepatic Reserve compared with the normal liver. They 

also think that, the same extent of volume alteration 
can be expected in resolved icteric livers and normal 
livers after Preoperative Portal Vein Embolization. 
[42]. 

Etiological complexity makes assessment of liver fun- 
ction difficult in transplanted patients. The differential 
diagnosis comprises primary non-function of the graft, 
rejection, virus re-infection, drug intoxication, and 

thrombosis of hepatic blood vessels. Liver function 

tests are often difficult to interpret and are non-speci- 
fic after liver transplantation. The diagnosis at present 
relies on a combination of biochemical, hemodyna- 

mic, clinical markers, and occasionally liver biopsy 
while serial observations up to 72 h are required. ICG 
clearance appears to be a simple and safe test to eva- 
luate early liver graft function. The emergence of non- 
invasive pulse spectrophotometry has enabled bedside 
assessment of the elimination of ICG, hence increasing 
its clinical usefulness [27]. 

A study by Jalan et al [28] showed that the ICG 
measured at 24 h after liver transplantation accurately 

reflected graft function and predicted graft survival 

and outcome. In other studies, ICG excretion was a 

sensitive index of ischemia/reperfusion ' ' injury during 
the early stages post-liver transplantation [29]. 

25.3.99m-Tc-GalactosyI-Human Serum 
Albumin Scintigraphy 

Hepatocyte membrane receptors via an active trans- 
port process elaborate the metabolism of senescent 
proteins. Several investigators proposed the use of a li- 

ver scanning agent. EcKelman [43], Pimstone [44], Sta- 
dalnik [45], Vera [46] suggested a synthetic asialoyly- 
coprotein, galactosyl - neoglycoalbum (NGA) comple- 
xed to 99m-Tc to study binding to the hepatocytes via 

the asialoglycoprotein receptor. In conjunction, images 
that provided volumetric and anatomic data and fun- 
ctional assessment of the liver to clear synthetic asialo- 
glycoproteines were processed. Kudo et al [47] adop- 
ted another synthetic asialoglycoprotein galactogyl hu- 
man serum albumin (GSA) which gained a widespread 

use. A bolus injection of 185 MBq 99m-Tc-GSA is ad- 
ministered and a dynamic scintigraphy (GSA time-acti- 

vity curves) with gamma camera over the heart and li- 

ver is obtained. Data acquisition is conveyed as planar 

or single photon emission computed tomopraphy 
(SPECT) images. Impaired liver function generates ab- 
normal time - activity curves. The whole process indi- 
cates both the rate of liver uptake (elimination from 
blood) and the total number of asialoglycoprotein 
receptors. 

With regard to surgical practice there is a general 
agreement for the use of L15 value as an overall esti- 

mate of hepatocyte asialoglycoprotein number of rece- 

ptors. Postoperative receptor volume, in cases of hepa- 

tectomy, is predicted through either SPECT images or 
CT volumetry. Verification of the acquired data from 
clinical- use of NGA or GSA followed the correlation of 
these tests with CP score, aminopyrine breath test, ICG 
retention and the index of cirrhosis [45, 48]. Hwang et 
al [49] predicted the postoperative Residual Liver Fun- 
ction, by 99mTc-GSA clearance estimated by dynamic 
SPECT analysis. Good correlation was observed bet- 
ween the total hepatic 99mTc-GSA clearance and con- 

ventional hepatic function tests: plasma retention rate 

of iodocyanine green (ICG) at 15 min (ICG R15), pla- 

sma disappearance rate of ICG (k ICG), cholinesterase, 

serum albumin, and hepaplastin test. There was good 

correlation between the predicted residual 99mTc- 

GSA clearance and the postoperative total hepatic 
99mTc-GSA clearance in patients who underwent seg- 
mentectomy or lobectomy (r = 0.84, p < 0.0001, n = 
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28) and between the pre- and postoperative total hepa- 

tic 99mTc-GSA clearance in patients who underwent 

subsegmentectomy (r = 0.91, p < 0.0001, n = 25). Five 

patients who had postoperative complications due to 

hepatic insufficiency showed significantly lower 

predicted residual 99mTc-GSA clearance compared 

with the patients without complications (90.3 +/-  37.2 

versus 320.9 +/-  158.8 mL/min; p < 0.005). 

Kawamura et al [50] studied the natural course of 

changes in hepatic functional reserve in patients (12 

healthy subjects, 86 patients with chronic hepatitis, 

and 226 patients with cirrhosis)with chronic liver di- 

seases evaluated by scintigraphy with GSA. The rece- 

ptor index was lower for more severe disorders, 

decreasing in the order of chronic hepatitis and cirrho- 

sis in stages A, B, and C. The index of blood clearance 

was higher for more severe disorders, increasing in the 

order of chronic hepatitis and cirrhosis in stages A, B, 

and C. The mean annual change in the receptor index 

with chronic hepatitis was-0.0007, that with cirrhosis 

in stage A was -0.0023, and that with cirrhosis in stage 

B or C was -0.0117. The difference between the me- 

dian annual change with cirrhosis in stage B or C and 

that with chronic hepatitis or cirrhosis in stage A was 

not significant (p = 0.064 and 0.251, respectively). The 

mean annual change in the index of blood clearance 

with chronic hepatitis was 0.0018, that with cirrhosis 

in stage A was 0.0060, and that with cirrhosis in stage 

B orC was 0.0330. The difference between the median 

annual change in the index of blood clearance with 

cirrhosis in stage B or C and that with chronic hepatitis 

or cirrhosis in stage A was significant (p = 0.004 and 

0.007, respectively). Kwon et al [47, 51] suggested that 

there is an absolute threshold in receptor number be- 

low which extended hepatectomy is refractory. It is al- 

so postulated that in patients with chronic hepatitis a 

discrepancy between ICG and GSA data may be im- 

portant, since patients who have the potential to rege- 

nerate may also have active cirrhosis that may confuse 

outcome. The spectrum of t i m e -  activity curves for 

cirrhosis was depicted by Ha-Kawa et al [52] and their 

data was reproducible in a number of settings. 

As stated by Kokudo et al there is a receptor con- 

centration reduction after liver resection and a follo- 

wing receptor recovery over time (possibly due to an 

impaired asialoglycoprotein endocytosis and hepatic 

blood flow) even after 150 days postresection [53]. 

Portal vein embolization resulted in receptor num- 

ber reduction on the affected segment according to 

Akaki et al [54] in cases of cholagiocarcinomas of the 

liver hilum. They also postulated that in cases of hilar 

cholangiocarcinoma that involves the portal veins and 

decreases portal venous flow, lobar decrease in 99mTc- 

GSA accumulation correlated well with decrease in 

ipsilateral portal venous flow (p < 0.0005). The count 

ratio was significantly reduced when unilateral portal 

venous flow decreased (p < 0.05) [55]. Nakano et al 

[56] formed an increase in receptor numbers of the en- 

tire liver after the resection, in patients received pre- 

operative portal vein embolization. Another notewor- 

thy conclusion in this study was the reduction in rece- 

ptor numbers in patients (potentially resection candi- 

dates) who underwent preoperative transarterial che- 

moembolization. 

In fact there is a trend towards an increase in rece- 

ptor numbers after homeostasis but not on a predefi- 

ned timely course. Alterations in hepatic blood flow, 

such as in the case of portal vein occlusion, may inter- 

vene with GSA or ICG retention results. Tanaka et al 

[57] demonstrated changes upon GSA time activity cur- 

ves and questions have been answered [58] regarding 

the relationship of receptor numbers and hepatocyte 

mass in cases of portal vein embolization and specific 

surgical procedures. Using GSA data several authors 

[59] and an accurate assessment of postoperative rece- 

ptor numbers tried to select patients for specific surgi- 

cal procedures based on calculations of functional rem- 

nant receptor volume but Wakabaashi et al [60] disclo- 

sed that these estimates markedly changed after altera- 

tions of blood flow, making these assumptions inappli- 

cable for the extent of liver disease or postoperative 

recovery. In due course there was a shift in receptor 

numbers towards the hyperplastic liver lobe after con- 

tralateral portal vein embolization as stated by Kubo et 

al [61]. Besides the predictable volume increase in 

liver parenchyma there was also a functional improve- 

ment (even in cirrhotics) detected on GSA time acti- 

vity curves. The predictive value of the test to identify 

patients with likely complications is limited by conco- 

mitant careful patient selection and the exclusive redu- 

ction of deaths from liver failure in recent years [57]. 

GSA results correlate well with (ICG, Child-Pugh and 

other indices of liver function and recent studies try to 

more appropriately link the acquired data with outcomes. 
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Xiao-Feng Li [62] investigated asialoglycoprotein 

receptor concentration in tumor - bearing livers and 

potential changes after sectorial resection in 10 normal 

liver controls and 44 liver tumor patients who under- 

went segmental hepatectomies. Receptor concentra- 

tion was reduced in tumor bearing liver. Receptor con- 

centration early after hepatectomy showed great varia- 

bility and was negatively correlated with the percenta- 

ge of resection of hepatic functional volume. In small 

resections postoperative receptor concentration excee- 

ded preoperative levels or remained unchanged. In 

large resections portoperative receptor concentration 

decreased. Postoperative change in receptor concen- 

tration had a negative correlation with change in fun- 

ctional volume. 

Ohno et al [63] in their preliminary report recor- 

ded a quantitative evaluation of the regional dynamic 

function of hepatocytes after living donor liver trans- 

plantation using 99m-Tc-GSA. Distinctive features in 

their modality were that the influence of the blood 

flow and the thickness of the hepatic parenchyma was 

completely excluded and no attenuation correction 

was required and they also could set arbitrary regions 

of interest in the liver so that it was easy to compare 

the dynamic function between various regions inside 

the liver. Authors consider that this modality is a valua- 

ble adjunct to evaluate the regional deterioration of the 

dynamic function of the liver following liver transplan- 

tation or auxiliary partial orthotopic liver transplanta- 

tion. Kwon et al [64] evaluated the preoperative assess- 

ment of the safety of an elective hepatectomy for living 

donors using GSA liver scintigraphy in 152 patients. 

The maximal removal rate of GSA (GSA- Rmax) was 
calculated using a radiopharmakoninetic model. They 

determined the areas for resection preoperatively de- 

pending on the operative procedure and calculated the 

local GSA- Rmax in the predicted residual liver (GSA 

- RL). A significant correlation was found between the 

GSA-  Rmax and the 15 minute retention rate of ICG. 

GSA - RL should be > 0.15 (mg/min/50 kg body weight) 

to avoid postoperative hepatic failure. 

Onodera et al [65] studied 20 healthy volunteers 

and 137 patients with hepatic diseases (102 patients 

were diagnosed with hepatocellular carcinoma, 28 

chronic hepatitis and 109 cirrhosis). They defined the 

new indicator "LUR" (Liver Uptake Ratio) dividing the 

liver SPECT of 99m-Tc-GSA by a syringe SPECT of 

99m-Tc-GSA. According to this study, assessment of 

liver function was more accurate with the SPECT me- 

thod than the planar method. The border value of LUR 

was 30%, so a LUR of 30% was the 25th percentile of 

the Child-Pugh A group, for which the prognosis was 

comparatively good. The mean - standard deviation of 

ICG R15 was 32% in the same way. Patients having 

LUR > 30% had a 5 years survival rate 65% and for tho- 

se having LUR < 30% the corresponding number was 

32%. 
Bennink et al [66] investigating the role of liver 

scintigraphy in hepatic resection for malignant and 

symptomatic benign hepatobiliary tumors found a strong 

positive association between liver function reserve de- 

termined with scintigraphy and ICG clearance. A strong 

positive association was found between the remnant 

liver function determined preoperatively and the 

actual measured value postoperatively. They stated that 

determination of the Remnant Liver Function rather 

than Remnant Liver Value might clarify some of the di- 

screpancies observed in the literature between Rem- 

nant liver volume and clinical outcome in patients with 

an inhomogeneous liver function. Liver function rege- 

neration could also be well monitored. 

Nishigama et al [67] devised an original Predictive 

Residual Index (PRI) by combining the k-value (rate of 

disappearance of circulating radiotracer) with Functio- 

nal Liver Volume which were measured by dynamic 

liver SPECT immediately before and 2 weeks after per- 

cutaneous transhepatic portal embolization on 22 pa- 

tients. They concluded that when PRI value was above 

0.400 (20 patients) there was a low probability of he- 

patic failure postoperatively. 

Satoh et al [68] devised the same Predictive Resi- 

dual Index in 55 patients. The cut off PRI value was 

0.370, above which there was a low probability of 

postoperative hepatic failure. Hirai et al [69] perfor- 

med Right Portal Embolization (PTPE) in 30 patients. 

Morphologic and functional hypertrophy in the left lo- 

be after PTPE was determined and related to the pre- 

sence or absence of cholestasis, biliary drainage of the 

embolized lobe, and postoperative liver failure. The 

volume of the left lobe and (99m)Tc-GSA uptake in- 

creased rapidly for the first week after PTPE, but no 

significant increase was observed during the second 

week. Morphologic hypertrophy was less pronounced 

in patients with jaundice (p = .03). When PTPE was 
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performed at a total bilirubin level above 2 mg/dL, the 

interval between PTPE and surgery was prolonged due 

to cholangitis and liver abscess formation. The net 

morphologic hypertrophy ratio was significantly hig- 

her in livers that had undergone left lobe drainage only 

(9.1% +/- 0.9%) compared with those in which there 

was drainage of the embolized lobes (5.7% +/-  0.9%; p 

= .03). The volume and (99m)Tc-GSA uptake of the left 

lobe in the second week after PE was significantly smal- 

ler in patients with postoperative liver failure (33.7% 

+/- 2.4% and 18.0% +/- 2.1%, respectively) than in pa- 

tients without liver failure (46.2% +/- 1.4% and 38.4% 

+/- 2.3%; p = .003 and p = .01, respectively). Sugai et 

al [70] devised LUD (Liver Uptake Density) to Preope- 

rative Transhepatic Portal Embolization (PTPE) in 11 

patients. Responses of LUD to PTPE before hepatic re- 

section in the future remnant lobe represent changes in 

asialoglycoprotein receptor activity per hepatocyte and 

predict responses to subsequent hepatic resection. 

LUD increased significantly after PTPE in the group 

showing a good outcome after hepatic resection but 

decreased after PTPE in the group showing a poor out- 

come (post-PTPE LUD, 0.064+/-0.017%/cm 3 versus 

0.035+/- 0.006%/cm 3, P < 0.05; response rate, 22.2%+/ 

-11.9% versus-8.9%+/-17.6%, p < 0.01). Fukui et al 

[71] assessed liver function in chronic liver disease and 

regional function of irradiatead liver with (99m)Tc- 

GSA. The Hepatic Extraction Fraction (HEF), the rate 

constant for liver uptake of the tracer from the blood 

and Hepatic Blood Flow Index (HBFI) values for the 

irradiated portion of 20 patients before and after irra- 

diation were compared. The HEF value in patients with 

a cirrhotic liver significantly (p < 0.002) decreased 

compared with that in patients with a normal liver at a 

dose of less than 40 Gy, whereas the HBFI value in pa- 

tients with a normal liver significantly (p < 0.05) de- 

creased compared with that in patients with a cirrhotic 

liver at a dose of 40 Gy or greater. Akaki et al [72] 

found non-tumorous decreases in 99mTc-GSA accu- 

mulation in 32 of 269 patients (12%). In 16 of the 32 

patients (6%), non-tumorous decreases in 99mTc-GSA 

accumulation corresponded to regional decrease in 

portal venous flow. The causes of such decrease in por- 

tal venous flow were portal thrombus of hepatocellular 

carcinomas in eight patients, portal venous stenosis or 

occlusion by hilar cholangiocarcinomas in five patients. 

In eight patients (3%), the regions with decreased 

99mTc-GSA accumulation correlated with massive he- 

patic necrosis in fulminant hepatitis, scar in hepatitis, 

or confluent in portal venous flow, lobar biliary stasis, 

or both. In four patients (1.5%), the exact causes of 

non-tumorous decrease in 99mTc-GSA accumulation 

could not be determined. Fukunaga et al [73] corre- 

lated Hepatic functional reserve in patients with biliary 

malignancies and showed that LHL15 (the count ratio 

of the liver to the sum of the heart and liver 15 min af- 

ter injection of 99mTc-GSA) was significantly associa- 

ted with bilirubin half-life in patients treated preopera- 

tively with percutaneous transhepatic biliary drainage 

(p = .007). After surgery, 4 of 18 patients with LHL15 < 

0.925 died within 30 days. The postoperative mortality 

was significantly greater in patients with LHL15 < 

0.925 than in patients with LHL15 > or = 0.925 (p = 

.033). Sasaki et al [48] in their study for clinical useful- 

ness of scintigraphy with 99mTc-galactosyl-human 

serum albumin (performed in 10 healthy subjects, 42 

patients with chronic hepatitis and 158 patients with 

cirrhosis) for prognosis of cirrhosis of the liver found 

that the median receptor index was lower in patients 

with cirrhosis than in patients with chronic hepatitis or 

in healthy subjects, and the median index of blood 

clearance was higher. The receptor index was signifi- 

cantly lower when a complication (varices, ascites) was 

present. The index of blood clearance was significantly 

higher when a complication (varices and ascites) was 

present. Correlation of the two indices with classic in- 

dicators for functional reserve was significant. On the 
basis of the receptor index, the patients with cirrhosis 

were divided into two groups of roughly equal size: 

group A, receptor index over 0.85, and group B, re- 

ceptor index 0.85 or less. On the basis of the index of 

blood clearance, the patients with cirrhosis were divi- 

ded into two groups of roughly equal size: group A, in- 

dex of blood clearance < 0.70, and group B, index of 

blood clearance > or = 0.70. The cumulative survival 

rates were lower in group B than in group A. 

Kira et al [74] performed 99mTc-GSA in 32 patients 

with hepatocellular carcinoma before and after chemo- 

lipiodolization, which was performed from the right 

hepatic artery (RHA) in 15 patients and the proper he- 

patic artery (PHA) in 17 patients. The regional hepatic 

accumulation index (LHL15) and the regional uptake 

constant index (KU) were also calculated from the ti- 

me-activity curves. In the RHA group, regional LHL15 
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and KU of the left lobe significantly increased, but they 

did not significantly increase in the PHA group. In the 

right lobe, no significant change in regional KU or 

LHL15 was observed. In the poor prognosis group, all 

indices in both regions decreased after chemolipiodo- 

lization, especially the value for regional KU which had 

a poor score before chemolipiodolization. 

25.4. Hippurate Ratio 

The hippurate ratio is estimated by comparing PABA 

levels and hippurated metabolites levels (30 minutes 
after per os PABA administration of 5 mg/kg) in rela- 

tion to the baseline values. The total amount of glycine 

conjugates of PABA is reflected by the hippurate ratio 

and there is a well established correlation with the 

severity of liver disease [75]. 

According to the study of Furuya et al [76] indivi- 

duals with Child's C chronic hepatic failure had a hip- 

purate ratio of 1.9 +_ 5 % while the respective value for 

healthy controls was 59 + 10,5%. With the exception to 
child class A patients where clear cut values were not 

observed between controls and patients with chronic 

liver failure, there was a clear distinction between va- 

lues across all other Child's classes. 

The measured levels of para-aminohippuric acid may 

be useful in the prognosis of acute liver failure. Lebel 

et al [77] have investigated the role of para-aminohip- 

puric acid in predicting children with fulminant hepa- 

tic failure and found a greater sensitivity than King's 

College Criteria in anticipating poor outcome. 

The hippurate ratio was used in a recent prospecti- 
ve study of 61 cirrhotic patients being considered for 
resection of HCC [78]. The hippurate ratio compared 
to ICG clearance in the same patient population was 
found to be an accurate predictor of liver failure in di- 

stinction to ICG clearance rates. However, although an 

interesting study, its results will need to be confirmed 

in a larger group of patients, as only 35 of the 61 

cirrhotic patients actually underwent liver resection. 

In relation to MEGX (a test with comparable re- 

suits) clear advantages were noticed by Duffy et al: 

oral administration, independency of cytochrome 

p450 and fewer adverse effects [79]. 

25.5. Amino ACid Clearance Test 

The uptake of amino acids by the liver in protein syn- 

thesis is measured by the amino acid clearance test 

[75]. Clowes et al [80] found significant differences 

between survivors and non survivors after portocaval 

shunt. On the contrary Lau et al [81] were not able to 

demonstrate significant differences in those patients 

dying from postoperative liver failure, but this confli- 

cting evidence was attributed to the relatively early 

grade of cirrhosis in the study population. 

25.6. Aminopyrine and Phenylalanine Breath 
Test 

The demetlylation and metabolism of intravenously 

administered radioactive carbon-labeled aminopyrine 

is measured by the Aminopyrine Breath test [75]. N- 

demethylation of aminopyrine takes place in liver mi- 

crosomes and amino-antipyrine and formaldehyde are 
produced. Oxidation of formaldehyde into bicarbona- 
te follows and part of it is exhaled as carbon dioxide 

[82]. The phenylalanine breath test is non-invasive and 

relativelly simple to perform. The patient ingests an 
oral dose of L-[13C] phenylalanine and then the indi- 

vidual breathes into a device that collects expired CO2 

at intervals for up to 2 hours after the radiolabeled 

complex is ingested. The amount of exhaled 13CO2 is 

then used to compute the percentage of the original 

phenylalanine dose undergoing hepatic demethylation 
or oxidation. The exhaled radioactive carbon dioxide 
represents a quantitative measurement of microsomal 
function through pathways dependent to cytochrome 
P450 (thus affected by numerous factors). 

Merkel et al [83] concludes that there is no superior 
advantage over Child-Pugh classification in assessing 

prognosis. The test reliably predicts mortality in patients 

with chronic liver disease undergoing non hepatic sur- 

gery [84]. Horsmans et al found decreased values to be 

associated with poor outcome, one year after portoca- 

val shunt [85]. However, Lau et al doubts its prognostic 

value in patients undergoing hepatectomy for HCC [6] 

and Fun et al did not find it to be superior to ICG in 

predicting postoperative mortality [32]. 
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25.7. Monoethylglycinexylidide Test 

A measurement of the levels of monoethylglycinexyli- 

dide (MEGX) a hepatic microsomal metabolite of lido- 

caine, in the serum 15 minutes after an intravenous in- 
jection of lidocaine (1 mg/kg) is useful in distingui- 

shing patients with mild liver dysfunction from those 

with cirrhosis [86]. MEGX has been used to determine 

risks of developing liver failure after transcatheter arte- 
rial chemoembolization in patients with HCC [87] and 
in the field of liver transplantation because patients 

with chronic liver disease and decreased MEGX forma- 

tion (< 10 ng/mL) have been shown to have a poor 1 

year survival [88]. 

There is some overlap of the levels of MEGX bet- 

ween Child's classes [89]. Nonetheless, using this test 

in addition to ICG clearance can be useful in selecting 
patients to undergo partial hepatectomy who are at 

low risk of developing postoperative liver failure, des- 
pite the presence of a fatty or cirrhotic liver. 

25.8. Measurement of Liver Volume 

Preoperative measuremens of liver volume are obtai- 

ned by contrast enhanced computed tomography (tri- 

phasic whole liver spiral CT). Blood vessels are consi- 

dered as anatomical landmarks for hepatectomy simu- 
lation and conclusively the second (portal venous) 
phase is used in the majority of the protocols [90]. For 
hepatectomy simulation, scheduled resection lines and 
liver surfaces are traced on all sections referring to va- 
rious anatomical landmarks (e.g. hepatic veins, gall- 
bladder fossa). Whole liver, resection and tumor areas 

are added in all CT sections and each volume is calcu- 

lated [91]. 
The following equation computes the anatomical 

resection ratio: Anatomical resection ratio (%) = rese- 

ction volume - tumor volume/total liver volume - tu- 

mor volume x 100. Radionuclide scanning neverthe- 

less shows different results from CT volumetry eva- 

luating the Functional Resection Ratio [91].Computed 
tomography volumetry may overestimate the resection 

volume in patients with unilateral portal venous flow 

decrease or stenosis/occlusion because it calculates va- 

lues for hypofunctioning lobes. This ascertainment po- 

ses the dilemma between avoidance of post resection 

failure and the reduction in the number of the poten- 

tial surgical candidates. There is a large body of skepti- 

cism with large tumors replacing a large volume of the 

liver because these may artificially augment the per- 

centage of postresectional liver parenchyma due to 

compression and destruction of normal tissue. [75]. 

Azoulay et al limited resection (no more than 2 seg- 

ments) to those patients who were <70 years of age 

with ICGR-15 <10%, albumin >30 g/L, bilirubin <20 
mmol/L, prothrombin time >80% of normal, and an 
estimated rate of remnant functional liver parenchyma 

>40% as measured by spiral CT [92]. 

Zhu J i-Ye et al [93] found that the average liver 

volume of portal hypertensive patients was 797.02 cm 3 

+ 227.52 cm 3. All portal hypertensive patients were 

HbsAg or HCV- antigen positive with neither existing 

cardiac disease nor space-occupying hepatic lesion. 

Among 24 cirrhotic portal hypertensive patients who 

received H-graft portocaval shunt (8 mm), the morbi- 
dity of postoperative encephalopathy and the one year 
mortality were found to be higher in those patients in 

whom liver volume was lower than 750 cm 3. 

Shirabe et at [94] documented that in hepatitis B or 

C positive patients who undergo right hepatectomy, a 
postoperative liver volume <250 ml/m 2 is predictive 

of postoperative liver failure. Based on the results of 

computed tomography volumetry several authors [95] 

selected patients as candidates for liver resection for 

preoperative portal vein embolization. 

25.9. D- Sorbitol 

Blood and urine samples are collected four times befo- 

re and after intravenous D-sorbitol infusion. The hepa- 

tic clearance of D-sorbitol is then calculated according 

to enzymatic spectrophotometric method [96]. 

In a study Zheng Pan et al aiming to evaluate hepa- 

tic reserve function by investigating the change of fun- 

ctional hepatic flow and total hepatic flow in cirrhotic 

patients with portal hypertension combined modified 

hepatic clearance of D-sorbitol with duplex doppler 

color sonography. They found the method to be effe- 

ctive in the measurement of Functional Hepatic Flow 

(FHF) and Total Hepatic Flow (THF) and that FHF can 

be used to estimate hepatic reserve function [97]. 
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25.10. Clearance of Galactose 

Another test of hepatocyte microsomal capacity invol- 

ves an intravenous injection of galactose followed by 

serial measurement of serum galactose levels to deter- 

mine hepatic clearance of galactose. This test is not af- 

fected by altered hepatic blood flow rates that may oc- 

cur with cirrhosis. Both of the radiolabeled tracer stu- 

dies and galactose elimination rate have been shown 

to increase the predictive accuracy of postoperative li- 

ver failure in cirrhotic patients with borderline abnor- 

mal ICG clearance rates. It is also prognostic in chronic 

active hepatitis and primary biliary cirrhosis [98]. 

25.11. Other Tests 

Carbon-13-caffeine is principally metabolized to 

theophylline, paraxanthine, and theobromine with re- 

lease of radiolabeled carbon dioxide. Measures by means 

of blood, saliva, and breath tests can be done to count 

its metabolites [99]. Few data exist in the assessment of 

preoperative functional reserve. 

The  arterial ketone body ratio is a measure of 

the ratio of ketone bodies, acetoacetic acid and beta- 

hydroxybutyric acid, after a period of fasting. There is 

a statistically significant difference between the ratio 

of patients with cirrhosis and that of normal livers, and 

a ratio < 0.5 discriminates those with a higher rate of 

postoperative mortality and morbidity [100]. It has also 

been used to predict graft survival in the early post- 

operative period [ 101]. 

Trimethadione (TMO) is N-demethylated in liver 

microsomes by a P450-dependent procedure to dime- 

thadione (DMO). The ratio of TMO to DMO calculated 

4 hours after oral administration of TMO is associated 

with the severity of liver disease [102]. Ishikawa et al, 

found 5 out 45 patients with HCC to have DMO-to- 

TMO ratios <0.15 with a poor postoperative outcome 

[103]. 

25.12. Patient Selection, Scoring Systems 
and Resection Outcomes 

Some recent studies address the question of whether 

there is a formula that provides a substantial benefit in 

the selection of patients for resection, beyond clinical 

experience and the CP score. As stated by Sneider [37], 

the awesome note is that there is a sizeable amount of 

experience-based patient selection among authors. 

Discerning which patients are the poor risk Child Class 

A patients is the required objective. Avoiding resection 

of more than four-segment in "poor-risk" Child-Pugh 

Class A patients is a straightforward target, unless Pre- 

operative portal vein embolization is to be pursued. 

Performing more than 3000 liver resections since 

1989, Lee and Hwang [42], included liver function tests, 

ICG R15, doppler untrasonography, and CT, in their 

protocol to assess Functional Hepatic Reserve (FHR) 

for non-transplant hepatectomy. Risk factors such as 

degree of hepatic steatosis, age, diabetes, cardiopul- 

monary diseases, and general performance were more- 

over taken into account. The Parencymal Hepatic Re- 

section Rate (PHRR) was utilized for livers with a mass 

and was computed as follows: PHRR (%) = (resected 

liver volume - tumor volume)/(Total Liver Volume - 

tumor volume) x 100. The Standard Liver Volume 

(SLV) was also employed for large hepatic tumors, as a 

replacement for the Total Liver Volume (TLV). SLV 

was calculated according to their own modus operandi 

as follows: SLY (ml) = 691 x body surface area (m 2) + 

95. In the absence of significant risk factors, the maxi- 

mal extent of liver resection was settled on leaving a 

Remnant Liver Volume (RLV) of at least up to 35% of 

the TLV or SLV. In cases of small tumor size, the PHRR 

could reach 65%. On the contrary, SLV was used in 

huge infiltrating tumors (the PHRR is not accurate) in a 

way comparable to the Living Donor Liver Tranplan- 

ration. If RLV was less than 35% of TLV, or in cases of 

coexisting risk factors, they usually performed Percuta- 

neous Transhepatic Portal Embolization (PTPE). They 

stated that almost all liver resections leaving an RLV 

equivalent to 35% of TLV or SLV will avoid post-hepa- 

tectomy liver failure (PHLF), given a normal liver pa- 

renchyma, a mild degree of steatosis and a patient age 

of less than 70 years. The results of this guiding prin- 

ciple were justified in their review of 400 consecutive 

cases of living-donor hepatectomies, in which the only 

significant risk factor was the extent of parencymal 

resection over or in the vicinity of 65% of TLV. 

In the same study [42] the authors addressed the 

predicament of assessment of FHR for patients with 

icteric livers. Completely decompressed cholestatic li- 
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ver had the same, or at least not significantly different, 

FHR compared with the normal liver. They also thought 

that the same extent of volume shifting could be expe- 

cted in resolved icteric livers (PTPE and liver resection 

after biliary decompression was accomplished when 

serum total bilirubin levels were 5mg/dl and 2mg/dl, 

respectively) and normal livers after PTPE. If ICG R15 

was 15%-20%, they opted for PHRR to less than 50% of 

TLV. Constrained parenchymal resection should be 

considered for patients with ICG R15 beyond 20%. 

They adjusted the minimal RLV to the value of more 

than 35% of TLV to prevent PHLF, when performing 

hepatopancreatoduodenectomy. 

In dealing with cirrhotic livers authors [42] weigh 

up functional hepatic reserve as follows: If ICG R15 

values are between 15% and 20%, they try to make 

PHRR less than 50% and PLV certainly over 40% of the 

SLV or over 50% of the TLV. If the ICG R15 exceeds 

20%, hepatectomy should be contemplated cautiously, 

on an individual basis, and the tolerable extent of liver 

resection should be lessened to segmentectomy or 

nonanatomical hepatectomy. PTPE reduced PHRR to 

less than 60% in livers with small HCC. If the ICG R15 

is over 30%, they do not attempt any type of resection, 

but resort to radiofrequency (RF) ablation. 

Jarnagin et al [104] reported 1803 hepatectomies 

for primary and metastatic liver disease. The selection 

of CP Class A patients, with an in depth radiologic work- 

up and a comprehensive intraoperative evaluation 

yielded a mortality of 3.1%, with only 10.9% of deaths 
associated unequivocally to hepatic failure. In their se- 

ries factors that consistently predicted postoperative 

mortality were the projected number of hepatic seg- 

ments involved and the perioperative blood loss. 
Imamura et al [26] developed a decision tree to stra- 

tify patients with hepatocellular carcinoma (HCC), ba- 

sed on three variables: the presence or absence of asci- 

tes, the serum total bilirubin level, and ICG R-15 value. 

In patients with signs of decompensated cirrhosis as 

reflected by an elevated bilirubin level or uncontrolla- 

ble ascites, hepatectomy was not performed. In pa- 

tients without ascites and with normal bilirubin level, 

ICGR-15 value became the main determinant for rese- 

ctability. For patients with ICGR-15 value in the range 

of 10%-19%, one-third of the liver parenchyma, which 

corresponded to left hepatectomy and right parame- 

dian or lateral segmentectomy, was resected. When 

the ICGR-15 value range was between 20%-29%, ap- 

proximately one-sixth of the liver parenchyma was re- 

sected. Also, limited resection was indicated in patients 

with ICGR-15 values of 30% or more. This decision 

tree was also applied to non-HCC patients whose liver 

function as evaluated by the ICG test was mildly im- 

paired. If the scheduled operation corresponded to the 

removal of more than 60% of entire hepatic volume in 

patients with normal liver, e.g., right hemihepatectomy 

or left trisectorectomy, or removal of 40%-60% of the 

entire liver in patients who had a slightly impaired 

liver function (ICGR-15 between 10% and 20%), pre- 

operative portal vein embolization was performed to 

induce compensatory hypertrophy of the liver part to 

remain after hepatectomy in order to prevent postope- 

rative hepatic insufficiency. Only a single death ensued 

by applying this algorithm to 1429 consecutive cases of 

hepatectomies (685 HCC). Since posthepatectomy mor- 

tality happens to be exceedingly low, mortality cannot 

b e  used as the primary outcome. The results of more 

than 100 hepatectomies performed by the author, with 

zero mortality under the strict application of the above 

patient selection criterion, instead considered, satisfa- 

ctory verification of its strength [105]. 

Torzilli et al reported 107 patients who underwent 

resection for hepatocellular carcinoma without morta- 

lity [106]. Preoperative selection parameters were: the 

presence of ascites, the serum bilirubin level, the value 

of ICG 15 and the anticipated remaining liver volume. 

Preoperative portal venous embolization was carried 

out to increase the remnant volume, for patients with 

anticipated remnant volumes under 40% or ICG 15 va- 

lues of 10% to 20%. A scrutiny upon their selection pa- 

rameters designates that only CP Class A patients un- 

derwent surgery. ICG 15 value was employed for opti- 

mum patient selection (ICG 15<10%), aiming for ex- 

tended resection (four or more segments). All other CP 

Class A stratified patients underwent minor resections 

as conducted by the ICG 15 value. 

Poon et al [107] applied their selection algorithm 

based on: CP Class, ICG 15 value and a combination of 

anticipated remnant volume with laparoscopy and la- 

paroscopic ultrasound (in order to notice moderate to 

severe cirrhosis at the time of intended resection). 

Forty five patients, who underwent extended rese- 

ctions (greater than four segments) for hepatocellular 

carcinoma, were compared with a group of 161 pa- 
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tients with four or fewer segment resections. Liver fai- 

lure instigated death in one patient in each group. The 

authors speculated that satisfactory outcome after ma- 

jor resection could be anticipated among patients of 

CP Class A, presenting with ICG R15 <14%, or patients 

with a predicted large liver remnant volume with an 

ICG R15 value between 14% and 20%. CP Class B pa- 

tients were not recommended for extended resection. 

Redaelli et al [108] employed GSA time-activity 

curves along with the aminopyrine breath test, to 

select 167 patients who underwent curative resections 

(77 classical hemihepatectomies and 90 tissue-preser- 

ving resections). Total mortality and morbidity for the 

series was 3.6% and 29.9%, respectively. Morbidity but 

not mortality was significantly lower after tissue-pre- 

serving resections than after classical hemihepatecto- 

my. Only 2 patients died of acute liver failure. 

In selected cases with small liver remnants, opera- 

tion planning may be improved substantially by pre- 

operative computer-assisted risk analysis. Image-based 

computer assistance allows for areas at risk of devascu- 

larization or venous congestion to be identified and 

precisely calculated before resection. Lang et al [109] 

evaluated 25 consecutive patients admitted to hospital 

for major hepatectomy. The deviation between liver 

volumes determined by 2-dimensional computed to- 

mography and by computer-assisted risk analysis was 

less than 20% in 14 of 21 patients, between 20% and 

30% in 3, between 30% and 40% in 2, and 41% and 

43% in 1 patient each. The most extensive deviations 

were found in extended left hepatectomy or when left 

hepatectomy was combined with additional wedge re- 

section in the right lobe. In 7 cases, all with a deviation 

greater than 20%, the results of computer-assisted risk 

analysis led to a change of operation planning with 

regard to the extent of resection (n = 3) or the need for 

vascular reconstruction (n = 4), although in 1 of these 

cases resection was not performed because of perito- 

neal carcinomatosis. 

On a multiple regression analysis Yamanaka et al 

[110] evaluated initially 17 preoperative parameters. In 

their regression equation (predicting postoperative li- 

ver failure if score > 50) parameters ultimately inclu- 

ded were: Parencymal Hepatic Resection Rate as esti- 

mated by CT, the ICG retention rate and patient's age. 

Implementation of these scores preoperatively modi- 

fied their policy of patient selection and mortality was 

reduced from 17% to 6%. A further refinement of this 

scoring system based on 10 years of use, classified pa- 

tients in several categories. A score > 55 showed pa- 

tients at risk, borderline values were regarded bet- 

ween 45 and 55 and a score < 45 was considered as sa- 

fe [111]. From those patients considered to be in the 

safe zone suffering from HCC, 7.3% died due to hepa- 

tic failure but none undergoing resection for metasta- 

ses [ 112]. 

Gazzaniga et al [90] use CT and US portal Doppler 

analysis and liver biopsy in non cirrhotics to select 

patients for major hepatic resection based on the acti- 

vity index (scoring system adopted by the "Gruppo Ita- 

liano Patologia Apparato Digerente" [113]. Patients who 

indicate a mild or moderate activity index on liver bio- 

psy are considered for major resection. In cirrhotics 

only patients of Child class A with the absence of F2-F3 

varices, normal renal function, age < 65 years, amino- 

pyrine breath test > 8% dose/hour and activity index 

mild or moderate are considered as candidates for ma- 

jor hepatic resection. 

Combining CT volumentry and ICG-RI5 Kubota et 

al [114] proposed that resection < 60% of nontumorous 

parenchyma was acceptable in patients with normal li- 

vers and that resections < 50% of nontumorous paren- 

chyma was acceptable in patients with an ICG-RI5 

between 10 and 20%. They recommend that when the 

nontumorours parenchyma volume in noncirrhotic pa- 

tients is > 60% with IGC-RI5 value between 10 and 

20%, then preoperative portal vein embolization is in- 

dicated to increase the volume of the residual liver. 

References 

[1] W. Jarnagin, M. Gonen and Y. Fong et al., Improvement in 
perioperative outcome after hepatic resection analysis of 
1803 consecutive cases over the past decade, Ann Surg 236 
(2002), pp. 397-407. 

[2] G.D. Stewart, C.B. O'Suilleabhain and K.K. Madhavan et al., 
The extent of resection influences outcome following he- 
patectomy for colorectal liver metastases, Eur J Surg Oncol 

30 (2004), pp. 370-376. 
[3] S.A. Little, W.R. Jarnagin and R.P. DeMatteo et al., Diabetes 

is associated with increased perioperative mortality but 
equivalent long-term outcome after hepatic resection for 
colorectal cancer, J Gastrointest Surg 6 (2002), pp. 88-94. 

[4] Y. Ikeda, M. Shimada and H. Hasegawa et al., Prognosis of 



352. Chapter 25: Preoperative Assessment of Liver Function 

hepatocellular carcinoma with diabetes mellitus after hepa- 

tic resection, Hepatology 27 (1998), pp. 1567-1571. 

[5] J. Bruix, A. Castells and J. Bosch et al., Surgical resection of 

hepatocellular carcinoma in cirrhotic patients prognostic 

value of preoperative portal pressure, Gastroenterology 

111 (1996), pp. 1018-1022. 
[6] H. Lau, K. Man and S.T. Fan et al., Evaluation of preoperati- 

ve hepatic function in patients with hepatocellular carcino- 

ma undergoing hepatectomy, Br J Surg 84 (1997), pp. 

1255-1259. 
[7] E. Okamoto, A. Kyo and N. Yamanaka et al., Prediction of 

the safe limits of hepatectomy by combined volumetric 

and functional measurements in patients with impaired he- 

patic function, Surgery 95 (1984), pp. 586-592. 

[8] C.A. Redaelli, J. Dufour and M. Wagner et al., Preoperative 

galactose elimination capacity predicts complications and 

survival after hepatic resection, Ann Surg 235 (2002), pp. 

77-85. 
[9] J.V. Sitzmann and P.S. Greene, Perioperative predictors of 

morbidity following hepatic resection for neoplasm A mul- 

tivariate analysis of a single surgeon experience with 105 

patients, Ann Surg 219 (1994), pp. 13-17. 
[10] N. Nagasue, H. Kohno and M. Tachibana et al., Prognostic 

factors after hepatic resection for hepatocellular carcinoma 

associated with Child-Turcotte class B and C cirrhosis, Ann 

Surg 229 (1999), pp. 84-90. 
[11] Y. Soejima, M. Shimada and T. Suehiro et al., Use of steato- 

tic graft in living-donor liver transplantation, Transplanta- 

tion 76 (2003), pp. 344-348. 
[12] K.E. Behrns, G.G. Tsiotos and N.F. DeSouza et al., Hepatic 

steatosis as a potential risk factor for major hepatic rese- 

ction, J Gastrointest Surg 2 (1998), pp. 292-298. 

[13] M.F. Chen, H.P. Tsai and L.B. Jeng et al., Prognostic factors 
after resection for hepatocellular carcinoma in noncirrhotic 

livers univariate and multivariate analysis, World J Surg 27 

(2003), pp. 443-447. 
[14] Y. Fong, R.L. Sun and W. Jarnagin et al., An analysis of 412 

cases of hepatocellular carcinoma at a Western center, Ann 

Surg 229 (1999), pp. 790-800. 
[15] Shaw BW Jr (2001) Where monsters hide. Liver Transpl 

7:928-932. 
[16] Soejima Y, Shimada M, Suehiro T, Hiroshige S, Ninomiya 

M, Shiotani S, Harada N, Hideki I, Yonemura Y, Maehara Y. 

Outcome analysis in adult-to-adult living donor liver trans- 

plantation using the left lobe. Liver Transpl (2003) 9:581-586. 

[17] Ko GY, Sung KB, Yoon HK, Kim JH, Weon YC, Song HY. 

Preoperative portal vein embolization with a new liquid 

embolic agent. Radiology (2003)227:407-413. 

[18] Hwang S, Lee SG, Lee YJ, Park KM, Jeon HB, Sung GB, Min 
PC Significance of preoperative portal vein embolization of 

cirrhotic livers for major hepatectomy. J Korean Surg Soc 

(1997) 53:560-570. 

[19] Kubo S, Tanaka H, Shuto T, Takemura S, Uenishi T, Tanaka 

S, Hirohashi K. Hepatic failure after liver resection in pa- 

tients with cirrhosisNippon Geka Gakkai Zasshi. 2004 Oct; 

105 (10):669-73. 
[20] Nagao T, Inoue S, Goto S, Mizuta T, Omori Y, Kawano N, 

et al. Hepatic resection for hepatocellular carcinoma. Clini- 

cal features and long-term prognosis. Ann Surg 1987; 205 

(1):33-40. 
[21] Nagasue N, Yukaya H, Ogawa Y, Sasaki Y, Chang YC, Niimi 

K. Clinical experience with118 hepatic resections for hepa- 

tocellular carcinoma. Surgery 1986; 99 (6):694-701. 

[22] Bismuth H, Houssin D, Ornowski J, Meriggi F. Liver rese- 

ctions in cirrhotic patients: a Western experience. World J 

Surg 1986; 10 (2):311-7. 
[23] Chijiiwa K., Watanabe M. Nakano K. et al., Biliary indocya- 

nine green excretion as a predictor of hepatic adenosine 

triphosphate levels in patients with obstructive jaundice, 

Am J Surg 179 (2OOO), pp. 161-166. 
[24] Ozawa K., Aoyama H. Yasuda K. et al., Metabolic abnorma- 

lities associated with postoperative organ failure A redox 

theory, Arch Surg 118 (1983), pp. 1245-1251. 
[25] Kawasaki S, Sugiyama Y, Iga T, Hanano M, Sanjo K, Beppu 

T, Idezuki Y (1985) Pharmacokinetic study on the hepatic 

uptake of indocyanine green in cirrhotic patients. Am J 

Gastroenterol; 80:801-806. 

[26] Imamura H, Sano K, Sugawara Y, Kokudo N, Makuuchi M. 

Assessment of hepatic reserve for indication of hepatic re- 

section: decision tree incorporating indocyanine green test 

J Hepatobiliary Pancreat Surg (2005); 12:16-22. 
[27] Chung-Bao Hsieh, Chung-Jueng Chen, Teng-Wei Chen, 

Jyh-Cherng Yu, Kuo-Liang Shen, Tzu-Ming Chang, Yao-Chi 
Liu. Accuracy of indocyanine green pulse spectrophotome- 

try clearance test for liver function prediction in transplan- 
ted patients World J Gastroenterol 2004; 10 (16):2394- 

2396. 
[28] Jalan R, Plevris JN, Jalan AR, Finlayson ND, Hayes PC. A pi- 

lot study of indocyanine green clearance as an early predi- 

ctor of graft function. Transplantation. 1994 Jul 27; 58 (2): 

196-200. 
[29] Kawasaki S, Makuuchi M, Miyagawa S, Kakazu T, Hayashi 

K, Kasai H, Milva S, Hui AM, Nishimaki K. Results of hepa- 

tic resec-tion for hepatocellular carcinoma. World J Surg 

1995; 19:31-34. 
[30] E1-Desoky A, Seifalian AM, Cope M, Delpy DT, Davidson 

BR. Experimental study of liver dysfunction evaluated by 

direct indocyanine green clearance using near infrared 

spectroscopy. Br ] Surg 1999; 86:1005-1011. 

[31] Wood AJJ, villeneuve Jp, Branch RA, Rogers LW, Shand 

DGIntact hepatocyte theory of impaired drug metabolism 

in experimental cirrhosis in the rat. Gastroenterology. 1979; 

76:1358-1362. 
[32] Fan S.T., Lai E.C. Lo C.M. et al., Hospital mortality of major 



G. Sgourakis, Th. Christofides, Ch .Con. Karaliotas, Con. Ch. Karaliotas 353 

hepatectomy for hepatocellular carcinoma associated with 

cirrhosis, Arch Surg 130 (1995), pp. 198-203. 
[33] Lam C.M., Fan S.T. Lo C.M. et al., Major hepatectomy for 

hepatocellular carcinoma in patients with an unsatisfactory 

indocyanine green clearance test, Br J Surg 86 (1999), pp. 

1012-1017. 

[34] Huet PM, Goresky CA, Villeneuve JP, Marleau D, Lough JO. 

Assessment of liver microcirculation in human cirrhosis. J 

Clin Invest (1982) 70:109-113. 

[35] Reichen J, Egger B, Ohara N, Zeltner T, Zysset T, Zimmer- 

mann A Determinant of hepatic functions in liver cirrhosis 

in the rat: a multivariate analysis. J Clin Invest (1988); 82: 

2069-2076. 

[36] Schaffner F, Popper H (1963) Capillarization of hepatic 

sinusoids. Gastroenterology 44:239-242. 

[37] Sneider PD. Preoperative assessment of liver function. Surg 

Clin N Am 84 (2004) 355-373). 

[38] Uesaka K, Nimura Y, Nagino M. Changes in hepatic lobar 

function after right portal vein embolization. An appraisal 

by biliary indocyanine green excretion. Ann Surg. 1996 

Jan; 223 (1):77-83. 

[39] Kawasaki S, Sugiyama Y, Iga T, Hanano M, Beppu T, Sugiu- 

ra M, Sanjo K, Idezuki Y (1988) Hepatic clearances of anti- 

pyrine, indocyanine green, and galactose in normal sub- 

jects and in patients with chronic liver disease. Clin Phar- 

macol Ther; 44:217-214. 

[40] Pessayre D, Lebrec D, Descantoire V, Peignoux M, Benha- 

mou JPMechanism for reduced drug clearance in patients 

with cirrhosis. Gastroenterology; (1978); 74:566-571. 

[41] Popper H, Elias H, Petty DE Vascular pattern of the cirrho- 

tic liver. AmJ Clin Pathol (1952) 22:717-729. 

[42] Sung-Gyu Lee, Shin Hwang. How I do it: assessment of he- 

patic functional reserve for indication of hepatic resection. 

J Hepatobiliary Pancreat Surg; (2005); 12:38-43. 

[43] Eckelman WC, Reba RC, Gibson RE, Rzeszotarski WJ, Vie- 

ras F, Mazaitis JK, et al. Receptor-binding radiotracers: a class 
of potential radiopharmaceuticals. J Nucl Med; 1979; 20 

(4):350-7. 
[44] Pimstone NR St, Vera DR, Hutak DP, Trudeau WL. Eva- 

luation of hepatocelllular function by way of receptor-me- 

diated uptake of a technetium-99m-labelled asialoglyco- 

protein analog. Hepatology 1994; 20 (4):917-23. 

[45] Stadalnik RC, Vera DR, Woodle ES, Trudeau WL, Ward RE, 

Krohn KA. Technetium-99m-NGA functional hepatic ima- 

ging: preliminary clinical experience. J Nucl Med; 1985; 26: 

1233-42. 

[46] Vera DR, Stadalnik RC, Krohn KA. (Tc-99m)-galactosyl- 

neoglycoalbumin: preparation and preclinical studies. J 

Nucl Med 1985; 26:1157-67. 

[47] Kudo M, Todo A, Ikekubo K, Hino M, Yonekura Y, Yama- 

moto K, et al. Functional hepatic imaging with receptor- 

binding radiopharmaceutical: clinical potential as a measu- 

re of functioning hepatocyte mass. Gastroenterol Jpn 1991; 

26 (6):734-41. 
[48] Sasaki N, Shiomi S, Iwata Y, Nishiguchi S, Kuroki T, Ka- 

wabe J, et al. Clinical usefulness of scintigraphy with 99m- 

Tc-galactosyl-human serum albumin for prognosis of cirr- 

hosis of the liver. J Nucl Med 1999; 40 (10):1652-6. 

[49] Hwang EH, Taki J, Shuke N, Nakajima K, Kinuya S, Konishi 

S, Michigishi T, Aburano T, Tonami N. Preoperative assess- 

ment of residual hepatic functional reserve using 99mTc- 

DTPA-galactosyl-human serum albumin dynamic SPECT. J 

Nucl Med. 1999 Oct; 40 (10):1644-51. 

[50] Kawamura E, Shiomi S, Ishizu H, Torii K, Kawabe J, Habu 

D, Nishiguchi S. Natural course of changes in hepatic fun- 

ctional reserve in patients with chronic liver diseases eva- 

luated by scintigraphy with GSA. Hepatol Res. 2003 Oct; 27 

(2):129-135. 

[51] Kwon A-H, Ha-Kawa SK, Uetsuji S, Kamiyama Y, Tanaka Y. 

Use of technetium 99m diethylenetriamine-pentaacetic 

acid-galactosyl-human serum albumin liver scintigraphy in 

the evaluation of preoperative and postoperative hepatic 

functional reserve for hepatectomy. Surgery 1995; 117 (4): 

429-34. 

[52] Ha-Kawa SK, Tanaka Y, Hasebe S, Kuniyasu Y, Koizumi K, 

Ishii Y, et al. Compartmental analysis of asialoglycoprotein 

receptor scintigraphy for quantitative measurement of liver 

function: a multicentre study. Eur J Nucl Med 1997; 24 (2): 

130-7. 
[53] Kokudo N, Vera DR, Koizumi M, Seki M, Sato T, Stadalnik 

RC, Takahashi T. Recovery of hepatic asialoglycoprotein 

receptors after major hepatic resection. J Nucl Med; 1998; 

40 (1):137-41. 

[54] Akaki S, Mitsumori A, Kanazawa S, Togami I, Takeda Y. 

Lobar decrease in 99m-Tc-GSA accumulation in hilar cho- 

langiocarcinoma. J Nucl Med; 1999; 40 (3):394-8. 

[55] Akaki S, Mitsumori A, Kanazawa S, Togami I, Takeda Y, Hi- 

raki Y. Lobar decrease in 99mTc-GSA accumulation in hilar 

cholangiocarcinoma. J Nucl Med. 1999 Mar; 40 (3):394-8. 

[56] Nakano H, Yoshida K, Takeuchi S, Kumada K, Yamaguchi 

M, Jaeck D. Liver scintigraphy is useful for selecting candi- 

dates for preoperative transarterial chemoembolization 

among patients with hepatocellular carcinoma and chronic 

liver disease. Am J Surg1999; 178 (11):385-9. 

[57] Tanaka A, Shinohara H, Hatono E, Sato S, Kanazawa A, Ya- 

maoka Y, Torizuka T, et al. Perioperative changes in hepa- 

tic function as assessed by asialoglycoprotein receptor in- 

dices by technetium 99m galactosyl human serum albumin. 

Hepatogastroenterology; 1999; 46:369-75. 

[58] Harada H, Imamura H, Miyagawa S, Kawasaki S. Fate of the 

human liver after hemihepatic portal vein embolization: 

cell kinetic and morphometric study. Hepatology 1997; 26 

(5):1162-9 [26]. 

[59] Uetake M, Koizumi K, Yagawa A, Nogata H, Tezuka T, Ko- 



354 Chapter 25: Preoperative Assessment of Liver Function 

no H, Ozawa T, et al. Use of Tc-99m DTPA galactosyl hu- 

man serum albumin to predict postoperative residual liver 

function. Clin Nucl Med 1999; 24 (6):428-34. 

[60] Wakabayashi H, Nishiyama Y, Ushiyama T, Maeba T, Maeta 

H. Evaluation of the effect of age on functioning hepat-cyte 

mass and liver blood flow using liver scintigraphy in 

preoperative estimations for surgical patients: comparison 

with CT volumetry. J Surg Res; 2002; 106:246-53. 

[61] Kubo S, Shiomi S, Tanaka H, Shuto T, Takemura S, Mikami 

S, Uenishi T, et al. Evaluation of the effect of portal vein 

embolization on liver function by 99m-Tc-glactosyl human 

serum albumin scintigraphy. J Surg Res; 2002; 107:113-8. 

[62] Li X-F, Taki J., Kinuya S., Higuchi T., Konishi S., Hwang E- 

H., Shuke N., Nakajima K., Tonami N. Asialoglycoprotein 

receptor concentration in tumor-bearing livers and its fate 

early ater their sectorial resection. Ann of Nucl Med; 2003; 

17(6): 489-493. 

[63] Ohno Y., Ishida H., Hayashi A., Kamagata S., Hirobe S., Fu- 

chimoto Y., Ishii K. Quantitative evaluation of the regional 

dynamic function of hepatocytes after living donor liver 

transplantation using 99mTc-GSA: A preliminary report. 

Acta Med. Nagasaki; 2004; 49:137-141. 

[64] Kwon A.H., Matsui Y., Kaibori M., Satoi S., Kamiyama Y. 

Safety of hepatectomy for living donors as evaluated using 

asialoscintigraphy. Transplant Proc. 2004 Oct; 36 (8):2239- 

42. 

[65] Onodera Yuya, Takahashi K., Togashi T., Sugai Y., Tamaki 

N., Miyasaka K. Clinical assessment of hepatic functional 

reserve using 99mTc DTPA galactosyl human serum albu- 

min SPECT to prognosticate chronic hepatic diseases - vali- 

dation of the use of SPECT and a new indicator. Ann of 

Nucl Med 2003; vol. 17, No. 3, 181-188. 

[66] Bennink R.J., Dinant S., Erdogan D., Heijnen B.H., Straats- 

burg I.H., van Vliet A.K., van Gulik T.M. Preoperative 

assessment of postoperative remnant liver function using 

hepatobiliary scintigraphy. J Nucl Med. 2004 Jun; 45 (6): 

965-71. 
[67] Nishiyama Y., Yamamoto Y., Hino I., Satoh K., Wakabaya- 

shi H., Ohkawa M. 99m Tc galactosyl human serum albu- 

min liver dynamic SPET for pre-operative assessment of 

hepatectomy in relation to percutaneous transhepatic por- 

tal embolization. Nucl Med Commun. 2003 Jul; 24 (7):809- 

17. 

[68] Satoh K, Yamamoto Y, Nishiyama Y, Wakabayashi H, Oh- 

kawa M. 99mTc-GSA liver dynamic SPECT for the preope- 

rative assessment of hepatectomy. Ann Nucl Med. 2003 

Feb; 17 (1):61-7. 

[69] Hirai I, Kimura W, Fuse A, Suto K, Urayama M. Evaluation 

of preoperative portal embolization for safe hepatectomy, 

with special reference to assessment of nonembolized lobe 

function with 99mTc-GSA SPECT scintigraphy. Surgery. 

2003 May; 133 (5):495-506. 

[70] Sugai Y, Komatani A, Hosoya T, Yamaguchi K. Response to 

percutaneous transhepatic portal embolization: new propo- 

sed parameters by 99mTc-GSA SPECT and their usefulness 

in prognostic estimation after hepatectomy. J Nucl Med. 

2000 Mar; 41 (3):421-5. 

[71] Fukui A, Murase K, Tsuda T, Fujii T, Ikezoe J. Assessment 

of liver function in chronic liver diseases and regional fun- 

ction of irradiated liver by means of 99mTc-galactosyl- 

human serum albumin liver scintigraphy and quantitative 

spectral analysis. Ann Nucl Med. 2000 Dec; 14 (6):467-76. 

[72] Akaki S, Kanazawa S, Tsunoda M, Okumura Y, Togami I, 

Kuroda M, Takeda Y, Hiraki Y. Nontumorous decrease in 

Tc-99m GSA accumulation. Ann Nucl Med. 2000 Dec; 14 

(6):477-83. 

[73] Fukunaga K, Todoroki T, Takada Y, Otsuka M, Kawamoto 

T, Fukao K. Hepatic functional reserve in patients with bi- 

liary malignancies: an assessment by technetium 99m gala- 

ctosyl human serum albumin hepatic scintigraphy. Int Surg. 

1999 Jul-Sep; 84 (3): 199-203. 
[74] Kira T, Tomiguchi S, Takahashi M. Quantitative evaluation 

of the regional hepatic reserve by 99mTc-GSA dynamic 

SPECT before and after chemolipiodolization in patients 

with hepatocellular carcinoma. Ann Nucl Med. 1998 Dec; 

12 (6):369-73. 
[75] Mullin EJ, Metcalfe MS, Maddern GJ. How much liver rese- 

ction is too much? Am J Surg. 2005 Jul; 190 (1):87-97. 

[76] K.N. Furuya, P.R. Durie and E.A. Roberts et al., Glycine 

conjugation of para-aminobenzoic acid (PABA) a quantita- 

tive test of liver function, Clin Biochem 28 (1995), pp. 531- 

540. 

[77] S. Lebel, Y. Nakamachi and A. Hemming et al., Glycine 

conjugation of para-aminobenzoic acid (PABA) a pilot stu- 

dy of a novel prognostic test in acute liver failure in chil- 

dren, J Pediatr Gastroenterol Nutr. 

[78] Hemming AW, Gallinger S, Greig PD, Cattral MS, Langer B, 

Taylor BR, Verjee Z, Giesbrecht E, Nakamachi Y, Furuya 

KN. The hippurate ratio as an indicator of functional hepa- 

tic reserve for resection of hepatocellular carcinoma in 

cirrhotic patients. J Gastrointest Surg. 2001 May-Jun; 5 (3): 

316-21. 

[79] L.F. Duffy, B. Kerzner and L. Seeff et al., Preliminary assess- 

ment of glycine conjugation of para-aminobenzoic acid as 

a quantitative test of liver function, Clin Biochem 28 

(1995), pp. 527-530. 
[80] G.H. Clowes Jr, W.V. McDermott and L.F. Williams et al., 

Amino acid clearance and prognosis in surgical patients 

with cirrhosis, Surgery 96 (1984), pp. 675-685. 

[81] H. Lau, K. Man and S.T. Fan et al., Evaluation of preopera- 

tive hepatic function in patients with hepatocellular 

carcinoma undergoing hepatectomy, Br J Surg 84 (1997), 

pp. 1255-1259. 

[82] A. Armuzzi, M. Candelli and M.A. Zocco et al., Review arti- 



G. Sgourakis, Th. Christofides, Ch .Con. Karaliotas, Con. Ch. Karaliotas 355 

cle breath testing for human liver function assessment, Ali- 

ment Pharmacol Ther 16 (2002), pp. 1977-1996. 

[83] C. Merkel, A. Gatta and M. Zoli et al., Prognostic value of 

galactose elimination capacity, aminopyrine breath test, 

and ICG clearance in patients with cirrhosis Comparison 

with the Pugh score, Dig Dis Sci 36 (1991), pp. 1197-1203. 

[84] R.A. Gill, M.W. Goodman and G.R. Golfus et al., Aminopy- 

rine breath test predicts surgical risk for patients with liver 

disease, Ann Surg 198 (1983), pp. 701-704. 

[85] Y. Horsmans, D. Lejeune and A.P. Geubel et al., Hepatic 

[14C] aminopyrine demethylation capacity after portocaval 

shunting Comparative study in patients with and without 

arterialization of portal vein, Dig Dis Sci 38 (1993), pp. 

2177-2182. 

[86] G. Ercolani, G.L. Grazi and R. Calliva et al., The lidocaine 

(MEGX) test as an index of hepatic function its clinical use- 

fulness in liver surgery, Surgery 127 (2000), pp. 464-471. 

[87] Y.S. Huang, J.H. Chiang and J.C. Wu et al., Risk of hepatic 

failure after transcatheter arterial chemoembolization for 

hepatocellular carcinoma predictive value of the mono- 

ethylglycinexylidide test, Am J Gastroenterol 97 (2002), 

pp. 1223-1227. 

[88] M. Oellerich and V.W. Armstrong, The MEGX test a tool 

for the real-time assessment of hepatic function, Ther Drug 

Monit 23 (2001), pp. 81-92. 

[89] L. Fabris, R.M. Jemmolo and G. Toffolo et al., The mono- 

ethylglycinexylidide test for grading of liver cirrhosis, Ali- 

ment Pharmacol Ther 13 (1999), pp. 67-75. 

[90] Gazzaniga G. M, Cappato S., Belli E. F., Bagarolo C., Filauro 

M. Assessment of hepatic reserve for the indication of he- 

patic resection: how I do it. J Hepatobiliary Pancreat Surg 

(2005) 12:27-30. 

[91] S. Akaki, Y. Okumura, N. Sasai, S. Sato, M.Tsunoda, M. Ku- 

roda, S. Kanazawa, Y. Hiraki. Hepatectomy simulation di- 

screpancy between radionuclide receptor imaging and CT 

volumetry: influence of decreased unilateral portal venous 

flow. Annals of Nuclear Medicine Vol. 17, No. 1, 23-29, 

2003. 

[92] D. Azoulay, D. Castaing and J. Krissat et al., Percutaneous 

portal vein embolization increases the feasibility and safety 

of major liver resection for hepatocellular carcinoma in in- 

jured liver, Ann Surg 232 (2000), pp. 665-672. 

[93] Zhu J-Y., Leng X-S., Dong N., Qi G-Y., Du R-Y. Measure- 

ment of liver volume and its clinical significance in cirrho- 

tic portal hypertensive patients. W J Gastoenterol 1999; 5 

(6):525-526. 

[94] K. Shirabe, M. Shimada and T. Gion et al., Postoperative li- 

ver failure after major hepatic resection for hepatocellular 

carcinoma in the modern era with special reference to 

remnant liver volume, J Am Coil Surg 188 (1999), pp. 304- 

309. 

[95] A.W. Hemming, A.I. Reed and R.J. Howard et al., Preope- 

rative portal vein embolization for extended hepatecto- 

my, Ann Surg 237 (2003), pp. 686-693. 

[96] Yi-Ming Li, Fan Lv, Xin Xu, Hong Ji, Wen-Tao Gao, Tuan- 

Jie Lei, Gui-Bing Ren, Zhi-Lan Bai, Qiang Li. Evaluation of 

liver functional reserve by combining D-sorbitol clearan- 

ce rate and CT measured liver volume. World J Gastroen- 

terol 2003; 9 (9):2092-2095 

[97] Zheng Pan, Xing-Jiang Wu, Jie-Shou Li, Fang-Nan Liu, 

Wei-Su Li, Jian-Ming Han Functional hepatic flow in pa- 

tients with liver cirrhosis. World J Gastroenterol 2004 

March 15; 10 (6):915-918 

[98] C. Herold, R. Heinz and M. Radespiel-Troger et al., Quan- 

titative testing of liver function in patients with cirrhosis 

due to chronic hepatitis C to assess disease severity, Liver 

21 (2001), pp. 26-30. 

[99] G.J. Park, P.H. Katelaris and D.B. Jones et al., Validity of 

the C-caffeine breath test as a noninvasive, quantitative 

test of liver function, Hepatology 38 (2003), pp. 1227- 

1236. 

[100] K. Mori, K. Ozawa and Y. Yamamoto et al., Response of 

hepatic mitochondr!a 1 redox state to oral glucose load Re- 

dox tolerance test as a new predictor of surgical risk in 

hepatectomy, Ann Surg 211 (1990), pp. 438-446. 

[101] K. Asonuma, S. Takaya and R. Selby et al., The clinical 

significance of'the arterial ketone body ratio as an early 

indicator of graft viability in human liver transplantation, 

Transplantation 51 (1991), pp. 164-171. 

[102] M. Abel, E. Tanaka and N. Tanaka et al., Clinical signifi- 

cance of the trimethadione tolerance test in chronic he- 

patitis a useful indicator of hepatic drug metabolizing ca- 

pacity, J Gastroenterol 30 (1995), pp. 478-484. 

[103] A. Ishikawa; K. Fukao and K. Tsuji et al., Trimethadione 

tolerance tests for the assessment of feasible size of hepa- 

tic resection in patients with hepatocellular carcinoma, J 

Gastroenterol Hepatol 8 (1993), pp. 426-432. 

[104] Jarnagin WR, Gonen M, Fong Y, DeMatteo RP, Ben-Porat 

L, Little S, et al. Improvement in perioperative outcome 

after hepatic resection: analysis of 1803 consecutive cases 

over the past decade. Ann Surg 2002;236(4):397-406. 

[105] Imamura H, Seyama Y, Kokudo N, Kokudo N, Maema A, 

Sugawara Y, Sano K, Takayama T, Makuuchi M (2003) 

One thousand fifty-six hepatectomies without mortality 

in 8 years. Arch Surg 138" 1198-1206. 

[106] Torzilli G, Makuuchi M, Inoue K, Takayama T, Sakamoto 

Y, Sugawara Y, et al. Nomortality liver resection for hepa- 

tocellular carcinoma in cirrhotic and noncirrhotic patients: 

is there a way? A prospective analysis of our approach. 

Arch Surg" 1999; 134 (9):984-92. 

[107] Poon RT, Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, et 

al. Extended hepatic resection for hepatocellular carcino- 

ma in patients with cirrhosis, is it justified? Ann Surg; 

2002; 236 (5):602-11. 



356 Chapter 25: Preoperative Assessment of Liver Function 

[108] Redaelli CA, Wagner M, Krahenbuhl L, Gloor B, Schilling 

MK, Dufour J-F, Buchler MW. Liver surgery in the era of 

tissue-preserving resections: early and late outcome in 

patients with primary and secondary hepatic tumors. 

WorldJ Surg; 2002; 26:1126-32. 

[109] Lang H, Radtke A, Hindennach M, Schroeder T, Fruhauf 

NR, Malago M, Bourquain H, Peitgen HO, Oldhafer KJ, 

Broelsch CE. Impact of virtual tumor resection and com- 

puter-assisted risk analysis on operation planning and in- 

traoperative strategy in major hepatic resection. Arch 

Surg. 2005 Jul; 140 (7):629-38; discussion 638. 

[110] N. Yamanaka, E. Okamoto, K. Kuwata and N. Tanaka, A 

multiple regression equation for prediction of posthepa- 

tectomy liver failure, Ann Surg 200 (1984), pp. 658-663. 

[111] N. Yamanaka, E. Okamoto and T. Oriyama et al., A predi- 

ction scoring system to select the surgical treatment of li- 

ver cancer Further refinement based on 10 years of use, 

Ann Surg 219 (1994), pp. 342-346. 

[112] K. Ozawa, T. Ida and T. Yamada et al., Significance of 

glucose tolerance as prognostic sign in hepatectomized 

patients, Am J Surg 131 (1976), pp. 541-546. 

[113] Guido M, Faa G. La diagnosi morfologica delle epatiti 

croniche. Requisiti minimi del referto istopatologico. Pa- 

thologica (1998), 90:176-182. 

[114] K. Kubota, M. Makuuchi and K. Kusaka et al.. Measure- 

ment of liver volume and hepatic functional reserve as a 

guide to decision-making in resectional surgery for hepa- 

tic tumors, Hepatology 26 (1997), pp. 1176-1181. 



INDICATIONS FOR LIVER RESECTION 

A. Healy, J. Tracey, N.A. Habib, L.R. Jiao 

26.1. Introduct ion 

Over the past twenty-five years, hepatic resection has 

evolved from a high risk, resource intensive procedure 

with limited application to a safe and commonly per- 

formed operation, with broad indications. This period 

has seen dramatic improvement in perioperative out- 

come, including reductions in mortality, blood loss, 

transfusion rates, and hospital stay [1-2]. These impro- 

ved perioperative results are largely responsible for the 

emergence of hepatic resection as a viable and effecti- 

ve treatment option for selected patients with 1 and 2 

hepatobiliary malignancy. Continued advances in ima- 

ging technology, along with a heightened awareness of 

the clinical and tumour-related variables that dictate 

outcome, have allowed better preoperative assessment 

of disease extent and improved patient selection. Ad- 

vances in other areas, such as minimally invasive and 

ablative techniques, have increased the treatment op- 

tions and have had some impact on the approach to 

patients with malignant hepatobiliary disease. How- 

ever, resection remains the most effective therapy. The 

current status of partial hepatectomy is not the result of 

any randomised trial, demonstrating greater efficacy 

over other therapy. On the contrary, no such studies 

has ever been performed, nor is one likely to be, as the 

long-term results of resection are far superior to any 

other existing therapy [3]. Despite this, recurrence ra- 

tes remain high, and further improvements in survival 

will require more effective systemic agents. As better 

adjuvant and neo-adjuvant therapies emerge, the re- 

suits of resection are likely to improve and the indica- 

tions for its application perhaps will extend to patients 

currently considered to have unresectable disease. 

26.2. Indications 

26 .2 .1 .Colorec ta l  Liver Metastasis (CLM) 

Stage IV colorectal carcinoma is by far the most com- 

mon indication for hepatic resection in Western coun- 

tries [3]. However, no single concensus exists on the 

indications for surgical resection. Colorectal cancer is 

the third most common cause of cancer death in the 

UK. Surgery is the treatment of choice in patients with 

localised disease but more than the half of all patients 

will develop metastases. The liver is the first site of 

metastatic disease and may be the only site of spread 

in as many as 30-40% of patients with advanced disea- 

se. It has been postulated that, because haematogenous 

spread usually occurs in a stepwise fashion, initially to 

the liver, with subsequent intrahepatic spread via the 

portal vein and further spread to the systemic circula- 

tion, surgical resection of isolated hepatic metastases 

from colorectal cancer may be curative. The natural hi- 

story of colorectal cancer is variable, with a median 

without treatment survival of only 8 months. Patients 

with isolated metastases have a better prognosis than 

those with more extensive metastatic disease. How- 

ever, few patients with only liver metastases survive 

for 5 years. Around 20-30% of these are potentially 

resectable. Selection criteria for surgery are usually 

controlled primary turnout, no extrahepatic metastases 

and the presupposition that resection is technically 

feasible leaving tumour free margins. Chemotherapy is 

palliative when used alone, but can prolong survival in 

inoperable disease. Used in combination with surgery 

it may prolong time to recurrence after resection or 

downsize to resectability patients previously judged 

inoperable. 

Indications for surgery are based purely on pro- 

and retrospective series, detailing the results of surgery 

with curative intent. The nature of these published stu- 
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dies does not allow quantitative analysis of the effecti- 

veness of surgical intervention but qualitative analysis 

is as follows: 

Surgical resection of hepatic metastases can be un- 

dertaken safely in a majority of patients (median post- 

operative 30 day mortality 2.8%). The most common 

reported causes of postoperative death include hepatic 

failure, postoperative haemorrhage and sepsis. Five- 

year disease free survival rates range average 18% in 

radically resected patients [4-5]. 

26.2.2. Hepatocellular Carcinoma (HCC) 

Worldwide, primary hepatocellular carcinoma (HCC) 

is among the most frequently encountered solid organ 

tumours in the world, responsible for approximately 

250,000 new cases annually. Previously considered un- 

common in western countries, the incidence and mor- 

tality related to HCC is increasing, due mostly to the 

increasing incidence of hepatitis C virus infection. The 

treatment o f  HCC, unlike other hepatic malignancies, 

is often complicated by the coexistence of chronic li- 

ver disease and cirrhosis, the presence of which fre- 

quently limit treatment options. Untreated, the prog- 

nosis is grim and the only curative treatment is rese- 

ction. Improvements in operative technique and post- 

operative care now mean that 10% mortality for the re- 

section of cirrhotic livers with up to 50% 5 year survi- 

val rates are to be expected [5]. 

When HCC arises in non-cirrhotic liver, it is often 

diagnosed when the tumour becomes large and sym- 

ptomatic. In the absence of diffuse disease involving 

lobes or metastases, aggressive surgical management is 

indicated. In these patients resection of the tumour can 

be considered, regardless of the tumour size, since 

they usually are in good general condition and surgical 

resection tends to involve only tumour mass rather 

than functional hepatic parenchyma. 

Most HCCs however, occur in patients with chronic 

liver disease or cirrhosis. This often results in impor- 

tant changes in portal haemodynamics and a reduction 

in the functional liver parenchyma. The Child-Pugh 

classification is the most useful tool in evaluating cirr- 

hotic patients with impaired liver function. Other so- 

phisticated techniques for determining hepatic reser- 

ve, for example the plasma retention rate of indocyani- 

ne green at 15mins, preoperative portal pressure as- 

sessment and 3D-CT reconstruction of the liver can be 

used in deciding whether to proceed with surgery. 

Resection of HCC is only considered in Child-Pugh 

A patients. However Child-Pugh is only used in cirrho- 

sis and liver damage at resection can vary widely from 

periportal fibrosis to extensive fibrosis/cirrhosis. The- 

refore the operating surgeon must modify his techni- 

que, using as many preoperative investigation results 

as possible, before proceeding. A decision algorithm 

combining the presence or absence of ascites, total se- 

rum bilirubin level and ICG retention at 15 min has 

been proposed by Makuuchi et al. Limited resections 

are performed in those patients with increased ICG15. 

Other modalities, for example hepatic venous pres- 

sure gradient (HVPG) have been proposed, with 10 

mmHg, a threshold below of which patients are eligi- 

ble for resection and above of which they are referred 

for nonoperative management. Factors such as the tu- 

mour size, the depth and distance of the tumour from 

the major vessels or the presence of intrahepatic meta- 

stases should be taken into consideration. Surgical re- 

section is suitable for those patients with small sized 

solitary tumours with no portal invasion. Patients with 

larger tumours require careful selection. In clinical pra- 

ctice, these patients benefit most from multidisciplina- 

ry discussion. 

Liver resection for HCC in a cirrhotic liver is con- 

traindicated in the presence of severe liver functional 

impairment (such as ascites, jaundice, Child-Pugh B 

and C, and liver atrophy). In these cases there is in- 

creased risk of liver decompensation or failure during 

the postoperative period. Other situations that preclu- 

de resection are the presence of portal vein thrombosis 

reflecting extensive disease, lymph node metastases, 

extrahepatic localisations and intrahepatic multiple, 

diffuse disease. All these situations render any treat- 

ment palliative. The use of laparoscopic ultrasound, as 

a preoperative assessment tool, has further reduced li- 

ver resection rates by as much as 60%. 

26.2.3.  Neuroendocrine Tumours 

Cytoreductive therapy is effective in the management 

of metastatic neuroendocrine tumours to the liver, in- 

dependently of their functioning status [6]. In functio- 

ning tumours, clinical endocrinopathies are relieved in 

most patients and this response usually lasts for several 
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months. At major centres, major morbidity and morta- 

lity are within the average complication rate for rese- 

ction for nonneuroendocrine metastatic tumours; the- 

refore, surgical outcomes appear to justify operative 

intervention. Patients whose primary tumour can be 

controlled, whose metastases outside the liver are limi- 

ted and who have a reasonable performance status are 

candidates for resection. The current mortality rate of 

1.2% and major morbidity rate of 15% clearly repre- 

sent the success of the operative approach in such 

complex cases (more than the half of the patients re- 

ceive a resection of at least one lobe). A symptomatic 

response in up to 95% patients with median response 

duration of 45 months adds many months of symptom- 

free survival to the lives of most of them. In many pa- 

tients undergoing a major hepatic resection, concur- 

rent resection of the primary tumour is performed. 

These data confirm that resection in selected patients 

is not more complicated or risky than resection for 

other metastatic tumours. Endocrinopathies do not in- 

crease anaesthetic or operative risk in selected popula- 

tions. However, the best results are the product of ma- 

naging these patients over time, becoming familiar 

with their clinical syndromes and actively optimising 

prevention of life-threatening endocrine complications 

(i.e. carcinoid crisis). 

Patients with cardiac-valvular disease are not good 

candidates for surgery. These patients develop right- 

sided heart failure with an increase in the central ve- 

nous pressure. This condition can result in massive he- 

morrhage, during the liver resection, because of the 

difficulty in controlling backbleeding from the hepatic 

veins. It should, therefore, be a common preoperative 
policy to rule out valvular disease in every patient with 

carcinoid tumours and repair the valves prior to hepa- 

tic resection, when indicated. 

Liver transplantation seems to be very attractive as 

a means of eradicating the disease. Unfortunately, it is 

not common in clinical practice because the shortage 

of allografts and the overall costs and complications of 

the procedure override its benefits, especially when 

compared with partial hepatectomy. Current methods, 

that were not readily available in the past, for dete- 

cting the spread of disease such as MRI and indium- 

111 pentetreotide (Octreoscan), may expand the appli- 

cations of transplantation and allow a better selection 

of candidates. The option of transplantation is still 

open to improvement and is dependent on organ avai- 

lability and better staging of the disease. Metastases 

from neuroendocrine tumours are hypervascular, fa- 

vouring the application of MRI as the single imaging 

method. MRI not only evaluates the location and chara- 

cteristics of the lesions but also determines the rela- 

tionship with major vessels and bile ducts. Spiral CT 

scan has been used extensively in the past with accep- 

table results. Indium-I l l  pentetreotide functions on 

the base of somatostatin receptors present in these tu- 

mours, but its use has not been established definitely 

in the work-up of these patients. The best use of in- 

d ium-I l l  pentetreotide is in the evaluation of disease 

beyond the primary and liver locations, for example to 

exclude bone metastases; its use, therefore, will likely 

affect the preoperative work-up of candidates for ope- 

rative management. 

Once the patient has been deemed to have resecta- 

ble disease by the preoperative work-up, several steps 

need to be completed prior to surgery for decreasing 

the effect of specific endocrinopathies. For patients 

with symptoms related to carcinoid tumours, preope- 

rative preparation with 150 to 500 micrograms of so- 

matostatin decreases the chances of carcinoid crisis, 

which is manifested by haemodynamic instability. The 

use of this medication intraoperatively should be kept 

in mind because a carcinoid crisis can occur despite 

anesthetic premedication. In most patients with islet 

cell tumours, treatment of underlying endocrinopathy 

has been initiated before referral for surgical treat- 

ment. 

Surgery is appropriate for patients with metastatic 

neuroendocrine tumours for the following two rea- 

sons: 

(a) 

(b) 

many of them still have the primary tumour in pla- 

ce and resection should be undertaken to avoid 

acute complications and 

the addition of adjunctive ablative therapies to sur- 

gical resection accomplishes the control of greater 

than or equal to 90% of the bulk of the tumour. If 

preoperative evaluation indicates that less than 90% 

of the tumour is treatable, surgical therapy is 

contraindicated. Last, even when complete rese- 

ctions are performed, the recurrence rate for these 

tumours is extremely high. In practical terms, pa- 

tients with metastatic neuroendocrine tumours are 
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seldom cured. The best hope physicians can offer 

to these patients is an extended survival period 

with minimal endocrine symptoms and decreased 

requirements of somatostatin analogues. 

26.2.4. Non-Neuroendocrine,  Non-Colorectal 
Liver Metastases (NCNN) [9] 

The role of metastatectomy for colorectal and neuro- 

endocrine liver secondaries is well established [7-8]. 

Significant palliation and survival have been reported 

after aggressive surgical resection. Surgical resection of 

liver secondaries for NCNN tumours is less well defi- 

ned. In the past, patients with metastatic liver disease 

were not considered curable and life expectancy was 

limited. However, progress in liver surgery has spur- 

red the development of surgical strategies to cope with 

patients presenting with liver secondaries from other 

primary turnouts. Diversity of tumour types and wide 

variation in adjuvant treatment schedules make it dif- 

ficult to draw conclusion from the published data, but 

liver resections have been performed for metastatic 

spread from stromal (GIST), renal, lung, thyroid, paro- 

tid haemangiopericytoma, ovarian, cervical, ampulla of 

Vater, pancreatic and melanoma primaries to name a 

few. Survival is related to the nature of the primary tu- 

mour. Reports to date suggest no survival advantage in 

resection of liver metastases from oesophageal, sto- 

mach, small intestine or pancreas. However, survival 

advantages can be shown in renal cell carcinoma for 
example (median survival 26 months for resection vs. 

6 months only for conservative treatment). Indeed, 3- 

and 5-year survival rates for resected metastatic breast 

tumours are 53.9% and 24.6%, genitourinary tumours 

50.4% and 37.8%, and leiomyosarcoma 63% and 36% 

respectively. 

Selection criteria in cases with intention to cure in- 

clude; (i) absence of extrahepatic disease at the time of 

detection, (ii) adequate functional status of the liver 

and volume of remnant liver after hepatectomy, (iii) 

ability to obtain a clear margin of tumour clearance, 

and (iv) fitness for major hepatic resection. Importan- 

tly, the decision for all these patients should be agreed 

at a multidisciplinary tumour board before surgery, in 

which the expected life expectancy of an individual, 

the general level of fitness, comorbidities and feasibili- 

ty of the surgery in such a patient need to be carried 

out. Furthermore, surgery can be considered to palliate 

symptoms of crippling pain in thyroid and ovarian 
metastases, with no significant difference in operative 

morbidity or mortality, when compared to patients 
undergoing curative resections for NCNN metastases. 

26.3. Preoperative Management 

26.3.1. Preoperative Evaluation 

Medical evaluation for liver resection is the same for 

any other major operation. Active healthy patients un- 

der 65 can generally tolerate liver resection. Patients 

over 65 and those with significant comorbidity are 
routinely sent for formal cardiopulmonary evaluation. 

Those patients with lung disease are at particular risk 

for postoperative complications, because pain associa- 

ted with the high abdominal incision, required for ac- 

cess to the liver, and the development of symptomatic 

pleural effusions, combine to limit respiratory effort. 

26.3.2. Liver Failure 

Major hepatic resection is possible only because of the 

liver's remarkable capacity to regenerate. It is general- 
ly accepted that up to 80% of a healthy liver can be re- 
sected with the expectation that complete regenera- 

tion will occur. However the presence of underlying 

hepatic parenchymal disease is an impediment to nor- 

mal regeneration. This is particularly important in the 
consideration of patients with HCC, as over the half of 
them have some degree of cirrhosis. Even in those 

without cirrhosis, preoperative chemotherapy and sub- 
sequent fibrosis can have a similar effect on regenerati- 
ve capacity. In the cases where regeneration is severe- 
ly impaired or even prevented, the patient will go into 

postoperative hepatic failure. 

26.3.3. Preoperative Evaluation of Patients 
w i t h  HCC 

Stigmata of chronic liver disease may be appreciated 

on physical examination (ascites, telangiectasia, palmar 

erythema, gynaecomastia, splenomegaly, testicular a- 

trophy, etc.), or on imaging studies. As previously di- 
scussed the Child-Pugh classification, although not per- 

fect, is a reliable means for assessing hepatic functional 

reserve in patients with cirrhosis. Resection is only 
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considered in those in Child's A. Even in these pat- 
ients, the suggestion of portal hypertension (for exam- 
ple the presence of thrombocytopaenia), can often im- 
ply that major resection carries too great an operative 
risk. Hepatic vein wedge pressure, although an invasi- 

ve investigation is more discriminatory. A test com- 

monly used to assess hepatocellular function is the 
clearance of indocyanine green dye 15 minutes post in- 
travenous administration. An ICG hepatic retention va- 
lue of 14% or less is considered a safe limit for iden- 
tifying patients likely to tolerate resection with low 
risk of postoperative liver failure. 

There are several staging schemes for HCC. The 

two most used are the Okuda and American Joint 
Commission on Cancer systems (diagx2). Of the two, 
only the Okuda provides some assessment of hepatic 
reserve. Patients are stratified for risk and outcome ba- 
sed on tumour size, presence of ascites and serum le- 
vels of albumin and total bilirubin. Patients are given a 
stage I-III, based on number of criteria, with increasing 
risk-to-benefit ratio. 

26.3.4. Preventing Liver Failure 

Selective portal vein embolisation (PVE) is a te- 
chnique designed to increase the safety of hepatic re- 

section and, furthermore, induces compensatory hy- 
pertrophy of the future liver remnant. In theory, by in- 
ducing atrophy of the liver to be resected prior to ope- 
ration, less functional parenchyma is removed, and pe- 
rioperative risk is reduced. In carefully selected pa- 
tients, the portal vein branch is cannulated through 
percutaneous and transhepatic route and embolised 
with cyanoacrylate glue mixed with lipidiol, polyvinyl 
alcohol, or particle administration. One month after 
embolisation the liver is reimaged with CT, prior to 
consideration for resection. The degree of hypertro- 
phy varies. The group most likely to benefit are those 
with underlying disease. Furthermore, some patients 
in this group develop hepatic dysfunction post 
embolisation which may predict post resection com- 

plications. To date, clear guidelines are not established. 

26.4. Standard Resections-Segmentectomies 

26.4.1. General Principles 

The objectives of hepatic resection for malignant di- 

sease are removal of all tumour-involved liver, with a 
clear margin, while leaving behind an adequate, well- 
perfused liver remnant with intact biliary drainage [7]. 
Intaoperatively, the key steps involve the following: a 

full exploration of the peritoneal cavity, pelvis, retro- 

peritoneum, and porta hepatis, for excluding extrahe- 

patic disease (usually a contradiction to resection), 

examination of the liver with bimanual palpation and 
intraoperative ultrasonography, for assessing the ex- 
tent of hepatic disease, control of the vascular supply 
to and from the portion of the liver to be resected, and 
parenchymal transection [4]. For cancers of the gallblad- 
der and proximal bile ducts, the operation also inclu- 
des removal of the extrahepatic biliary tree, subhilar 

lymphadenectomy and biliary reconstruction. In sele- 

cted cases open exploration may be preceded by diag- 

nostic laparoscopy. 
The most common types of resection performed 

include nonanatomic wedge resection, sublobar seg- 
mental resection (single or multiple), right or left he- 
patectomy (lobectomy) and extended right or left he- 
patectomy (trisegmentectomy). More extensive rese- 
ctions (hepatectomy and extended hepatectomy), may 
be combined with wedge or segmental resections of 

the contralateral liver, if clinically indicated. For less 
extensive resections (less than one lobe), anatomically 

based segment-orientated resections are superior to 
nonantomical wedge excisions. Segmental resections 
involve intra- or extra hepatic control of segmental 
blood flow and are associated with less blood loss and 
lower tumour positive margin rates. Wedge resections 
may be safely used for small, peripheral lesions but are 

inappropriate for larger, deeper tumours. 

26.4.2. Liver Resection: Operation [10] 

Once the decision has been made to resect, the liver is 
fully mobilised and vascular control obtained. For 
major resections, the inflow vasculature can be secured 
by dissection in the porta hepatis and division of the 
arterial and portal venous trunks individually. Alterna- 

tively, the entire pedicle may be identified and divi- 

ded from within the parenchyma. This technique is ba- 

sed on the work of Couinaud, Launois and Jamieson, 
which demonstrated the presence of a fibrous sheath 

that envelops the portal triad as it enters the liver. 

Pedicle ligation is rapid, minimises the risk of inju- 

ry to the other hilar structures and is particularly useful 
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in patients who have previous right upper quadrant 

surgery, which precludes further safe hilar dissection. 

It must be emphasised that pedicle ligation may not be 

performed when there is tumour near the hilus, as it 

may compromise tumour clearance. 

Division of inflow blood supply demarcates the 

portion of the liver to be excised, guiding the plane of 

transaction. A number of different approaches exist for 

transection of the liver and are described in the next 

chapter. The most common used is the clamp crushing 

technique. 

During hepatic resection, significant intraoperative 

haemorrhage typically arises from the hepatic veins, 

which inflow occlusion alone cannot prevent. One te- 

chnique that addresses this is hepatic vascular exclu- 

sion (HVE). HVE involves inflow control (Pr ingle)and 

venous outflow control by occluding the infra-and su- 

prahepatic vena cava. This allows parenchymal transa- 

ction in a bloodless field but results in significant hae- 

modynamic changes due to interruption of venous re- 

turn. As a result, maintenance of a high central venous 

pressure is required to maintain cardiac output, which 

can cause brisk haemorrhage on release of the clamps. 

A different approach reduces back bleeding from he- 

patic veins by maintaining low central venous pressure 

through anaesthetic and pharmacological means coup- 

led with outflow exclusion. This has been shown to be 

associated with shorter operative time, fewer postope- 

rative complications and shorter inpatient stay, when 

compared to HVE. 

26.4.3. Segmental Liver Resections 

The techniques of segmental liver resection have evol- 

ved from a better understanding of the intrahepatic or- 

ganisation of the liver. Segmental resections have be- 

come common and account for up to 20% of specialist 

centre workload. Segmental hepatectomy is based on 

the anatomical segments of Couinaud and has several 

advantages. Firstly, blood loss is reduced, since the va- 

scular inflow and outflow are controlled prior to pa- 

renchymal transaction. Secondly, segmentectomy pre- 

serves hepatic parenchyma better than lobar resection. 

Consequently, it is a very valuable technique in patients 

with cirrhosis, in whom the sacrifice of parenchyma 

must be minimised. Finally, and most importantly, seg- 

mental achieves better tumour clearance than wedge 

resection, resulting in better survival rates. It has been 

shown that wedge resection of CLM can result in a 

30% rate of tumour positive margins, compared to 2% 

in segmental resectons. It is thought that wedge rese- 

ctions offer a poorer oncological outcome because (a) 

the traction on the specimen during parenchymal trans- 

action often fractures the tumour-liver interface and 

(b) bleeding occurs because there is limited exposure 

and no inflow/outflow control. 
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LIVER RESECTION AND STAPLING DEVICES 
- LAPAROSCOPIC RESECTION 

A. Healy, J. Tracey, N.A. Habib, L.R. Jiao 

27.1. Introduction 

The role of liver resection for benign and malignant 
hepatobiliary diseases is expanding, because of the 
markedly reduced operative mortality in recent years, 
as the result of better patient selection, improved sur- 
gical techniques and better perioperative management. 
The major technical challenge of liver resection is con- 
trol of bleeding during transection of the parenchyma. 
Liver resection can be performed by different transe- 
ction devices with or without inflow occlusion (Pringle 
manoeuvre). Only limited data is available on the best 
transection technique. The most popular devices facili- 
tating bloodless transection include the ultrasonic des- 
sicator (e.g: Cavitron Ultarsonic Surgical Aspirator 
(CUSA), Tyco Healthcare, Mansfield, MA), water jet 
dissector [1] (e.g: Hydro-jet, Erbe, Tubingen, Germany), 
harmonic scalpel, mono and bipolar cautery devices, 
and the dissecting sealer (e.g: Tissuelink, Dover, NH0) 
[2]. Parenchymal dissection has been performed under 
routine inflow occlusion with finger fracture technique 
(digitoclasy), where liver parenchyma is crushed bet- 
ween finger and thumb, isolating vessels and bile 
ducts, which then can be ligated and divided. This par- 
ticular technique has been subsequently been impro- 
ved using surgical instruments, such as small Kelly or 
Pean clamps (clamp crushing) for blunt transection. 
These devices have gained wide acceptance for hepa- 
tectomy, although only three randomised control trials 
comparing them exist to date. Other important advan- 

ces in liver surgery, that have contributed to improved 
perioperative outcomes include intraoperative ultra- 
sound, use of vascular staplers, and the reduction of 
bleeding by the development of low central venous 
pressure anaesthesia. Laparoscopy is useful for staging 

purposes and laparoscopic resection is also gaining po- 
pularity. The development of local ablative therapies 
for liver tumours, such as radiofrequency ablation, is 
posing competition to the more established resection 

techniques. 

27.2. Techniques for Liver Parenchymal 

Transection 

The techniques and tools listed below do not require 
intermittent clamping nor ischaemic preconditioning 

[3]. 

27.2.1. Clamp Crushing 

Pringle's manoeuvre is routinely employed with this 
technique, typically for no longer than one hour at a 
time. One method includes the use of 4mm mersilene 
tape as a tourniquet around the portal triad, to achieve 

total inflow occlusion. The result is reduced operative 
blood loss but there is no impact on postoperative 
survival or complication rate. The parenchyma is cru- 
shed using small Kelly clamps (3 mm diameter tips for 
example). Small identified vessels (< 2mm) are coagu- 
lated with irrigated bipolar forceps (120W). All other 
structures, including major intrahepatic bile ducts, are 
ligated or clipped. This technique is widely used and 
objectively it may represent one of the more cost-effe- 

ctive techniques, due to its simplicity [4]. 

27.2.2. Ultrasonic Desiccator [2] 

This technique uses ultrasonic energy (typically 23,000 
Hz, 70W) with a water flush (4 ml/min) to clean the tip 
of the device as it transects the parenchyma. 
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27.2.3. Water-Jet Dissectors [2] 

This technique employs a high pressure (30-40 Bar) 

water jet fired through a nozzle (Helix Hydro-Jet) to 

'wash' soft parenchymal liver tissue from the more re- 

sistant vessels and bile ducts. These were ligated or 

clipped as described above. 

The CUSA and Hydrojet tools divide the liver by 

fracture aspiration of the liver parenchyma, but they 

cannot be used for coagulation of cutting. Moreover, 

adjustment of the vibration setting is required during 

the dissection of diseased liver parenchyma, causing 

longer transection times. However, the addition of an 

electrocautery function to an ultrasonic dessicator does 

not significantly improve the outcome of hepatectomy. 

27.2.4. Harmonic Scalpel 

This tool is composed of two handpieces; a coagulation 

shear (CS) and a ball coagulator. As the names suggest, 

in contrast to the CUSA and hydrojet dissector, the har- 

monic scalpel can be used for both coagulation and 

cutting. The coagulation temperature with the harmonic 
scalpel is less than 100 degrees and, when compared 
with electrocautery for example, this minimises tissue 

damage and allows successful resection regardless of 
the condition of the liver [4]. 

Nevertheless, the harmonic scalpel is really only of 

use in the superficial layers of the liver because, as the 

deep areas of the liver are divided, the tip of the CS 

creates a 'blind spot', increasing the risk of massive 

bleeding when the lateral wall of a large vessel is cut, 
and under these conditions it is hard to control blee- 
ding using a harmonic scalpel alone. 

27.2.5. Dissecting/Radiofrequency Sealers [2] 

This device (Tissuelink) couples radiofrequency with a 

conductive fluid to seal liver tissue to precoagulate pa- 

renchyma and isolate intrahepatic structrures. Another 

approach incorporating radiofrequency energy to tran- 

sect the liver employs monopolar cooled tip probe, 

(Radionics) for developing a plane of coagulative ne- 

crosis around the resected lesion. This promising te- 

chnique is associated with low postoperative biliary 

leak and blood loss rates. 

One randomised control trial has compared the 

above techniques, using the endpoints: blood loss du- 

ring parenchymal transection, resection time and post- 
operative hepatocyte injury, in noncirrhotic, nonchole- 
static patients. Results suggest that the clamp crushing 

technique has the highest transection velocity (3.9 cm 2 

per min) and lowest blood loss. The three other te- 

chniques showed little difference in transection veloci- 

ty. There was no difference in postoperative complica- 

tions or reperfusion injury between the four techni- 

ques. A randomised trial comparing CUSA and clamp 

crushing further supports routine use of the latter as 

CUSA resulted in a higher rate of tumour positive re- 
section margins [5]. 

27.2.6. Vascular Stapler [6-7] 

Today, staplers have become a vital instrument in a 

high number of surgical specialties. Vascular staplers 

have greatly facilitated the speed and safety of lobar 

resections, of the lung for example. Since the nineties, 

vascular staplers used to divide hepatic veins and por- 

tal branches, during hemihepatectomy, are considered 

an achievement that helps minimise blood loss and 
thereby reduces the need for hepatic inflow occlusion. 
Furthermore, vascular staplers seem to be advanta- 

geous in the deroofing of hepatic cysts, since any inad- 
vertently injured bile duct or blood vessel is sealed. 

Indeed, vascular staplers under ultrasound guidance 

have been used in selective division of major hepatic 

blood vessels, before parenchymal transection, with 

the more established CUSA or clamp crushing techni- 
ques. The success of staplers in nonselective tranparen- 
chymal application in deroofing hepatic cysts has led 
to the wider use of staplers, as a new tool in parenchy- 
mal transection [8]. Initially, they were used in only 
minor resections; left lateral segmentectomies and 
wedge resections but more recently endo-GIA vascular 

staplers have been used in major hepatectomies with 

comparable operative morbidity and mortality rates to 

conventional high volume centres, (33% and 4%, re- 

spectively). 

27.3. Laparoscopic Liver Resection 

27.3.1.  Introduction 

The first reported laparoscopic liver resection was by 

Gagner et al. in 1992. Since then, over 700 laparosco- 
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pic liver procedures have been reported. A vast majo- 
rity (70%) of procedures performed are for benign le- 
sions; cyst fenestration and deroofing is the most fre- 

quently performed. The remaining 30% are malignant 

tumour resections, though the precise role of laparo- 

scopy in resection of liver malignancies (hepatocellular 

carcinoma (HCC) and liver metastases) remains con- 

troversial. Indeed, the usual benefits of laparoscopic 

surgery (cosmetic aspect, rapid recovery, short post- 
operative stay) are challenged by the paramount onco- 

logical objective, overall disease-free survival. There 

are also concerns over possible tumour cell exfoliation 

and port site metastases. 

27 .3 .2 .  T e c h n i q u e  

Indications for surgery are identical to open surgery. 

For resection of benign lesions, indications include the 

presence of symptoms, diagnosis of adenoma or cysta- 
denoma and an uncertain diagnosis on biopsy. Surgery 

is contraindicated if there is; disease in more than three 

segments, biliary or venous reconstruction is required, 

suspicion of gallbladder carcinoma, previous abdomi- 

nal surgery, decompensated cirrhosis and cardiac or 

respiratory failure. Indications for those with HCC are 

Child class A with superficial tumours. 

For resections of segments II through V, the patient 

is placed in the supine position. For lesions in segment 

VI, the patient is placed in the left lateral decubitus 

position, to expose the lateral and posterior aspects of 

the right lobe, as described for adrenal resection. Pneu- 

moperitoneum is established with CO2 and intrabdo- 

minal pressure maintained under 15mmHg. A method 
incorporating abdominal wall lifting, without pneumo- 

peritoneum, has been used but is generally regarded as 

providing insufficient visualisation for complex hepatic 
resection. The number of required trochars varies, but 
most often totals five, (port site diag Vibert/Cherqui). 

The lesion location is explored visually in all patients 

using a 30 laparoscope, often supplemented by laparo- 

scopic ultrasound. The liver is then mobilised. In left 

sided resections, (left hepatectomy, left lateral hepate- 

ctomy or single left segmentectomies), the round, fal- 

ciform and left triangular ligaments and the lesser 

omentum are divided. In right resections, the right 

triangular ligament is divided. Assuming no contrain- 

dications, liver parenchymal dissection is then perfor- 

med. The tools to dissect the liver are adapted from 
the same range used in open liver resection. They in- 
clude; crushing forceps, hook coagulator, harmonic 

shears, staplers, ultrasonic desiccator and radiofrequen- 

cy ablation probes. Intraparenchymal vascular control 

can be obtained by monopolar cautery, intraperitoneal 

ligation, harmonic shears, endostaplers, etc. There ha- 

ve been cases incorporating Pringle's manoeuvre and 

intermittent clamping, (for example 15min on, 5 min 
off) in reported series but these are usually limited to 

the major resections. Transection line haemostasis can 

be achieved by monopolar cautery, harmonic shears, 

argon beam coagulator or other procoagulants e.g: ha- 

emostatic swabs or fibrin glue. The use of the argon 

beam coagulator is generally avoided for parenchymal 

resection as it has been associated with elevated rates 

of  gas embolism. Control of biliary leak at the liver sur- 

face is assessed by eye or, in difficult cases, intraopera- 

tive cholangiography. Extraction of the surgical speci- 

men is through extraction in an endobag through an 
enlarged trochar site, minilaparotomy (old appendice- 

ctomy scars or suprapubic incisions for example) or 

conversion to open technique in complicated cases. 

27.3.3. Results 

As with open resection, bleeding is the most common 

perioperative complication. This most commonly ari- 

ses from the liver parenchyma, but has also been de- 

scribed as a result of portal vein injury and splenic la- 

ceration. The length of postoperative hospital stay, fol- 

lowing laparoscopic resection, varies. Some series show 

no difference when compared to open, but on balance 
there are more suggesting of a quicker recovery time. 

The inpatient stay has been shown to be affected by 

the type of lesion and extent of resection. For example, 

patients undergoing resection of HCC [9] tend to have 
a longer inpatient stay than those of colorectal liver 

metastases, (10 vs 6 days). Similarly, those patients 

with greater than 2 segments resected remained in ho- 

spital longer than those with one or fewer, (8 vs 6 

days). The longer stay in those patients with HCC with 

underlying cirrhosis, is at least partly offset by an im- 

proved postoperative course, because the abdominal 

wall is preserved, the kinetics of the diaphragm are im- 

proved, collateral venous drainage is better and there 

is less postoperative ascites. 
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In ben ign  lesions, the main  object ives are the ab- 

sence  of pos topera t ive  mortal i ty,  low morb id i ty  rate, 

the absence  of  he te ro logous  b lood  transfusions and a 

satisfactory late outcome.  In resect ions of malignancies,  

the short  t e rm  survival rates c o m p a r e  favourably wi th  

the open  technique,  for bo th  overall  and disease-f ree  

survival. However ,  there  are current ly  no r a n d o m i s e d  

control  trials compar ing  the two approaches ,  nor  long 

t e rm oncological  fol low up in those series to date. 

Indeed ,  despi te  the early favourable survival data, 

resec t ion  margins  have b e e n  shown  to be < 1 cm in up 

to 30% of pat ients  r e sec ted  laparoscopical ly  and por t  

site metas tases  have been  descr ibed ,  lending further  

weight  to the n e e d  for a mul t icen t re  r a n d o m i s e d  con- 

trol trial. 
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LIVER RESECTION ASSISTED 
WITH THE RADIOFREQUENCY TECHNIQUE 
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28.1. Introduction 

Liver surgery remains the gold standard for the treat- 

ment of liver tumours. To aid with hepatic resection, 
several devices have been developed in an attempt to 

stem significant blood loss and reduce the necessity 

for vascular exclusion. Of note are the Harmonic scal- 

pel, bipolar scissors, hydrodissectors, Ligasure diather- 

my, Cavitron ultrasonic aspirator (CUSA) and Monopo- 
lar floating ball. However, most of these devices still 

require some degree of vascular inflow occlusion or 

are time consuming and none, except radiofrequency, 

can also be used to successfully ablate tumours. Fur- 
thermore, vascular occlusion- whether it is intermit- 
tent, continuous, partial or total- affects postoperative 

function of the hepatic remnant, especially in those pa- 

tients treated with neo-adjuvant chemotherapy or in 

those patients with underlying chronic liver disease. 

Of all the new techniques now being applied to liver 
surgery the most successful and versatile is radiofre- 

quency, which, until recently, was used only for in situ 

ablation of unresectable tumours. 

28.2. Background 

Radiofrequency has been extensively applied to unre- 

sectable liver tumours for in situ tumour ablation, with 

much success. Radiofrequency (RF) energy works by 

ionic agitation from an alternating current source, cau- 

sing tissue coagulative desiccation through frictional 

heating. In 2002 the principle of RF was applied to he- 
patic resection, using the cool tip single probe device. 

The single probe was applied to the liver parenchyma 

where it developed a zone of coagulative necrosis, al- 

lowing a right hepatectomy to be performed in 80 min, 

without inflow occlusion and with only 30 cc of blood 

loss. The technique while dramatically decreasing 

blood loss [1] and postoperative related morbidity was 

still relatively time consuming and used monopolar 

energy with all its inherent drawbacks. 

28.3. Monopolar Electrodes 

The first clinical use of RF technology was for the ma- 

nagement of cardiac arrhythmias and hyperactive neu- 

rological foci. All of these early applications used mo- 
nopolar electrodes to generate small focal areas of abla- 
tion. Monopolar energy devices rely on a grounding 

pad, whereby current goes from the active electrode to 

the neutral, grounded electrode on the skin surface. 

This electrical current travelling through the body may 

lead to grounding pad burns, cardiac arrhythmias and 

myoglobinuria. In order to avoid untoward injury, the 

current is lessened and operative time lengthened. 
Soon after the introduction of RF studies began using 
modifications of electrode size, treatment durations 
and tip temperatures on the area and amount of coagu- 
lative necrosis. 

28,4. Bipolar Electrodes 

To eliminate the complications associated with mono- 

polar RF, bipolar systems were developed. In these sy- 

stems, the applied RF current runs from an active ele- 

ctrode to a second grounding electrode, in place of a 

grounding pad. Heat is generated around both electro- 

des, creating elliptical lesions. The main advantage is 
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the elimination of grounding pads and the conduction 

of electrical current throughout the body, both of which 

have inherent disadvantages. 

, -  

28.5. General Considerations 

As previously mentioned, when the single tip RF de- 

sign was applied to liver resection, blood loss was re- 

duced but there was no reduction in operative time. 

The single tip requires multiple sequential entries, as 

only an area of l cm is coagulated at a time. The first 

step consists of marking the border as of the tumour 

discerned by palpation or US by scoring with electro- 

cautery or diathermy the liver surface. This is impor- 

tant since, with the application of RF, the parenchyma 

hardens and palpation and/or US visualization of the 

tumour edge becomes difficult. In the next step, a 2cm 

scored boundary, away from the first inner marking, is 

made. 

The third step is the application of the probe and 

RF, to achieve the coagulative necrosis along the trans- 

ection line. The number of probe applications step 4, is 

dependent on the depth of the deep margin of the tu- 

mour. And the final step is the division of the paren- 

chyma by a scalpel, with attention paid to leaving a 1 

cm coagulation zone edge in situ. 

For RF to be effectively used for timely hepatic pa- 

renchymal resection, the design had to be altered from 

a single probe to a multi probe one. The multi probe 

design allows for a greater area to be coagulated faster, 

leading to a reduction in operative time. There are pre- 

sently two devices on the market which fulfil these re- 

quirements. The first is the Habib ® 4X available in a 

hand held short and long model, for open surgery and 

a smaller device for laparoscopic surgery. The second 

is the newer InLine T M  (ILRFA/ILRFC) system (Resect 

Medical, Fremont, CA), which is available in a linear 

depth adjustable model that can be used in hand assi- 

sted laparoscopic or open surgery [2]. 

28.6. Design of the Habib ® 4X 

The new generation Habib ® 4X is a bipolar device, 

which eliminates complications from electrical condu- 

ction. Since there is no possibility of a conduction inju- 

Fig. 28.1. Habib ® 4X. 

ry and the current need not be lessened, there is a 

marked decrease in operative time. Two versions are 

currently available, the hand held sealer available for 

open surgery and a smaller laparoscopic device. Both 

the open and laparoscopic sealer consists of an array of 

four electrodes in a square arrangement (fig. 28.1). 

There is a long version with corresponding long ele- 

ctrodes (120 mm) to access deeper tissue planes and a 

short version with short electrodes (60 ram) for more 

superficial tissue coagulation. The electrodes are made 

of stainless steel, covered with a non-stick coating 

(Tomlinson Tube & Instrument Ltd., Warwickshire, 

UK), with a polished titanium nitride non-stick coating 

(Tecvac Ltd., Cambridgeshire, UK; Integrated Surgical 

Sciences Corporation, Colorado, USA), to facilitate in- 
sertion and removal from the hepatic tissue. The long 

electrodes are sufficient to reach distal regions of the 

parenchyma; however the active portion is restricted 

to the distal 40 mm of the probe in order to allow 

rapid heating. The entire length is not heated as the 

energy required would be too great and would com- 

promise the time to coagulate the tissue. The proximal 

portion of the probe is insulated with a PTFE coating. 

The short probe device is designed to coagulate super- 

ficial vessels and ducts and for more superficial tu- 

mourectomies. In both devices the four needles are ar- 

ranged in a 2 x 2 array with the two pairs of needles 

connected together and each pair is connected to a 

single terminal of a bipolar RF generator (Generator 

1500X, RITA Medical Systems Inc., California, USA) 

(fig. 28.2). 
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moval of the probe, the coagulated parenchyma must 
be supported by the surgeon's fingers from both sides, 
in order to avoid fracturing the parenchyma leading to 

unnecessary blood loss and damage. The probe is 

introduced again adjacent to the last coagulated area, 
in a serial fashion, until the area to be transected is 

ablated. Next, a scalpel is applied perpendicularly to 
divide the parenchyma near to the coagulated edge 

next to the tumour, leaving < 10 mm of the coagulated 

edge (fig. 28.3a and 28.3b). Care must be taken to 
avoid application of the device near the hepatic veins 

and liver hilum with their associated structures. For 

deep tumours, the Habib ® 4X is first applied to the li- 

Fig. 28.2. Habib ® 4X. 

2 8 . 7 .  A p p l i c a t i o n  

The probe is placed perpendicularly to the transection 

surface and the power applied [3]. The power can be 

set to variable settings but is recommended at 100W 
-the lower the power the longer the coagulation time- 

during application the impedance is monitored, the 

ablation is completed, when the impedance is increa- 
sed to 5 OHMS above the quiescent value. During acti- 
vation the impedance shows three phases: first, a de- 
crease due to improved electrical conductivity as the 

tissue becomes heated; second, a plateau phase and 

third, a slow then rapid increase, due to dehydration 

and carbonization of the tissues. Once the tumour is 
localized, by manual palpation and intraoperative liver 
ultrasound, the resection line is scored on the liver sur- 
face 1 cm from the tumour's edge with argon diather- 

my. The marking of the transection line is very impor- 
tant, as RF application renders the tumour edge unin- 
terruptible by intraoperative ultrasound or palpation. 
Then, the sealer is then introduced perpendicularly 

into the liver, abutting the transection line. This allows 

a small, less than 10mm, margin of coagulated liver 

parenchyma to remain behind ensuring sealed vessels 

and bile ducts. Less than l cm of tissue is left behind, 

just enough to ensure vascular and biliary duct sealing, 

yet not so much as to increase the rate of postoperative 

collections and/or abscess formation. During the re- 

Fig. 28.3. a. Result of in-line ablation with Habib ® 4X in a porcine li- 
ver. 

Fig. 28.3. b. Result of multiple in-line application to induce necrosis 
with Habib ® 4X in a porcine liver. 
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ver surface, the surface is cut with a scalpel to a depth 

of 3-4 cm and the probe can then be subsequently 

reapplied to the deeper tissue. 

28 .8 .  Results  

Outcome data for hepatic resections without vascular 

clamping has recently been reported. In brief, disse- 

ction of the hepatic pedicle is not performed, except in 

those cases where the tumour is located close to the 

hilum and where separation of the tumour from the hi- 

lar structures is necessary. In such cases, ligations of 

the arterial and portal vessels are completed prior to 

application of the probe. Likewise, dissection of the 

hepatic veins need not to be routinely performed, un- 

less the tumour is located close to these major vessels, 

in which case dissection and ligation of the vessels is 

conducted first. Thus far, 156 patients have been trea- 

ted with the device. Of these, 106 underwent a tumou- 

rectomy (fig. 28.4) and 30 underwent a major hepate- 

Step 1 

Step 2 

m .i j 

Step 4 

 Steo  
> 

../j / 

Fig. 28.4. The five steps to achieve liver resection using radiofre- 
quency energy probe. 

ctomy. In this experience, the rate of major hepatecto- 

mies dropped from 64% (before RF) to 20% with RF, 

allowing the completion of more minor hepatectomies 

vs. major hepatectomies. Actual resection time was 75 

+/- 51 minutes in minor resections and 110 =/- 86 mi- 

nutes in major resections. Intraoperative blood loss 

was 139 +/- 222ml. Only 5% of patients received a 

blood transfusion intraoperatively, no patient required 

fresh frozen plasma or a blood transfusion postopera- 

tively. The mortality rate was 3.2% and mean hospital 

stay 12 +/- 12 days. Only 5 patients were admitted to 

the intensive care unit postoperatively, of these three 

were planned due to known cardiac and respiratory 

comorbidities. Four patients developed a bile leak; all 

were treated with percutaneous drainage. 

Hepatic recurrence occurred in 36 patients with a 

mean time of 10 months. Recurrence was distant from 

the resection margin in all but 2 of the 36 patients. On 

re-examination, the resection margin was histological- 

ly negative in these 2 patients, so these were thought 

to be new tumours and not resection zone recurrences. 

The elimination of inflow occlusion avoids ischemic 

reperfusion hepatocyte injury, well known to predi- 

spose to postoperative liver failure. The elimination of 

pedicle dissection is a further benefit of this technique, 

decreasing operative time and allowing the relative ea- 

se of re-operation. Re-resection of recurrent hepatic 

tumour increases the likelihood of survival, since ex- 

tensive mobilization and pedicle dissection is avoided 

with this technique and the adhesions encountered at 
re-exploration tend to be limited to the area of pre- 

vious resection. 

28 .9 .  The InLine TM ( ILRFA/ ILRFC)  

This system has been more recently developed and 

there is scant data on human resections. The system 

has a single row of six variable depth RFA electrodes, 

spaced approximately 1 cm apart which can be deploy- 

ed simultaneously into the parenchyma to rapidly coa- 

gulate a resection plane (fig. 28.5). The insertion is gui- 

ded by ultrasound or palpation. Ablation sizes are 1 cm 

wide x 5 cm long x 1-6 cm deep. In a controlled ani- 

mal study, the bleeding was significantly reduced and 

coagulation occurred in 3 min, making it a very effecti- 

ve and fast instrument. Incremental movement of the 
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4X and the InLine T M  (ILRFA/ILRFC) [4] are available 

in laparoscopic or laparoscopic assisted models [7]. 

28 .11 .  T rans -metas tas is  H e p a t e c t o m y  Using 

RF 

Fig. 28.5. InLine TM ILRFA instrument. 

device allows coagulation along the entire 1 cm plane 

of transection. With this method large vascular structu- 

res may be visualized or detected by US and ligated or 

clipped at one's discretion. There is no need for inflow 

occlusion. At the time of writing, there was no data on 

recurrence at the transection line, nor postoperative 

complications and hospital stay. 

28 .10 .  Laparoscopic  Hepat ic  Resect ion 

wi th  RF 

Laparoscopic hepatic surgery has not yet been widely 

accepted, mainly due to the difficulties encountered 

with control of possible intraoperative bleeding. It has 

also been mainly employed for non-malignant tumours, 

wedge resections and for left lateral segmentectomies. 

Recently, there is data suggesting laparoscopic rese- 

ction is safe for patients with small malignant tumours 

as well, although patients with hepatocellular carcino- 

ma or cirrhosis might suffer more complications. Lapa- 

roscopic liver resection has been suggested to be feasi- 

ble in cirrhotic patients who, otherwise, might not to- 

lerate hepatectomy. Combining RF coagulation at the 

line of transection has been shown to minimize blood 

loss, operative time and obviate the need for inflow 

occlusion all of which may mean that RF assisted rese- 

ction may play more than one role in patients with 

underlying liver disease. In addition, the zone of coa- 

gulation can be controlled and helps minimize unne- 

cessary damage to liver parenchyma. Both the Habib ® 

This is another novel approach, which has to be eva- 

luated with time. Long term data are still pending. The 

idea is that multiple metastases will be ablated in the 

remnant liver and that a formal hepatectomy along a 

clear resection line would result in too small of a rem- 

nant liver, especially in light of the numerous ablations 

(fig. 28.6). Therefore, the tumour falling along the re- 

section line will be ablated and then transected leaving 

some of the ablated tumour on the resection line. 

According to the authors, 13 patients with colorectal 

metastasis were treated in this manner with a mortality 

of 7.6% and a grade 3-4 morbidity of 30%. After a mean 

follow up of 19.4 months there was no recurrence 

along the transection line. Since 77% of recurrences 

occur within 6 months and 96% within a year, this no- 

vel technique adds another tool in the armamentarium 

in the aggressive treatment of otherwise unresectable 

liver metastases. Although combining partial resection 

with multiple RFA increases the number of patients 

that can be treated surgically, caution must be employ- 

ed as calculation of the remaining parenchyma after 

combining multiple ablations and resection is not easi- 

ly achieved [5, 6, 7, 8, 9]. Further studies will be neces- 

sary before this technique can be widely adopted. 
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Fig. 28.6. Trans-Metastasis Hepatectomy. 



372 Chapter 28: Liver Resection Assisted with the Radiofrequency Technique 

28.12. COnCluSion 

In summary,  RF assisted surgery allows more  rapid 

nonanatomical  liver resections to be pe r fo rmed  with- 

out pedicle clamping which helps to preserve  liver pa- 

renchyma and reduces the l ikelihood of hepatic failu- 

re. In addition, it minimizes blood loss, reduces opera- 

tive t ime and allows easier repeat  liver surgery to be 

performed.  The use of bipolar devices has the added  

benefit  of eliminating conduct ion dysrhythmias asso- 

ciated with monopolar  devices. Moreover,  most  pa- 

tients can avoid an ICU stay, which results in a substan- 

tial cost savings. Unlike the Habib ® 4X, which gives a 

wider  area of coagulative necrosis, the InLine TM is a 

single line of probes  with a more  narrow area of coa- 

gulation. It will be interesting to see if this has an im- 

pact on postoperat ive bile leaks and bleeding. Of note 

a word  of caution, major hepatic surgery should con- 

t inue  to be pe r fo rmed  by exper ienced  hepatobil iary 

surgeons in specialized centres. 
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CHAPTER 29 

LIVER RESECTION FOR CHOLANGIOCARClNOMA 

G.C. Sotiropoulos, H. Lang, Ch. E. Broelsch 

29.1. Resection of Hilar Bifurcation and Biliary 
Reconstructions (Fig. 29 .1-29 .6)  

In case of tumor infiltration the hilar bifurcation is re- 

moved en-bloc with the liver and the biliary tree is re- 

constructed by means of a hepatico-jejunostomy. For 

operative technical reasons, a resection of the hilar bi- 

furcation may be necessary, even without tumor infil- 

tration, i.e. in liver tumors of the right lobe, close to 

the left umbilical sulcus, with corresponding involve- 

ment of the blood circulation of the left hepatic duct. 

In these cases a resection of the hilar bifurcation is 

inevitable to avoid ischemia of the hilar bifurcation. In 

extended hepatectomies even the resection of biliary 

trees of the second order could be necessary [1-5]. 

The required hepatico-jejunostomy is to be perfor- 

med with a direct and accurate suture between bile 

duct and jejunal wall under respective inclusion of the 

edge of mucous membrane.  The anastomosis is perfor- 

med end-to-side with a 40-60 cm switched off jejunal- 

loop, which is conducted far on the right of the retro- 

colic area. In difficult anastomoses (for example re-ope- 

ration in the presence of a bile leakage) endoluminal 

transcutaneous conducted drains could be placed, re- 

maining for approximately 3-6 weeks. The drains can 

be applied for continuous blind drainage or entrained 

transhepatically. Thus, in swelling of mucous membra-  

ne, it is prevented from occluding the anastomosis. 

Also a small anastomotic insufficiency can heal com- 

pletely with lying intraluminal drainage. However, even 

with longer staying of endoluminary drainage, a prote- 

ction against potential contraction of the anastomosis 

with subsequent stenosis can hardly be achieved. Only 

in case of severe technical difficulties of the anastomo- 

sis the drainage will be left for a longer period of time. 

• 5 ~ o 

.. / ,  ..... \~  ° 

~ "~ - "~ -  " " '  - 2  _ 

~ .  _ 

~' ~- : . ~  . 

Fig. 29.1. a. Liver remnant after extended right hepatectomy. 

Fig. 29.1. b. Portal vein, caval vein and transected bile duct at the 
left umbilical fissure. 
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Fig. 29.1. c. Specimen after extended right hepatectomy (right tri- 
sectionectomy)-Seg. I, IV-VIII including hilar bifurcation in Klatskin 
tumors. 

Fig. 29.4. Situs after extended right hepatectomy and resection of 
hilar bifurcation with transection of left hepatic duct at the umbi- 
lical fissure. 

Fig. 29.2. Situs after extended right hepatectomy and resection of 
hilar bifurcation. 

Fig. 29.5. a. CT-scan of large intrahepatic cholangiocarcinoma. 

Fig. 29.3. Situs after reconstruction with a Roux-Y loop. Fig. 29.5. b. Resection specimen after extended right hepatectomy. 
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Fig. 29.5. c. Liver remnant 

29.2. Vascular Reconstructions 
(Fig. 29.7-29.9)  

After partial resection of the portal vein, usually of the 
portal vein bifurcation, a direct reconstruction is ordi- 
narily possible without additional interposition, for 
example between the main trunk of the portal vein and 
the right or left-sided portal branch. If a vascular repla- 
cement is necessary, an allogenic vein interposition is 
preferred. 

More rarely than portal vein resection, resection of 
the hepatic artery is required. In these cases a direct 
anastomosis is generally not possible. An autologous 

Fig. 29.6. a. Intrahepatic cholangiocellular carcinoma with dilatation 
of bilateral intrahepatic ducts. 

Fig. 29.7. Dissection of portal vein and intra-glissonic approach to 
portal pedicles. 

Fig. 29.6. b. Situs after extended left hepatectomy and resection of 
hilar bifurcation and reconstruction by hepatico-jejunostomy with a 
Roux-Y loop. Fig. 29.8. Situs in liver hilum after portal vein reconstruction. 
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Fig. 29.9. Situs after right hepatectomy with partial resection of the 
caval vein and reconstruction by allogenic venous patch. 

Fig. 29.10. Preparation of the suprahepatic caval vein prior to total 
vascular occlusion. 

vein interposition (for example great saphenous vein) 
is suitable as an interposition graft. 

A reconstruction of the caval vein is possible with 
both autologous venous material (for example several 
times doubled saphenous vein or in addition, liver 

veins from the removed specimen) and the allogenic 
vein (vessel-bank). With smaller defects a direct vein 

suture can also be applied, taking into account that in 
so doing, it could result in a smaller lumen. 

For the caval vein replacement gore-rex prostheses 
are suitable. With regard to the antithrombosis pro- 
phylaxis, anti-coagulation is recommended for at least 
6 months (if necessary also with placement of an arte- 
rio-venous-fistula at the thigh). 

Fig. 29.11. Preparation of inferior hepatic vein. 

29.3. Vascular Occlusion (Fig. 29.10-29.11)  

The restriction of the blood loss during the liver rese- 

ction is of crucial importance. The Pringle manoeuvre, 

which involves clamping of the entire liver hilum by 
means of a tourniquet, is common practice. Generally, 

up to 45-60 min is tolerated without serious conse- 
quences to the liver function. If necessary, it can also 
be used intermittently, in order to extend the total oc- 

clusion time. 
The ischemic tolerance of the liver can usually be 

increased by ischemic pre-conditioning prior to hilar 
occlusion (arterial and portal-venous occlusion for 10 

minutes, followed by reperfusion). 

In total vascular occlusion of the liver (TVO), the 
sub- and suprahepatic caval vein will be clamped in 
addition to the Pringle manoeuvre. Thereby venous 

bleeding is avoided during parenchymal transection (if 
the liver is perfectly free). Compaired to the Pringle 
manoeuvre, the ischemic damage for the liver is clear- 

ly larger with TVO (no retrograde liver-venous perfu- 
sion). Furthermore, total vascular occlusion may lead 
to severe hemodynamic changes (confine arrangement 

with the anaesthesia necessary). 
With extended right or left resections including the 

caudal lobe, a total vascular occlusion is also possible 
by hilar occlusion and clamping of the only remaining 
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liver vein. Thus, the blood flow in the caval vein is not 

impaired and the hemodynamic changes are compara- 

ble to those of a Pringle manoeuvre. 

29.4 .  N o n - c o n v e n t i o n a l  Liver Resect ions 

(In S i tu -Ante  Situm and Ex-Situ) 

In extremely difficult resections, i.e. in extended re- 

construction of the liver vein confluence (if necessary 

in combination with a portal reconstruction), it can be 

favourable to perform a total vascular occlusion of the 

liver exceeding one hour. In order to extend the ische- 

mic tolerance a hypothermic perfusion of the liver is 

necessary, based on the experiences from the liver 

transplantation. Besides, a portal-femoro-axilliary veno- 

venous bypass must be implemented with these forms 

of liver resection to ensure venous blood return and to 

achieve hemodynamic stabilization. 

Three different proceedings are possible: 

• I n - s i t u  r e s e c t i o n  

The in-situ resection requires a total vascular occlusion 

and hypothermic perfusion of the liver follows in regu- 

lar intervals (about every 10-15 minutes) via the portal 

vein (if necessary, also via the hepatic artery or via a 

catheter placed into the gastroduodenal artery) with 

cold preservation solution (HTK). The resection takes 

place at the blood-empty and cooled liver. 

• A n t e - s i t u m  r e s e c t i o n  

The ante-situm resection corresponds in principle the 

in-situ-resection; however, the suprahepatic caval vein 

is additionally cut just under the diaphragm. Thereby 

the liver can be resected folded forward, which facili- 

tates the technical approach to the liver vein confluen- 

ce. In the case of an additional disconnection of the in- 

frahepatic caval vein the liver can be rotated laterally. 

• E x - s i t u  r e s e c t i o n  

In ex-situ-resection, the liver is taken completely out 

of the body, followed by hypothermic perfusion. The 

liver resection takes place on the cooled liver outside 

of the body on a providing table (bench procedure). 

After resection, the liver is auto-transplanted with the 

appropriate vascular and bile duct anastomosis. 

Due to the inevitable and necessary arterial recon- 

struction and bile duct anastomosis, the ex-situ rese- 

ction is accompanied by a very much higher morbidity 

compared with the two other procedures. Since even 
the most complex reconstructions of the liver vein con- 

fluence or the caval vein as well as the portal vein can 

usually be performed in situ, in our own procedure, the 

in-situ technique is preferred nearly without exception, 

and more rarely the ante-situm technique [6-7]. In our 

opinion, the need or indication for a ex-situ resection 

arises rarely. 

29.5 .  L y m p h a d e n e c t o m y  by Liver Resect ion 

(f ig. 2 9 . 1 2 - 2 9 . 1 3 )  

The value of lymph nodes dissection in the context of 

a liver resection has not, yet, definitely been clarified 

for either primary or secondary liver tumors [1, 8-12]. 

A systematic lymphadenectomy along the hepatic li- 

gament appears particularly meaningful for primary li- 

ver tumors for oncological reasons, although it proba- 

bly has a different meaning for hepatocellular carcino- 

ma and intrahepatic cholangiocarcinoma. While in re- 

sectable hepatocellular carcinoma, the regional lymph 

nodes are only extremely rarely invaded, tumor infil- 

tration of the regional lymph nodes must be accounted 

in some of the instances in the case of intrahepatic 

cholangiocarcinoma. Apart from an at least theoretical 

Fig. 29.12. Operative situs after left hepatectomy with lymphade- 
nectomy in the hepatic hilum and along the common hepatic artery. 
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Fig. 29.13. Left hepatectomy in hilar cholangiocarcinoma with com- 
plete lymphadenectomy in the hepatic hilum. There are two bile 
ducts to the right (white probes). 

chance of complete tumor removal (with a probable 

improved prognosis) the systematic lymph node disse- 

ction permits a better tumor staging. 

The prognostic meaning of hilary lymph node inva- 

sion and the meaning of the corresponding lymphade- 

nectomy in the context of secondary liver tumors are 

differently discussed. In our own procedure, a local 

lymph nodes resection is usually performed, because 
of the possible improved oncological radicality. 

29 .6 .  I n t r a o p e r a t i v e  M a n a g e m e n t  Dur ing  Liver  

Resec t ion  

The main danger of liver resection is the venous he- 

morrhage during the parenchyma dissection. In order 

to reduce venous blood loss, the central venous pres- 

sure should lie as low as possible (not over 5 mmHg). 

Depending on the liver function, on the extent of the 

parenchyma removed as well as the blood loss, distur- 

bances of the coagulation and the fibrinolysis must also 

be considered in the context of extended liver rese- 

ctions. This requires close intraoperative control of the 

coagulation status as well as an early substitution of 

coagulating factors. In these cases, the protease-inhibi- 

tor Aprotinin (100,000 IE/h) can lead to a clear impro- 

vement of the coagulating procedure, in particular if 

supported by a parallel analysis of the hyperfibrinolysis 

by means of a thrombelastogramm. 

29 .7 .  R e p e a t e d  H e p a t e c t o m y  f o r  R e c c u r e n t  

M a l i g n a n t  T u m o r  

From the technical point of view, repeated liver rese- 

ctions differ in various aspects from the primary liver 

operation. The mobilisation of the liver from the retro- 

peritoneal cavity can already be very difficult, particu- 

larly after extended previous operations. In the event 

that the hepatic round ligament and the falciform liga- 

ment were refixed to the diaphragm and the ventral 

abdominal wall at the primary resection, severe blee- 

dings can occur as a result of opening diaphragmatic 

fascia, parenchymal lesions or defects of the liver 

capsule. After right and left resections, the diaphragm 

and the right colon's flexure or the stomach and the 

transverse colon respectively, can be best bound to the 

former liver resection surface. 

Frequently liver tissue can possess acertain brittle- 

ness due to the prior operation or as a consequence of 

chemotherapy, resulting in an increased bleeding incli- 

nation during the parenchymal transection. Recently, 

hepatic surgeons in Europe and the United States have 

reported an increased incidence of vascular changes 

and steatohepatitis in livers of patients treated with 

chemotherapy [13-15]. Most of the reports involve 

oxaliplatin; however, this may simply reflect the wide 

use of this agent in this setting. Steatohepatitis also seems 

to occur in patients treated with irinotecan [13]. The 

changes seen with chemotherapy can have a profound 

effect on the safe performance of standard liver rese- 

ction. Thereby the ischemic tolerance of the liver tis- 

sue can decrease, urging special caution during the re- 

sections phase with the hilar occlusion. Using a very 

gentle preparation technique and a performing paren- 

chymal transection -if necessary, by means of ultraso- 

nic or water jet dissector- blood consumptio n can be 

kept mostly very small even without hilar occlusion. 

The risk for bile leakage is not substantially increa- 

sed in the second operation, if this can be accompli- 

shed as an anatomical resection. On the other hand, 

the insertion of T-drainage can be considered during 
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atypical resections or impaired blood circulation of the 

resection boundaries, in order to reach a discharge of 
the biliary tree and prevent possible leakages. 
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PORTAL VEIN EMBOLISATION 
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30.1. Introduction 

Despite improvements in the management of liver tu- 

mours, both primary and metastatic, these tumours are 
still considered one of the most common malignancies 

\ 
worldwide with a high mortality rate and disappoin- 

ting long-term survival rates. Hepatic resection has be- 

come the standard modality of treatment for patients 

with liver tumours, and currently remains the only po- 

tentially curative therapy. Many factors can affect hepa- 

tectomy, such as tumour size, location, multifocality, 

patients' status, and hepatic function. But in order to 

attain a tumour free margin extensive hepatectomy is 
often necessary, which has led to an increased survival 
and improved outcome after hepatic resection for liver 
tumours: colorectal metastases [1-2], hilar cholangio- 

carcinoma [3-4] and hepatocellular carcinoma [5-7]. 

However, it involves considerable reduction of the he- 

patic mass that may lead to hepatic insufficiency, mani- 

fested by cholestasis, impaired synthetic function, blee- 

ding and fluid retention which in turn contributes to 

prolonged recovery times and extended hospital stays 

[8, 9], and the insufficient remnant volume is conside- 
red the principal cause of postoperative death after 
major hepatectomy. 

In a study conducted by Shirabe on 80 patients who 
underwent major hepatic resection for hepatocellular 
carcinoma, it was found that all major hepatectomy pa- 
tients who died of liver failure had undergone a right 

lobectomy of the liver. The most important risk factor 

for liver failure following right lobectomy was remnant 

liver volume. In the patients who underwent right lo- 

bectomy of the liver and thereafter died of liver failu- 

re, remnant liver volume was never more than 250 

mL/m 2. In the central bisegmentectomy and left lobe- 

ctomy group, no patients died of postoperative liver 

failure and remnant liver volume was over 250 mL/m 2 

in all patients [9]. Patients with a background of cirrho- 

tic or diseased liver in addition to liver tumours who 

undergo resection of more than 60% of the liver's fun- 

ctional mass and patients with an otherwise normal li- 

ver who have more than 75%-80% of the functional li- 

ver mass resected are considered at higher risk for 

postoperative liver complications [9-13]. In order to 

decrease the complications and improve the safety of 

extensive liver surgery in patients with insufficient 

anticipated liver remnants preoperative percutaneous 

transhepatic one-sided portal vein (PV) embolisation 

(PVE) has been used in patients with or without chro- 

nic liver disease who have primary and secondary liver 
tumours [13-22]. In fact, preoperative PVE is now con- 
sidered the standard of care before major hepatectomy 

for this subset of patients. PVE redirects portal flow to 

the intended future liver remnant (FLR) to initiate hy- 

pertrophy of the nonembolised segments before surge- 

ry, with an even more rapid functional gain. 

In appropriately selected patients, PVE can reduce 

postoperative morbidity and enable safe, potentially 

curative hepatectomy for patients not previously consi- 

dered candidates for resection based on anticipated mar- 
ginal FLRs, and with minor and transient complications 

[13-22, 91]. 

30.2. Background 

Experiments on the use of PVE date back to 1920 when 

Rous and Larimore [23] found that ligation of PV bran- 

ches in a rabbit model leads to progressive atrophy of 

hepatic segments with occluded PVs and hypertrophy 

of hepatic segments with patent PVs. After that studies 

found that bile duct or PV occlusion by tumour or liga- 

tion leads to atrophy of the supplied liver and hyper- 

trophy of the unoccluded portion [25]. In 1975, Honjo 
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et al [24] tried portal vein ligation in liver cancer pa- 

tients not fit for hepatic resection, which resulted in 

atrophy of the ligated lobe of portal vein and its tu- 
mour and hyperplasia of non ligated lobe. Things re- 

mained experimental and unclear until 1986 when Ki- 

noshita et al [27] first reported the use of PVE to limit 

extension of portal tumour thrombi, and he observed 

hypertrophy of the unembolised liver, demonstrating 
by this the efficacy of PV occlusion before resection of 

hepatocellular carcinoma. Transarterial embolisation, 
at that time, was the only method used, and it was 

ineffective. That led Makuuchi et al in 1990 [18], to re- 
port the first use of preoperative PVE performed to in- 
duce left liver hypertrophy before major hepatic rese- 

ction in patients with hilar cholangiocarcinoma. These 

findings have led to the exploration of preoperative 

PVE prior to extensive liver hepatic resection for HCC, 
cholangiocarcinoma, and liver metastases. And since 

then it has been used successfully to increase candida- 

tes for liver resection and decrease postoperative com- 
plications related to liver remnant insufficiency. 

In this chapter we will discuss the mechanism of li- 
ver regeneration, some anatomical considerations, in- 

dications, contraindications, rationale, techniques, out- 
come and complications of PVE with a prospective view 

to the future of PVE. 

30.3. Liver Regeneration 

Although PVE has been used in clinical practice for 
more than 10 years, its underlying mechanism of atro- 
phy-hypertrophy complex is poorly understood. PVE 
causes a rapid change in hepatic haemodynamics and a 
significant increase in portal pressure, similar to that 
observed after major hepatic resection [28]. Cessation 

of portal flow, which is presumed to have a hepatotro- 

phic effect [29], induces apoptosis with occasional mi- 

nimal necrosis in the embolised lobe [30]. Hepatocyte 

deletion is thought to lead to atrophy of the embolised 

liver, which in turn is followed by cellular hyperplasia 

and hypertrophy of the other side, as hepatocytes en- 

ter a highly active phase of proliferation after PVE. 

This ability of the liver to regenerate after PVE is the 
basis for preparation for major hepatectomy in a pa- 
tient with an anticipated small liver remnant. Despite 

its considerable metabolic load, the liver is essentially 

a quiescent organ in terms of hepatocyte replication, 
with only 0.0012%-0.01% of hepatocytes undergoing 

mitosis at any time [31-33]. However, this low cell tur- 
nover in the healthy liver can be altered by toxic injury 

or surgical resection, or PVE which stimulates sudden, 

massive hepatocyte proliferation resulting in recovery 

of the functional liver mass within 2 weeks after the 
loss of as much as two thirds of the liver. The regene- 

rative response is typically mediated by the prolifera- 
tion of surviving hepatocytes within the acinar archite- 

cture of the remnant liver. 
The molecular and cellular events during liver rege- 

neration result from growth-factor stimulation in res- 

ponse to injury. In the regenerating liver, hepatocyte 

growth factor, transforming growth factor-a (TGF-a), 

and epidermal growth factor are important stimuli for 

hepatocyte replication. Hepatocyte growth factor is the 
most potent mitogen for hepatocyte replication, and in 
combination with the other mitogenic growth factors 

(ie, transforming growth factor-a (TGF-a) and epider- 
mal growth factor), can induce the production of cyto- 
kines, including tumour necrosis factor TNF and inter- 
leukin-6, and activate immediate response genes that 
ready the hepatocytes for cell-cycle progression and 

regeneration [91]. Co-mitogenic factors have also been 
identified, like insulin which explains the slower rege- 

neration rates seen in patients with diabetes compared 

with those without diabetes [34]. Other comitogenic 

factors include noradrenaline [36], triiodothyronine 

and retinoic acid, although the precise role of some of 
these has not been clearly defined [32]. Their synergi- 
stic action lead to gene induction and DNA synthesis 
with subsequent expansion of the hepatocytes clones 
[37]. Importantly, extrahepatic factors are transported 
primarily from the gut via the PV and not by the hepa- 

tic artery [17, 38-40]. 
The negative regulators are even less well under- 

stood. TGF-Beta is one of several candidates for signals 

that lead to the arrest of cellular expansion when ap- 

propriate liver mass for the patient is regained [41, 42]. 

Anatomically the process begins near portal triads and 

spreads to the pericentral areas [30]. The degree of he- 
patocyte proliferation is directly proportional to the 

degree of stimulus, i.e., a minor liver stimulus will re- 

sult in only a localised mitotic reaction, but any injury 
greater than 10% will result in proliferation of cells 

throughout the liver [91, 43]. When more than 50% of 
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the liver is resected, a second, less distinct wave of he- 

patocyte mitoses is observed. Compared with replica- 

tion after resection, the peak replication after PVE is 

delayed approximately 3 - 4 days, suggesting that the 
hypertrophy stimulus generated by hepatocyte remo- 
val is stronger than the stimulus produced by apoptosis 

seen after PVE [91, 44]. The distinction between heal- 
thy and injured livers is important as chronically dama- 
ged livers are less able to regenerate [28, 45]. This may 
be the result of the diminished capacity of hepatocytes 

to respond to hepatotropic factors or because paren- 

chymal damage such as fibrosis leads to slower portal 

blood flow rates [91, 46]. Non-cirrhotic livers in hu- 
mans regenerate fastest, at rates of 12 - 21 cm3/d at 2 

weeks, 11 cm3/d at 4 weeks, and 6 cm3/d at 32 days 

after PVE [91, 35, 47]. The rates of regeneration are 
slower (9 cm3/d at 2 weeks) in patients with cirrhosis, 
with comparable rates found in patients with diabetes 
[91, 35, 48]. As hypertrophy is also associated with a 
functional gain in the non-embolised lobe [49, 50], ra- 

diological, biochemical and haemodynamic parameters 

have been studied to predict the extent of regenera- 

tion. In 1998, Goto et al. [46], reported that the hyper- 

trophy rate after embolisation is predictable from the 

increase in the portal blood flow velocity, as measured 

by Doppler ultrasound the day after the procedure. In 
a recent report from Wakabayashi et al., [28], multiple 
regression analysis revealed that the prothrombin time 
and FRLV/TLV ratio in normal liver were independent 
parameters predicting hypertrophy after PVE. In series 
of 84 PVEs, multivariate analysis indicated that diabe- 
tes mellitus, a high bilirubin level and male gender we- 

re important cofactors associated with a reduced hy- 
pertrophy [51]. 

30.4. Clinical Rationale for PVE Before Major 
Liver Resection 

The rationale for the use of PVE is to (i) minimise the 
abrupt increase in portal pressure at resection that can 

lead to hepatocellular damage to the FLR; (ii) dissocia- 

te portal pressure-induced hepatocellular damage from 

direct trauma to the FLR during physical manipulation 

of the liver at the time of surgery (together these forms 

of damage might result in hepatic congestion and post 
resection dysfunction); and (iii) improve overall tole- 

rance to major resection by increasing hepatic mass 

before resection to reduce the risk of post resection 

metabolic changes [91]. Minor and transient changes in 

liver function test results are seen after PVE. When 
aminotransferase levels do increase, they generally 

peak at levels less than three times baseline levels 1 - 3 

days after PVE and return to baseline levels within 7 - 
10 days regardless of the embolic agent used [18, 19, 
35, 48, 52-54]. Slight changes in white blood cell count 
and total serum bilirubin level may be seen. Synthetic 

functions are almost never affected by PVE [91]. Portal 

blood flow to the nonembolised hepatic segments mea- 

sured by Doppler ultrasound (US) increases significan- 

tly and then decreases towards, but does not reach, the 
baseline value after 11 days. The resultant hypertrophy 

rate correlates with the portal flow rate [17, 46]. Signs 
and symptoms of postembolisation syndrome are in- 
frequent and include nausea, vomiting, fever and pain. 
This is because PVE is less toxic than arterial emboli- 

sation [17] and causes less inflammation and necrosis 

to the liver parenchyma [ 18, 55]. 

30.5. Measurement of FLR Volume 
and Predicting Function after  PVE 

Remnant liver volume after hepatic resection directly 
correlates with surgical outcome. Thus accurate measu- 
rement of liver volume is crucial and is commonly per- 
formed by computed tomography (CT) with volume- 
try. Volumetric assessment is necessary prior to and 
after PVE, and CT estimations of the liver volume cor- 

relate well with real intraoperative volumes, despite 
potential sources of error (partial volume effect, respi- 
ratory phase) [15, 51, 52]. The role of CT has extended 
beyond its use for liver imaging to include three-di- 
mensional volumetric measurement before liver trans- 
plantation or major hepatic resection [9, 11, 57, 58]. 
This has been possible because of a close correlation 
between the volume obtained by three- dimensional 

reconstruction of computed tomographic images and 

actual liver volume [59]. Three dimensional CT volu- 

metric measurements are acquired by outlining the he- 

patic segmental contours and calculating the volumes 

from the surface measurements from each slice (fig. 

30.1). 
In order to identify the vascular landmarks of the li- 
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Fig. 30.1. Hypertrophy of the FLR after PVE as determined by three-dimensional reconstruction of CT images. (a) Three dimensional 
volumetric measurements are determined by outlining the hepatic segmental contours and then calculating the volumes from the surface 
measurements of each slice. (b) Formula for calculating total liver volume is based on patient's BSA. (Modified with permission from 
Reference 14). (c) Before embolisation, the volume of segments II/111 is 283 cm 3, or 14% of the total liver volume (2,036 cm3). After 
embolisation, the volume of segments II/111 is 440 cm 3, or 21% of the total liver volume (an increase of 7%). 

ver, intravenous (IV) contrast administration is essen- 

tial in different phases. With this technique, the total 

liver volume and FLR volume can be calculated imme- 

diately after scanning [60]. Two techniques of CT volu- 

metry are used. The first method measures the volume 

of the entire liver plus tumours and then the volumes 

of each measurable tumour. Total "normal liver" volu- 

me is then estimated by subtracting tumour volume 

from total volume and calculated as follows [15, 61]: 

(resected volume - tumour volume) 

/ (total liver volume - tumour volume) 

This method can be difficult with multiple tumours. 

And also this approach does not account for the actual 

functional liver volume when there is vascular obstru- 

ction, chronic liver disease, or biliary dilation in the 

liver to be resected [91]. 

A more accurate method (fig. 30.1) standardises li- 

ver remnant size to individual patient size to account 

for the reality that large patients need a larger liver 

remnant than smaller patients need. CT is used to dire- 

ctly measure the FLR. The total liver volume is then 

estimated total estimated liver volume (TELV) by a 

formula: 

(TELV = -794.41 + 1,267 body surface area [54, 62, 63] 

[BSA]; r2 = 0.454; P < .001) 

derived from the close association between liver size 

and patient size based on body weight and BSA [11, 

25]. The FLR/TELV ratio is then calculated to provide a 



O. Damrah, R. Canelo, L. Jiao, N.A. Habib 385 

volumetric estimate of function of the FLR. From this 

method of calculation, called standardised FLR measu- 

rement, a correlation between the anticipated liver 

remnant and operative outcome has been established 

[11]. CT images are obtained immediately before PVE 

and approximately 4 weeks after PVE to assess the de- 

gree of FLR hypertrophy. In cases of cirrhotic livers, 

functional tests are sometimes used to assess liver fun- 

ction, with the most common test being indocyanine 

green retention. Makuuchi et al [64] use a clinical algo- 

rithm to determine the extent of safe resection in a pa- 

tient with cirrhosis based on indocyanine green (ICG) 

retention and extent of planned resection. Its clearance 

can be used as an indicator for hepatocyte function. 

Retention rate 15 min after intravenous injection of 

ICG (0.5 mg/kg) correlates with outcome in some se- 

ries [54, 62, 63]. ICG excretion and bile volume from 

the unembolised lobe increase after PVE and correlates 

with volume increase of that lobe [49]. Others found 

that 99mTc GSA liver scintigraphy is more useful than 

CT for accurately predicting remnant liver function 

before hepatectomy based on ICG and for evaluating 

changes in regional liver function after unilateral occlu- 

sion of the portal vein [65]. However, the only consi- 

stently used test is CT volume estimation. Current de- 

velopments in nuclear imaging technology designed to 

measure anatomic and functional differences in liver 

volume are being evaluated. Technetium 99m -labeled 

diethylenetriamine pentaacetic acid- galactosyl human 

serum albumin specifically binds to asialoglycoprotein 

receptors on the cell membranes of hepatocytes. Di- 

stribution of this agent can be monitored in real time 

with use of single-photon emission scintigraphy and 
has been shown to correlate with indocyanine green 

retention [65]. Another technique, axial image recon- 

struction, can be used to estimate the differential fun- 

ctions of the right and left liver. However, neither te- 

chnique has been established as sufficiently accurate 

for use in assessing segmental or bisegmental function 

during planning for extended hepatectomy [91]. 

30.6. Anatomic Considerations 

A comprehensive understanding and application of 

surgical anatomy of the liver is essential in performing 

PVE. The liver is divided into two lobes (left and right, 

separated by the main portal fissure) and eight seg- 

ments. Hepatic segmentation is based on the distribu- 

tion of the portal pedicles and the location of the he- 

patic veins (fig. 30.2). 

30.7. Portal Venous Anatomy 

The portal vein is formed by the union of the superior 

mesenteric and splenic veins behind the neck of the 

pancreas at the level of the L1/L2 lumbar vertebra. It 

then runs to the right behind the neck of pancreas and 

behind the first part of the duodenum and behind the 

common bile duct and hepatic artery to reach the por- 

ta hepatic where it divides into right and left branches. 

The bifurcation may be extrahepatic, intrahepatic or 

just at the entrance of the liver. 

On the right there are usually two sectoral portal 

branches (anterior and posterior); on the left, there are 

two parts to the (main) left portal vein: the extrahe- 

patic portion and the intrahepatic portion. The sectoral 

branch divides into several segmental portal branches, 

which in turn supply the various segments. One seg- 

mental branch usually supplies segments II, VI, and VII 

and, more rarely, segment III. Segments IV, V, and Viii 

I ...................................................................................................................... I 
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Fig. 30.2. Schematic illustrates Couinaud segmental liver anatomy and 
the normal portal venous structures. The possible hepatic resection 
procedures are also shown. IVC -inferior vena cava, PV - portal vein. 
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Fig. 30.3. (a, b) Schematics illustrate the normal portal vein (PV) 
branches from anterior (a) and inferior (b) perspectives, hp - horizontal 
part, LPV - l e f t  portal vein, RPV - right portal vein, up - umbilical 
(vertical) part. (c) Three-dimensional computed tomographic (CT) 
reformatted image (anterior view) demonstrates normal portal venous 
anatomy. LPV- left portal vein, PV- portal vein, RPV - right portal vein. 

are commonly supplied by more than one segmental 
branch. Segmental veins then divide into subsegmental 
branches, which further divide into small veins leading 
to the portal venule of the liver acinus. 

30.8. Portal Venous Variants 

Anatomic variants of the portal vein, though uncom- 

mon can have serious implications on performing a 
successful PVE. The PV may have one left and two right 

(anterior and posterior) portal branches. This is known 
as portal trifurcation. The right anterior segment portal 
vein may branch from the left main portal vein, or the 

left main portal vein may branch from the right ante- 

rior portal vein. Alternatively, the right posterior branch 
may stem from the main portal trunk, with the anterior 
branch forming a bifurcation with the left portal vein. 
Quadrifurcation of the portal vein is another possible 
variant, consisting of a branch for segment VII, a branch 

for segment VI, an anterior branch, and a left main 

portal branch (left portal vein). Rarely bifurcation of 
the portal vein is completely absent (ie, no right portal 
vein) [67]. In this case, the solitary portal vein in the 
hilum passes through the entire liver, either from right 

to left or from left to right. It is essential to be aware of 

these variants and others, though rare, in order to per- 
form a safe well targeted PVE and prevent injury to the 

FLR. 
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30.9. Mechanism of PVE 

PV occlusion can be achieved either by PV ligation 
(PVL) or by PVE. Broering et al. conducted a study on 
34 patients with primary or secondary liver tumours to 
assess the efficacy of right PVE vs. right PVL for indu- 
ction of hypertrophy of the left lateral liver lobe before 

extended right hepatectomy. The study found PVE to 
be superior to PVL in terms of volume gain in a shorter 

time, shorter hospital stay, and fewer adhesions during 

major hepatectomy [10]. PVE can be performed by any 

of three standard approaches: the transhepatic contra- 

lateral (ie, portal access via the FLR), transhepatic ipsi- 
lateral (ie, portal access via the liver to be resected), 
and intraoperative transileocolic venous approaches. 
These approaches are chosen on the basis of operator 
preference, type of hepatic resection planned, extent 
of embolisation (eg, right PVE with or without exten- 
sion to segment IV), and type of embolic agent used 

[91]. 
PVE is performed to redirect portal blood flow to- 

ward the hepatic segments that will remain after sur- 

gery (ie, the FLR). To ensure adequate hypertrophy, 
embolisation of portal branches must be as complete 
as possible so that recanalisation of the occluded portal 
system is minimised [91]. The entire portal tree to be 
resected must be occluded to avoid the development 
of intrahepatic portoportal collaterals that may limit re- 
generation [68]. 

Necessary laboratory studies are done prior to the 

procedure including complete blood count, prothrom- 
bin time, total bilirubin value, liver function tests, blood 

urea nitrogen/creatinine levels prior to PVE. If the pa- 
tient has an elevated total bilirubin value (>3.0 mg/dL), 
percutaneous or endoscopic biliary drainage is perfor- 
med. Cross-sectional imaging for procedural planning 
is performed immediately prior to PVE to document 
the extent of disease (ie, extrahepatic disease or invol- 
vement of the planned FLR), FLR size, and portal ve- 

nous anatomy [91, 69]. On the day of the procedure, 

prophylactic broad-spectrum antibiotics (e.g., cefazo- 

lin, ceftriaxone sodium) are administered intravenou- 

sly for prevention of biliary sepsis [70]. Although gene- 

ral anaesthetic may be requested, the procedure is 

most often performed with local anaesthetic (1% lido- 

caine hydrochloride) and intravenously administered 
sedatives that allow the patient to remain conscious. 

Ultrasonography of the liver is performed to determi- 
ne the best access route into the portal venous system. 
Under sterile conditions, access into the portal venous 
system is gained under ultrasonic or fluoroscopic gui- 
dance or both. The percutaneous transhepatic method 
is an application of Lunderquist's technique for sclero- 
sis of esophageal varieces via the coronary vein [71 ]. 

The transhepatic contralateral approach, developed 

by Kinoshita et al [27], is the most commonly used 

technique. With this approach, a branch of the left por- 

tal system is accessed and a 6-F balloon occlusion ca- 

theter is advanced through an introducer into branches 

of the right portal tree for embolisation. Modifications 
of this technique have been made since the initial re- 

port [52]. This makes the procedure technically easier 
since the catheterisation of the desired right PV branch 
is more direct via the left system than via the right 
system. However, the disadvantage of this technique is 
the risk of injury to the FLR parenchyma and the left 

PV [60]. The transhepatic ipsilateral approach was first 

described by Nagino et al [73] in the mid 1990s. For 
this approach, a peripheral PV branch in the liver to be 

resected is accessed and a 6-F sheath is advanced 

through it. Nagino and colleagues [73] designed two 
types of balloon occlusion catheters, "type 1" and "type 
2," that facilitate "trisegment" PVE from the right or the 
left, depending on the type of resection to be perfor- 
med (eg, extended right or extended left hepatecto- 
my). Both catheters are 5.5-F and have three lumens, 

one to the balloon and the other two at the catheter tip 

(type 1) or just proximal to the balloon (type 2). These 

catheters serve distinct functions of targeting emboli- 
sation with adhesive or sclerosing agents proximal or 
distal to the balloon. Because the ipsilateral approach 
requires the use of catheters unavailable outside of Ja- 
pan, modifications of the ipsilateral technique have been 
developed. At the M. D. Anderson Cancer Center stan- 
dard angiographic catheters are used for combined 
particulate and coil embolisation [91, 69, 74, 75] (fig. 

30.4). 
Increasing attention is paid to embolising not only 

the right portal vein but also the branches to segment 

IV [20, 21] if an extended right lobectomy is needed. 

Systematic embolisation of segment IV branches is im- 

portant for 2 reasons. First, all tumour bearing liver is 

embolised because accelerated tumour growth has been 

reported after incomplete embolisation [76]. Second, 
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Fig. 30.4. (a-d) Technique of transhepatic ipsilateral right PVE ex- 
tended to segment IV with tris-acryl microspheres and coils. (a) An- 
teroposterior flush portogram shows a 6-F vascular sheath in a right 
PV branch and a 5-F flush catheter in the main PV. (b) Selective left 
portogram shows the veins that supply segments II, III, and IV. (c) 
Post procedural portogram shows occlusion of the PV branches to 
segments IV-VIII (small white arrows point to coils within segment 
IV PV branches; large white arrows point to coils within the proximal 
anterior and posterior sector right PV branches) with continued pa- 
tency of the veins supplying the left lateral lobe (segments II/111). (d) 
Later phase of post procedural portogram demonstrates normal pa- 
renchymal flow to the left lateral lobe (white arrows) with complete 
absence of flow to segments IV-VIII. 

systematic embolisation of segment IV may contribute 
to better hypertrophy of segments I, II and III before 
extended right lobectomy. Avoiding reflux of emboli- 
sing material into contralateral lobar veins is essential 

when occluding segment IV veins with any substance; 

bilateral or main portal vein occlusion, although never 

reported remains a definite risk. Nagino et al [20] re- 

commended particulate embolisation of segment IV 

before embolisation of the right system to minimise 

the risk of such complications. A 3-F microcatheter is 
advanced coaxially through a 5-F angled catheter into 
the PV branches in segment IV so that particles (eg, 
polyvinyl alcohol [PVA] particles or tris-acryl gelatin 

microspheres) and coils can be delivered. When seg- 

ment IV embolisation is completed, a reverse-curved 
5-F catheter is used for right PVE [91]. Embolisation of 
the access tract is performed with coils to reduce the 
risk of perihepatic haemorrhage at the puncture site 

[91]. 
One advantage of the ipsilateral approach is that 

the contralateral liver is not instrumented and thus 
avoiding vascular injury to the anticipated liver rem- 

nant. However, catheterisation of the right PV bran- 

ches may be more difficult because of severe angula- 
tions between right portal branches, and the technique 
usually requires the use of reverse-curved catheters. 
Another potential disadvantage of this approach is that 
some embolic material could be displaced on catheter 
removal, leading to non target embolisation; however, 

this has not occurred in more than 50 ipsilateral PVE 
procedures with or without extension to segment IV 

portal branches with particles and coils [91, 74, 75]. 
The transileocolic venous approach is performed during 
laparotomy by direct cannulation of the ileocolic vein 

and advancement of a balloon catheter into the PV for 
subsequent embolisation [18]. Tumour extent can be 

assessed at the time of PVE by this method. 
This approach is often performed when an inter- 

ventional radiology suite is not available, when a per- 
cutaneous approach is not feasible, or when additional 

treatment is needed during the same surgical explora- 

tion [77]. A pilot study of PVE via a transjugular appro- 
ach in 15 patients was reported [78]. Under US gui- 
dance, a right or left PV branch is punctured from the 
right, median, or left hepatic vein. A catheter is then 
placed near the portal bifurcation and used to perform 
right portal branch embolisation with a mixture of n- 
butyl-2-cyanoacrylate (NBCA) and iodised oil. All 15 c- 
ses were successful. FLR hypertrophy was adequate with 
this approach, and right hepatectomy was performed 

in 12 patients. Although this approach appears safe and 

effective, the series is small, and additional studies will 

be necessary before this technique becomes wide- 

spread. For right PVE in patients with cirrhosis, this 

may be an attractive approach; however, the technical 

feasibility of right PVE extended to segment IV has not 

been explored [91]. 
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30.10. EmbOliC Material 

Many embolic materials have been used for PVE. The- 

se agents include, fibrin glue, NBCA and ethiodised oil, 

gelatin sponge and thrombin, coils, microparticles (mi- 

crospheres), and absolute alcohol. Both gelfoam and 

coil are always used along with other substances for 

the embolisation of large branches of portal vein [70, 

88]. Gelatin sponge and Fibrin glue are commonly used 
as embolic material but found to have high rates of ear- 

ly recanalisation, as early as 2 weeks. Kaneko et al [79] 
proposed a combination of gelatin sponge with the 

sclerosing agent polidocanol. Used in a canine model, 

this emulsion produced occlusion of the desired PV 

branches for as long as 8 weeks after PVE [91]. NBCA 

mixed with ethiodised oil leads to fast, reliable hyper- 

trophy and minimizes the delay between PVE and de- 

finitive resection [52]. Different embolic materials 

differ also in the rate and degree of regeneration. NBCA 

embolisation leads to a 90% increase in liver volume 
after 30 days whereas the combination of gelatin spon- 
ge and thrombin resulted in only a 53% volume increa- 

se after 43 days [19]. But massive peribiliary fibrosis 

results with the use of NBCA, and this in turn increases 

operative difficulty. PVE with absolute alcohol has been 

found to be particularly useful in the treatment of HCC 

as a result of its strong coagulation effect, although ob- 

vious alteration was found in measured liver function 
following the embolisation [70]. 

Another commonly used agent for PVE is a mixture 
of fibrin glue with ethiodised oil. This mixture usually 
induces less than 75% portal occlusion at 2 weeks and 

less than 25% portal occlusion at 4 weeks [80]. How- 
ever, fibrin glue with ethiodised oil was found to in- 

creases FLR volume by 10%-20% after a mean of 18 
days after PVE [20, 35, 83]. Recently, the use of parti- 
cles such as PVA particles for PVE has been proposed 

[30, 69, 74, 84]. PVA particles are safe, cause little peri- 
portal reaction, and generate durable PV occlusion when 
used in combination with coils [30]. 

30.11. Postembolisation Course 

Evaluation for signs of postembolisation syndrome or 

liver insufficiency includes review of patient symptoms, 

clinical signs, and laboratory data (such as elevated 

white blood cell count, increasing transaminase levels, 

or prothrombin time). Patients are discharged when 

they are clinically stable and without complications, 

usually the next day [69]. CT is repeated after 2-4 weeks 

to assess FLR hypertrophy and disease changes. If liver 

regeneration occurs, resection is performed. Otherwi- 

se, follow-up CT is performed after 4 weeks. Although 

studies in animals show that most regeneration occurs 
within the first 2 weeks, this has not yet been proved 

in humans [69]. 

30.12. Indications for PVE 

A number of factors must be taken into consideration 

for selection of patients who will benefit from PVE. 

The most important factor is the status of the liver to 

be operated upon, whether healthy or cirrhotic, becau- 

se that will affect the FLR volume needed for adequate 

function. And correlating that with the patient's size is 

another important factor. Large patients will need 
more remnant volume. Another factor is the extent of 

the planned resection. All of these factors along with 

patient's age, status, and any underlying disease must 

be taken into consideration when deciding whether to 

perform PVE or not. The first factor to be considered 

in determining whether PVE is indicated is the presen- 

ce or absence of underlying liver disease. A normal li- 

ver has a greater regenerative capacity than a cirrhotic 

liver, functions more efficiently, and tolerates injury 
better [91]. Post resection hepatic failure and compli- 
cations were found to occur more frequently in patients 

with liver cirrhosis. Standardising the FLR size to pa- 
tient size is critical to appropriate determination of the 
need for PVE [91]. A recent prospective randomised 

study [88] confirmed the benefit of PVE in patients 
with cirrhosis before right hepatectomy, and Kubota et 

al [15] suggested an FLR less than 40% should prompt 
PVE before major hepatectomy. This guideline has 

been extended to patients in whom the liver is com- 

promised by chronic liver disease, high-dose chemo- 

therapy, or severe fibrosis [11, 17, 44, 48]. 

In patients with an otherwise normal liver, the indi- 

cations for PVE have evolved with greater accuracy of 

liver volume measurement and the use of standardized 

liver volumes [91]. An FLR/TELV ratio greater than 

20% is associated with fewer complications than an 
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FLR/TELV ratio of 20% or more [13]. It is important to 

recognize and individualize the indication for PVE with 

use of a standardized 20% cutoff for liver volume be- 

cause of intrahepatic segmental variability. Liver volu- 

me analysis has revealed that the lateral left liver (seg- 

ments II/III) contributes less than 20% of the total liver 

volume in more than 75% of patients in the absence of 

compensatory hypertrophy [91]. In addition, the left 

liver (segments II, III, and IV) contributes 20% or less 

of the total liver volume in more than 10% of patients 

[89]. Therefore, an FLR/TELV ratio less than 20% can 

be expected in most patients who do not develop com- 

pensatory hypertrophy from tumour growth and requi- 

re an extended right hepatectomy. In this subset of pa- 

tients, the use of right PVE with extension to segment 

IV is indicated [91]. One novel indication for PVE other 

than what was mentioned, is to induce hepatocyte re- 

plication to enable hepatic gene therapy. Hepatic gene 

therapy is being investigated for treatment of serum 

protein deficiencies including haemophilia and meta- 

bolic defects. Gene therapy delivery vehicles under in- 

vestigation provide only transient transgene expres- 

sion in the liver. Retroviral delivery systems have the 

advantage of providing more durable transgene ex- 

pression but require cell replication to enable transfe- 

ction. Thus, limited PVE may play a role in future he- 

patic gene therapy with retroviral delivery systems [30]. 

30.13. Contraindications 

So far, there has been no absolute contraindication to 

PVE. However there are some relative contraindica- 

tions which include: i) Patients with metastatic disease, 

such as distant metastases or periportal lymphadeno- 

pathy, cannot undergo resection and therefore are not 

candidates for PVE; ii) patients with widespread intra- 

hepatic disease involving the entire right lobe and seg- 

ment I, II, or III or involving the entire left lobe and 

segment VI or VII are not candidates for right or left 

trisegmentectomy, respectively and would not benefit 

from PVE; iii) uncorrectable coagulopathy; iv) tumour 

invasion of the portal vein; v) tumour precluding safe 

transhepatic access; vi) biliary dilatation (in cases of bi- 

liary tree obstruction, drainage is recommended); vii) 

portal hypertension; viii) renal failure, which requires 

dialysis [69]. The presence of an ipsilateral tumour may 

preclude safe transhepatic access if the tumour burden 

is great, but this is also unlikely, as there is no evidence 

that tumour spread occurs during PVE. If access to an 

adequate PV branch for PVE is not possible, the contra- 

lateral approach can be considered [91]. However, this 

option must be weighed against the possibility of cau- 

sing injury to the FLR or the portal veins that supply it. 

30.14. Outcomes After PVE and Hepatectomy 

PVE induces hypertrophy of the nonembolised lobe of 

both abnormal and normal liver parenchyma, with bet- 

ter results in the normal livers. And it was found to re- 

duce postoperative morbidity and enable safe, poten- 

tially curative hepatectomy for patients not previously 

considered candidates for resection based on anticipa- 

ted marginal FLRs, and with minor and transient com- 

plications [ 13-22]. 

However, successful PVE does not necessarily lead 

to surgical resection, Azoulay [16] conducted a study in 

which thirty patients underwent preoperative PVE be- 

fore resection of unresectable liver metastases from 

colorectal cancer. Liver resection was performed after 

PVE in 19 patients (63%) only. Reasons for unresectabi- 

lity after PVE were related to contralateral tumoural 

progression and extrahepatic tumour spread precluding 

curative resection. Other factors leading to cancella- 
tion of resection post PVE are: insufficient hypertrophy 

of the nonembolised liver, and complete portal throm- 
bosis [72]. But when followed by resection PVE and 

PVL are considered both feasible and safe methods of 

increasing the remnant functional liver volume and 

achieving resectability of extended liver tumours with- 

out increasing mortality and morbidity [10]. The folio- 

wing table summarises the outcome of PVE in a num- 

ber of studies conducted on patients with liver meta- 

stases (table 30.1). 
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Knowing that chronically damaged livers are less able 
to regenerate, evaluating the outcome of PVE in nor- 
mal and abnormal liver parenchyma separately is more 

convenient. 

30.15. PVE in Patients with Chronic Liver 

Disease 

PVE is less effective in patients with chronic liver di- 

sease. Because liver growth is triggered by hepatic fun- 

ction loss, the more normal and functional liver paren- 

chyma is embolised, the more likely adequate liver 

growth will be observed [28, 45]. In patients with chro- 

nic liver disease (chronic hepatitis, fibrosis, or cirrho- 
sis), the increase in nonembolised liver volumes after 
PVE varies (range, 28%-46%), and hypertrophy after 

PVE may take more than 4 weeks because of slower 

regeneration rates [91, 35, 48]. The complication rates 

after PVE are higher in patients with chronic liver di- 

sease than in those with an otherwise normal liver be- 

cause of the increased risk of secondary PV thrombo- 

sis, presumably from slow flow in the PV trunk after 

PVE [91, 72]. 
In patients with underlying liver disease, number 

and severity of complications and incidence of post- 

operative liver failure and death after major hepatecto- 

my are decreased by PVE. Compared with patients 

treated with major hepatectomy without PVE [91, 44, 

48, 86, 96, 97]. Tanaka et al [97] reported several bene- 
fits of PVE in a larger study of patients with cirrhosis 

and HCC. Disease-free survival rates were similar, but 

cumulative survival rates were significantly higher in 

the PVE group than in the non-PVE group. In addition, 
patients with recurrence after PVE plus resection were 
more often candidates for further treatment, an addi- 
tional benefit of PVE in the long term [91]. 

30.16. PVE in the Absence of Chronic Liver 

Disease 

The outcome of embolisation and subsequent resection 

may be even more closely linked to the PVE technique 

in patients with otherwise normal livers than in patients 

with cirrhotic livers [91]. Several studies have validated 

residual volume as the key to prediction of postoperati- 

ve liver function and posthepatectomy course. Vauthey 

et al [14] recently reported 127 consecutive extended 
hepatectomies with standardised liver volume calcula- 
tions used to select patients for PVE and extended hepa- 
tectomy. In that series, 24% of patients underwent PVE 

before extended hepatectomy. Of 127 patients, only six 
(5%) experienced significant postoperative liver insuffi- 

ciency; the postoperative complication rate was 31%, 

and only one patient (0.7%) died after hepatectomy. 

The median survival was 41.9 months, and the overall 5- 

year survival rate was 26% for the entire group. 

PVE has clearly been shown to enable safer rese- 

ction with acceptable oncologic outcomes in correctly 

selected patients with otherwise normal livers. Techni- 

cal aspects of the embolisation can impact the degree 
and rate of hypertrophy of the liver remnant, and al- 
though changes in tumour size related to PVE appear 

not to have clinical significance, increases in tumour 

size can be avoided and FLR hypertrophy can be maxi- 

mised if the entire tumour-bearing liver is systemati- 

cally embolised, including the right liver and segment 

IV, before extended right hepatectomy [91]. It was ob- 

served that in patients with a normal liver the growth 

rate of tumour appeared to be more rapid than that of 
the parenchyma during liver regeneration following 
right PVE [76]. 

Apparently, tumour growth after PVE is not con- 

trolled by the same mechanisms as hypertrophy of the 

preserved portion of the liver. Tumour growth after 

PVE may be controlled by 3 factors: malignant poten- 

tial of the tumours, changes in cytokines or growth 

factors induced by PVE, and changes in blood supply 

after PVE [92]. The approach to these multiple bilobar 

liver turnout cases is through a two-stage hepatectomy 
procedure (TSHP) combined with portal vein emboli- 
sation. In which metastases located in the FRL should 
be ideally resected before PVE in a first-stage hepate- 
ctomy; a major hepatic resection can then be perfor- 
med, after PVE, in a second-stage hepatectomy. In a 

study conducted on 33 patients with unresectable 

MBCLM, Jaeck [93] found that in selected patients with 

initially unresectable MBCLM, a TSHP combined with 

PVE can be achieved safely with long-term survival si- 

milar to that observed in patients with initially resecta- 

ble liver metastases. In summary, no current evidence 

exists that PVE-induced tumour growth is of clinical 

significance, whereas the clinical utility of PVE has been 
clearly established. 
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30.17. Complications 

PVE is considered a relatively safe adjuvant method to 

liver resection, less toxic than arterial embolisation, and 

with minimal side effects. In a study conducted by Di 

Stefano evaluating adverse effects in 188 patients who 

underwent preoperative PVE (PPVE) for primary or se- 

condary liver tumours, he found that 6.4% of compli- 

cations necessitated treatment or prolonged hospitali- 

sation, including 0.5% that precluded the scheduled li- 

ver resection. These complications included thrombo- 
sis of the portal vein feeding the FLR (one patient), 
embolic material migration in portal vein feeding the 

FLR (two patients), haemoperitoneum (one patient), 

transitory haemobilia (one patient), rupture of a meta- 

stasis into the gallbladder (one patient), migration of 

small emboli in non targeted portal branches (ten pa- 

tients), subcapsular haematoma (two patients), and tran- 

sient liver failure (six patients). Post-PPVE transient 

liver failure was more common in patients with cirrho- 

sis than in those without cirrhosis. So, PPVE was found 
to be a safe procedure in more than 93.6% of cases 
[72]. Signs and symptoms of postembolisation syndro- 

me, such as nausea and vomiting, are rare. Fever and 

pain are infrequent. Changes in liver function follo- 

wing PVE are usually minor and transient (50% of pa- 

tients have no appreciable change). When transamina- 

se levels rise, they usually peak at a level less than 

three times baseline 1 - 3 days after embolisation and 

return to baseline in 7-10 days, regardless of the embo- 
lic materials used. Slight changes in total bilirubin va- 
lue and white blood cell count may be seen. Synthetic 
function (e.g., prothrombin time) was almost never af- 
fected [70]. Other complications include, pseudoaneu- 
rysm which is considered to be a severe complication 
and may result in death, it is treated by transcatheter 

arterial embolisation (TAE). Arteriovenous, fistula, ar- 

terioportal shunts, pneumothorax and sepsis [72, 101]. 

As most technical complications occurred in the pun- 

ctured lobe, Kodama and colleagues [101] recommen- 

ded that the transhepatic ipsilateral approach be tried 

first. Of interest, complication rates differed depen- 

ding on the segments punctured in their study. When 

the anterior segment was punctured, the complication 
rate was lower than when the posterior segment was 

punctured. A possible explanation for this finding is 

that the posterior branch of the PV is more difficult to 

visualize clearly than the anterior branch, making it 

more difficult to set up an adequate puncture line [91]. 

30.18. Future 

Although PVE is considered a big leap in the history of 

liver surgery, much is still yet to be understood about 

how PVE actually works, and how we can apply it in a 

way to improve the outcome of liver resection. Since 

liver regeneration after hepatic tissue loss is the princi- 
ple by which PVE works, further analysis is needed to 
fully understand the mechanism. The role of stem or 

progenitor cells in liver regeneration has long been 

controversial, liver is unlike skin and GI tract which 

have a specific stem cell population responsible for the 

continuous rapid turn over. This population isn't impli- 

cated in a clear straight forward sense in the hepatic 

regenerative process. Many factors are being implica- 

ted in the initiation, progression and cessation of this 
growth response, those factors are either intrinsic se- 
creted by hepatocytes itself or secreted by other or- 

gans. However it works differently on different livers. 

Why do cirrhotic livers respond in a different way to 

PVE in comparison to normal livers? And even normal 

livers differ in degree and rate of hypertrophy after 

PVE. All are issues which need to be better under- 

stood. Another controversial issue is tumour growth 

after PVE. Not much data is available to make a clear 

idea whether PVE induces tumour growth and how 
would this adversely affect the outcome of it, however 
this represents a point to be thoroughly investigated in 
order to keep claiming the safety and justification for 
PVE. I believe that a multidisciplinary approach, inclu- 
ding a better understanding of how our bodies fun- 
ction and regenerate, a thorough knowledge of liver 

pathobiology, this fascinating organ, an improvement 

in surgical techniques and post operative care, a large 

pool of patients, and long term follow up results, will 

definitely improve our understanding of PVE and how 

to implicate it in a way that will maximally benefit pa- 

tients with liver tumours and have significant effect on 

the surgical outcome and long term survival. 
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HEPATIC CHEMOEMBOLIZATION 

Paul Tait 

31.1. Introduct ion 

End stage liver disease accounts for approximately 1 in 

40 deaths world wide. Hepatitis B (HBV) and hepatitis 

C (HBC) viruses are recognised risk factors for cirrho- 

sis and liver cancer. It has been estimated that, global- 

ly, 57% of cases of cirrhosis can be attributable to HBV 

(30%) or HCV (27%) and that 78% of hepatocellular 

carcinoma (HCC) is attributable to HBV (53%) or HCV 

(25%). Applied to 2002 mortality figures these fractions 

would represent estimates of 929,000 deaths due to 

chronic HBV and HCV infections, including 446,000 

cirrhosis and 483,000 liver cancer deaths [1]. 

Early stage HCC is clinically silent and the disease is 

often advanced at presentation. Without treatment the 

5 year survival is less than 5% [2]. The World Health 

Organisation (WHO) has estimated that by 2010 HCC 

will have surpassed lung cancer as the foremost cause 

of cancer mortality worldwide [3]. 

In the United States the incidence of histologically 

proven HCC has increased from 1.4 per 100,000 in the 

1976-1980 population to 2.4 per 100,000 in the 1981- 

95 population [4]. The increasing incidence in the 
latter cohort is related to the spread of viral hepatitis 

(B and C) in the 60's and 70's secondary to blood and 

sexual transmission [4]. However, hepatocellular carci- 

noma can develop in any patient with underlying cirr- 

hosis, whatever the aetiology of that cirrhosis. 

Only 20% of cases of HCC are surgical candidates at 

presentation [5]. Even though patients may present with 

lesions that are resectable, co-existing medical morbi- 

dities or the status of the underlying liver may make 

them unsuitable surgical candidates. 

It has been postulated that patients with established 

cirrhosis should be monitored with ultrasound every 6 

months to detect early tumours. Such lesions can then 

be treated by resection, liver transplantation or percu- 

taneous treatment (chemical ablation or radiofrequen- 

cy ablation). This would prove suitable for 30% of pa- 

tients and could achieve survival rates greater than 50%. 

Resection can be considered in those cases with one 

tumour and well preserved liver function. The only ab- 

solute contraindication to surgery is the presence of 

extrahepatic disease. However, many clinical and 

morphological factors may affect the success of surgery 

and may lead to a different form of therapy. The most 

notable of these is the association of HCC with 

underlying cirrhosis [6]. In general, surgical resection 

is limited to those cases with Child-Pugh class A or B 

liver disease [7]. Liver transplantation can be conside- 

red for patients with decompensated cirrhosis and one 

tumour less than 5cm diameter or up to 3 nodules less 

than 3cm diameter. There is always the problem of sui- 

table donors [8]. Most patients present with advanced 

disease and hence palliation is the only possibility. 

Possible non surgical therapies for HCC include sy- 

stemic chemotherapy, chemical ablation (ethanol or 

acetic acid), other percutaneous ablative measures (ra- 

diofrequency ablation, microwave ablation and cryo- 

therapy), transarterial chemoembolisation (TACE) and 

Selective Internal Radiation Therapy (SIRT). Chemical 

ablation and Radiofrequency ablation can be used in 

the management of small unresectable HCC's that are 

few in number. These treatments can also be of benefit 

as a bridge or controlling the malignant disease pro- 

cess prior to transplantation. More widespread disease 

is treated with either TACE or SIRT [7]. Systemic che- 

motherapy is relatively ineffective with a low response 

rate (<20%) and a mortality rate up to 25% [9]. 

TACE has been utilised in Japan and the Far East for 

numerous years but the benefits have been disputed 

[10,11]. 

However, in 2002 were published the results of two 

landmarks, well designed, randomized controlled trials 
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that clearly demonstrated a survival benefit for those 

patients with unresectable HCC treated with TACE 

compared with best medical care. The Barcelona Liver 

Cancer Group utilising Doxorubicin as the chemothe- 

rapeutic agent demonstrated a survival benefit with 

TACE of 82% at one year compared with 63% for best 

medical care. There was also a benefit of TACE over 

simple embolisation without the chemotherapy but the 

results did not reach statistical significance [12]. A group 

from Hong Kong used Cisplatin as the chemotherapeu- 

tic agent and demonstrated a survival benefit of 57% 

versus 32% for TACE compared with best medical care 

[13]. Patients enrolled in these studies were of relative- 

ly good performance status, being limited to Child-Pugh 

groups A and B. Child-Pugh score is determined on the 

basis of serum albumin, total serum bilirubin, prothrom- 

bin time and the presence and degree of ascites and 

hepatic encephalopathy. Thus only patients in a relati- 

vely good clinical condition are likely to benefit from 

any invasive procedure. 

31.2. Theoretical Aspects 

It is the dual blood supply to the liver that provides the 

advantage to allow direct therapeutic interventional 

procedures. Liver neoplastic disease primarily obtains 

its blood supply from the hepatic arterial circulation 

whilst the converse is true for the hepatic parenchyma. 

Liver tumours receive as much as 95% of their blood 

supply from the hepatic artery whereas the normal li- 

ver parenchyma obtains 70% of its blood supply from 

the portal vein [14]. This differential blood supply has 

been demonstrated by a variety of means, including 

CT, CO2 microbubble ultrasound and study of explan- 

ted livers [15-17]. Injection of the chemotherapeutic 

agent into the hepatic arterial circulation will achieve 

high doses of that agent in the tumour vasculature com- 

pared with normal liver or the systemic circulation. 

The chemotherapeutic agent is mixed with an oily con- 

trast medium, lipiodol which helps to achieve concen- 

tration of the drugs in the tumour circulation [18]. In 

addition, there is a lack of Kupfer cells within liver 

neoplasms which results in a reduced clearance of the 

chemotherapy/lipiodol suspension. Following injection 

of the chemotherapy/lipiodol suspension the artery or 

arteries supplying the area of treatment are occluded 

with particulate matter. This will result in increased tis- 

sue ischaemia (the lipiodol itself has an embolic effect) 

which leads to hypoxia and cell death in the tumour. 

Moreover, anoxia causes an increase in tissue permea- 

bility and in the local concentration of chemotherapy 

agents [7]. Arterial occlusion is also a further inhibitor 

of chemotherapy washout [19]. The contra-argument 

to arterial embolisation is that it acts as a stimulus to 

new vessel formation in HCC by stimulating the ex- 

pression of various angiogenic factors [20]. Permanent 

occlusion of major vessels may also prevent subse- 

quent treatments. The use of relatively small particles 

in the embolisation procedure may achieve a more di- 

stal embolisation, a better ischaemic insult and a lesser 

"drive" for the angiogenic process. Peroxidase free ra- 

dical formation and retention in chemoembolisation is 

potentiated by an ischaemic insult with relatively hi- 

gher local doses of chemotherapeutic agents and pero- 

xidase free radicals after embolisation. Thus there is a 

greater benefit in having a static blood flow [21, 22]. 

The converse is true with SIRT where optimal perfu- 

sion is required to generate oxygen free radicals as the 

generation of the same is known to be a triggering point 

for apoptosis response [23]. Cancer cells are thought to 

have difficulty in compensating to an environment rich 

in free radicals due to their relative lack of superoxide 

desmutase compared with normal cells [24]. Thus, ar- 

terial embolisation is likely to result in a greater thera- 

peutic response in TACE but not in SIRT. 

31.3. Patient Selection 

Most of the literature applies to the treatment of HCC 

with TACE though the technique has been used to treat 

certain metastatic disease, including colorectal meta- 

stases. The requirements are such that the lesions within 

the liver should be hypervascular and a chemothera- 

peutic agent is utilised to which the neoplasm is sensi- 

tive. 

All patients must have unresectable liver tumours 

which may involve both lobes of the liver or there are 

complicating factors that make surgery untenable. HCC 

lesions to be treated by TACE tend to be large, infiltra- 

tive or multifocal. Severe liver dysfunction is as much a 

contraindication to TACE as it is to surgery. Patients 

with Child-Pugh C disease should be referred for me- 
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dical or supportive treatment only. Other factors which 

increase the risks of TACE include severe thrombocy- 
topaenia or leukopenia, cardiac and/or renal insuffi- 

ciency, uncorrectable coagulopathy, ascites, portal vein 

occlusion with hepatofugal flow and anomalous or ab- 

normal vasculature that increases the risk of non-target 

embolisation [7]. 
Patients referred for TACE have usually undergone 

some form of cross-sectional imaging as part of the sta- 

ging process: either a contrast enhanced helical com- 
puted tomography (CT) or Magnetic Resonance (MR) 

scan. Disease should be limited to the liver though treat- 

ment of slow growing lesions such as the fibrolamellar 

variant of  HCC can be considered if the extrahepatic 

disease is stable or can be subsequently treated by 

some other means. Liver rupture is a contraindication 

for TACE as there is the increased risk of worsening 

liver rupture with the potential for extravasation [25]. 

An adequate amount of residual uninvolved liver 

must be present. What constitutes an adequate amount 

of uninvolved liver is open to question. Replacement 

of more than 75% of the liver by tumour is considered 

a contraindication [26]. The functional status of the 

uninvolved liver is probably of greater significance 

[25]. What constitutes a safe bilirubin level to allow a 

safe TACE procedure varies in the literature between 

34 moles/1 (2 mg/dl) [26] to 50 moles/1 (3 mg/dl) [25]. 
Serum markers, a-fetoprotein have often been perfor- 

med as part of the diagnostic process and are of use in 

monitoring the therapeutic response. 
Knowledge of any previous therapy is important 

including any previous or regional therapies, total do- 
ses and lifetime limits of drugs such as doxorubicin and 
any complications or side effects the patient may have 

experienced. For example, dose-dependent cardiomyo- 

pathy is seen is as many as 30% of patients who have 
received a total dosage of doxorubicin of 550 mg/m 2 

[27]. 
Any decision to treat HCC with TACE should be ta- 

ken in the context of a Multidisciplinary Team Mee- 

ting, where input by surgeons, physicians, oncologists, 

radiologists, histopathologists and nurse specialists can 

occur into the management of the patient such that the 

most appropriate treatment plan is instigated. 

31.4. Technique 

31.4.1. Patient Preparation 

Patients undergoing a TACE procedure should be well 

hydrated with intravenous fluids if necessary - one 

regimen being 500 ml of dextrose saline pre-procedure 

followed by 100 ml/hr for 24 hours or longer, if there is 

delay in resuming full oral intake [25]. Pre-procedure, 

broad-spectrum antibiotics are administered intrave- 

nously. Infection is one of the potential complications 

of a TACE procedure and there is a greatly increased 

risk of infective complications if there has been pre- 

vious intervention on the biliary tree (endoscopic sphin- 

cerotomy, stent insertion or biliary bypass surgery) 

where there is likely to be bacterial colonisation. A 

more prolonged course of antibiotics should be consi- 

dered in these instances. 

The procedure is performed under conscious seda- 

tion and intravenous pain relief. 

31.4.2. Chemotherapeutic Mixture 

There is no consensus on the best chemoembolisation 

protocol. Doxorubicin was the chemotherapeutic agent 

used by the Barcelona Liver Group whereas the Lo et 

al used Cisplatin [13]. In the United States combina- 

tions of Doxorubicin with Cisplatin and Mitomycin ha- 

ve been used [7]. 
The chemotherapy used is mixed with lipiodol 10- 

20 ml and 10 ml of water-soluble contrast material. As 

the materials are of different densities and consisten- 

cies they have to be vigorously mixed to produce an 
emulsion. The mixture is quite viscous and can be dif- 
ficult to inject through micro-catheters. 

31.4.3. Angiographic Procedure 

An indication of the angiographic anatomy, particular- 

ly portal vein patency (fig. 31.4, 31.7, 31.8), can be 
obtained from previous cross-sectional imaging. How- 

ever, full angiographic assessment is required with se- 

lective injections of contrast into the celiac axis, sple- 

nic, hepatic and superior mesenteric arteries. With pe- 

ripheral or very large lesions there is the possibility of 

parasitization of supply from other vessels such as the 

internal mammary artery, intercostal, renal and phre- 

nic arteries. The arterial anatomy needs to be stringen- 

tly assessed. There is the potential for significant varia- 



400 Chapter 31 Hepatic Chemoembolization 

Fig. 31.1. Subdiaphragmatic lesion supplied by the phrenic artery. 

Fig. 31.3. a-b: Multiple right liver lobe lesions. Catheterization of the 
right hepatic artery form the superior mesenteric artery and che- 
moembolization. 

Fig. 31.2. a-b: Embolization of Hepatocellular carcinoma supplied by 
the left hepatic and left gastric arteries. 

Fig. 31.4. A-V shunt in a HCC patient with visualization of the right 
hepatic vein. 
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Fig. 31.5. a-b: Pre and post-chemoembolization angiography. 

Fig. 31.6. a-d: Huge multifocal HCC with neoangiosis and A-V shunts. Selective catheterization and embolization. Postoperative CT scan. 
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Fig. 31.7. Liver lesion with A-V shunt between the right hepatic ar- 
tery and portal vein. 

Fig. 31.8. A-V shunt in a HCC patient with visualization of the middle 
hepatic vein. 

tions and anomalies in the upper abdominal vascula- 
ture which may require alterations in technique and 
potentially multiple sites of injection. Failure to identi- 
fy variations in the arterial anatomy can have signifi- 

cant consequences with delivery of chemotherapeutic 

material to non-target areas such as the cystic artery, 

gastroduodenal, cutaneous and phrenic capillary beds 

[28-34]. Failure to identify significant arterial variations 

will result in inadequate delivery of chemotherapeutic 

agent to the whole tumour vasculature and thus sub- 
optimal treatment. Two separate injections are requi- 
red for full treatment. Use of selective catheter techni- 
ques and co-axial catheters are necessary for the safe 

delivery of chemotherapeutic materials. Injection of 

the chemotherapeutic emulsion is usually made into 

left or right hepatic arteries or the segmental divisions 

thereof. Usually only one lobe is treated at a time. Fol- 
lowing the injection of the chemotherapy the arterial 
supply to the tumour is occluded with particulate mat- 
ter such as polyvinyl alcohol particles or spheres, em- 

bolospheres or gelfoam slurry [fig. 31.3 (a-b), 31.5 (a, 
b), 31.6. (a-d)]. A combination of different size parti- 

cles or agents may be required to obtain a satisfactory 

resuJt. The importance and relevance of various va- 

cular anomalies and arterial arrangements to liver tar- 

geted therapies has been well documented [35]. 
If the cystic artery is identified then if at all possible 

TACE is performed beyond its origin to lessen the 

chance of chemical cholecystitis. Sometimes the cystic 
artery may in fact be supplying a particular lesion that 

requires treatment. If a co-axial catheter can be mani- 

pulated to the small vessels supplying the lesion bey- 

ond those branches supplying normal gallbladder tis- 

sue, all well and good, if not TACE should be perfor- 

med proximal to the cystic artery and vigorous antibio- 

tic treatment considered to lessen the chances of signi- 

ficant chemical cholecystitis. Sometimes the neoplastic 

circulation is so profound it is impossible to identify 
the cystic artery. Coil embolisation of the cystic artery 
can be performed but increases the complexity of the 
procedure. Lipiodol may be seen in the gallbladder 

wall in up to 14% of cases post TACE but the incidence 
of chemical cholecystitis is less than 1% [25]. Coil em- 
bolisation of the origin of the gastroduadenal artery 
(GDA) can also be performed to prevent material ente- 
ring this arterial territory if injection of chemotherapy 
is to be performed in the common hepatic artery. 
However, the use of co-axial catheter systems means 
that the TACE procedure can usually be safely perfor- 
med beyond the origin of the GDA. 

The right gastric artery can arise from the proper 

hepatic artery, left, right or middle hepatic artery or 

the gastrodudenal artery. Identification with avoidance 

or coil occlusion of the origin of this vessel is required 

as gastric necrosis; ulceration and perforation have all 

been documented following inadvertent delivery of 

chemotherapeutic agent into the right gastric artery 

[36,37]. 
The superior portion of the posterior pancreatico- 

duodenal arcade most commonly arises from the GDA 
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(78%) but can arise from branches of the hepatic artery 

(15%). Again identification and avoidance of these 

vessels may prevent therapy induced pancreatitis [38] 

and duodenal damage [39]. 

The falciform artery may arise from one of the he- 

patic arteries and course in the falciform ligament 

towards the umbilicus. Delivery of embolic agent into 

the terminal branches of the falciform artery has been 

correlated with the development of supraumbilical 

skin rash, epigastric pain and skin necrosis [33, 40, 41]. 

Peripheral tumours or extracapsular spread of tu- 

mour may parasitize blood supply from other vessels 

[fig. 31.1, 31.2 (a-b)]. The right inferior phrenic artery 

is the most common source of extra hepatic parasitiza- 

tion in those cases of HCC that have undergone pre- 

vious TACE [35]. Chemoembolisation of this vessel is 

possible but it is noteworthy that the inferior phrenic 

artery will also supply the diaphragm, oesophagus, in- 

ferior vena cava and retroperitoneum. If at all possible 

as selective an injection into the tumour vasculature 

should be performed. The same applies for angiogra- 

phic treatment of the internal mammary and interco- 

stal arteries to avoid collateral tissue damage. 

It is noteworthy that many of the documented 

instances of complications have followed intrarterial 

infusional chemotherapy through a surgically implan- 

ted port/catheter system rather than following TACE. 

It is possible that this is due to inadvertent migration of 

the delivery catheter tip with subsequent non-target 

delivery of the chemotherapy. In addition, chemothe- 

rapy delivery is monitored with fluoroscopy during 

TACE when any changes in flow dynamics can be swif- 

tly identified. This is not the case with intrarterial in- 
fusional chemotherapy. 

Flow dynamics during TACE is important and needs 

to be constantly monitored. At the start of the TACE 

procedure there should be rapid forward flow of 

material. If flow is poor, this may be an indication of 

arterial spasm. This is less likely with the use of small 

diameter co-axial catheters. The possibility of arterial 

blood flow slowing during the course of the TACE pro- 

cedure with potential reflux of material into non-target 

arterial territories always needs to be given due consi- 

deration. MAA (macro-aggregated-albumin) arteriogra- 

phy has demonstrated reversal of flow in the main he- 

patic artery 4 hours post liver embolisation with nor- 

malisation in 24hrs [42]. Thus, there is a theoretical 

possibility of reflux of material into non target areas 

and that the angiographic end point may not be an ab- 

solutely true reflection of the final distribution of the 

chemotherapeutic material. A prolonged or severe post- 

embolisation syndrome may indeed reflect non-target 

distribution of chemotherapeutic material [35]. This 

situation is only likely to occur where there has been a 

vigorous chemoembolisation procedure performed 

with complete obliteration and occlusion of the hepa- 

tic artery branches. Embolisation should not be perfor- 

med to complete stasis. Some forward flow should be 

preserved in the embolised arteries [25]. 

If the Portal vein is occluded, TACE can still be per- 

formed but there should be a modification of techni- 

que with reduction in the dosage of the chemothera- 

peutic agent by up to 50% and consideration given as 

to whether to forego the embolic occlusion of the sup- 

plying arteries. If the patient tolerates this less aggres- 

sive procedure with no ill effects then a more substan- 

tial TACE procedure can be performed at a subsequent 

treatment session. 

It is not absolutely certain how many TACE ses- 

sions should be performed in the same patient. Multi- 

ple sessions appear to be associated with better survi- 

val [43-46]. At least 3 sessions at 6 weekly intervals 

should be considered in each patient as different liver 

areas and arterial territories may require treatment at 

each individual session. However, there is no definiti- 

ve evidence as to what constitutes the optimum num- 

ber of treatment sessions. 

31.5.  POSt Procedure  

Patients Witl invariably have a "post-embolisation" syn- 

drome constituting right upper quadrant pain and ten- 

derness, fever, influenza-like symptoms and mild tem- 

perature. Pain relief anti anti-emetics are mandatory. 

These symptoms usually abate in 2-3 days. 

There may be some worsening of hepatic function 

post TACE, with increases in serum bilirubin and trans- 

aminases, ascites or development of hepatic encepha- 

lopathy [31, 47]. Some of these phenomena may be 

due to tumour lysis or the effects of the chemotherapy 

on the non-tumour containing liver. These effects are 

usually transient and disappear within 2-3 weeks, the 

liver function returning to its pre-treatment status [47, 
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48, 49]. These side effects of TACE are less pronoun- 

ced following repeat procedures [50]. 

Urine output and renal function are monitored as 

hepatorenal syndrome can occur post TACE. 

Patients are discharged once the post-embolisation 

syndrome has settled or controlled on simple analgesics. 

Follow-up imaging constitutes non-enhanced CT 

scan at 1 day to assess the distribution of lipiodol, in- 

cluding any possible extra-hepatic deposition. Further 

scans are obtained at 1 month, 3 months, 6 months and 

1 year [25] [fig. 31.9 (a-c)]. The purpose of these scans 

is to' assess the size and appearance of treated lesions, 

presence of untreated areas, the identification of new 

lesions or spread and the overall appearance of the li- 

ver. The pattern of follow-up scanning may vary in ti- 

ming depending on clinical factors or subsequent 

treatment sessions. 

The tumour marker a-fetoprotein, if elevated pre 

TACE, provides a non invasive method of assessing tu- 

mour response. Falling serum levels would indicate a 

good therapeutic response whereas subsequent rising 

levels would be a sign of tumour recurrence, develop- 

ment of new lesions or metastatic spread. 

Fig. 31.9. a-c: The Patient underwent consecutive sessions of chem- 

moembolization. 

31.6. Complications 

31.6.1. Liver/Cardiac/Renal Failure 

Severe liver failure can lead to a hepatorenal syndro- 
me, which can be a consequence of the severity of the 

underlying liver disease and the contrast load. Severe 

liver dysfunction (Child-Pugh C) and renal impairment 

are relative contraindications to TACE. Maintenance of 

good hydration throughout the procedure lessens the 

risk of such an event. The mortality from TACE can va- 

ry between 1-3%, many of these deaths being related 

more to the underlying liver disease rather than the li- 

ver tumour itself. 

51.6.2. Liver Infarction 

It is to be hoped that the procedure will result in signi- 

ficant ischaemia of treated lesions. Severe liver ischae- 

mia or infarction is only likely to occur with over vi- 

gorous TACE in the presence of portal venous occlu- 

sion. 
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31.6.3. Infection 

Imaging of the liver post TACE may well demonstrate 

gas in a treated, necrotic lesion but this is not necessa- 

rily a sign of infection. It can be a normal finding. Cli- 

nical signs of sepsis should be a pointer to further eva- 

luation. 

31.6.4. Biliary Necrosis/Biloma 

The blood supply to the biliary tree is via a micro- 

scopic peribiliary network of vessels that is never vi- 

sualised. However, it can be damaged in the course of 

a vigorous TACE procedure. Predisposing factors for 

this and other intrahepatic infective complications is 

the presence of biliary dilatation and previous biliary 

intervention or surgery [51, 52, 53]. Biliary complica- 

tions remain a relatively rare event following TACE due 

to the diversity of supply to the biliary tree which inclu- 

des supply from arteries other than the hepatic artery. 

31.6.5. Extrahepatic Deposition 
of Chemotherapeutic Material 

Lipiodol may be demonstrated at CT in sites other than 

the liver, including the lungs, gallbladder and stomach. 

Hepatocellular carcinomas may be highly vascular 

with significant arteriovenous shunting, both into the 

portal venous system and hepatic venous system. 

Chemoembolic material may be deposited in the 

portal vein, particularly if there is tumour ingrowth in- 

to a portal venous branch. Lipiodol entering the syste- 

mic circulation may be deposited in the lungs. This ra- 

rely causes problems but the deposition of large amounts 

has been associated with pulmonary infarction [54]. It 

is more likely that atelectasis at the lung bases post- 

procedure is due to splinting of the diaphragm and poor 

lung expansion as a result of pain post procedure. 

Gastric uptake is demonstrated as lipiodol follo- 

wing the line of the gastric mucosa. This is uncommon 

(1% of cases) and usually of no significance [55]. 

However, it has been associated with peptic ulceration 

[39, 56]. Deposition of material in the arterial supply to 

the pancreas may result in post procedure pancreatitis 

[38]. Even though the deposition of material in the sto- 

mach post TACE may not be of significance, this is cer- 

tainly not the case with SIRT where even small quan- 

tities of the radioactive microspheres in an extra-hepa- 

tic location may be associated with symptomatology. 

Prophylatic proton pump inhibitors should be conside- 

red to lessen the risks of gastric complications in any 

liver directed therapeutic procedure. As previously 

mentioned, gallbladder infarction may occur as a result 

of TACE. 

As there is the potential for extra hepatic deposi- 

tion of chemotherapeutic material, there is therefore 

the potential for systemic effects of chemotherapy. Pa- 

tients should be made aware that though TACE is a li- 

ver-directed therapy there is the potential for systemic 

side-effects such as hair loss and effects of chemothe- 

rapy on the haemopoietic system. 

These effects are likely to be much tess severe when 

compared to systemic chemotherapy. 

31.7. COnclusion 

Transarterial chemoembolisation is now an establi- 

shed technique for the treatment of non-resectable 

liver tumours, particularly hepatocellular carcinoma. It 

is not only associated with a definite increase in survi- 

val but also an increase in the quality of life. Someti- 

mes a very gratifying response can be obtained allo- 

wing a more definitive treatment option to be instiga- 

ted {56]. Though TACE can be used to treat HCC in the 

presence of portal vein thrombosis using a modified 

technique, there is no data to show whether there is an 

increased survival in these circumstances. 

There are still some unanswered questions to this 

procedure, such as what constitutes the best chemothe- 

rapy regimen and the best means of its delivery. New 

concepts in delivery are being developed such as drug 

eluting beads that are based on polymer technology to 

provide a means of localized delivery with controlled 

and sustained release of the chemotherapeutic material 

in the tumour bed and increased killing efficiency. 

There is reduced plasma concentrations and thus redu- 

ced systemic toxicity. Other potential means of delive- 

ry include microspheres and nanoparticles. New drugs 

are also being developed that target tumours more 

specifically at molecular level rather than any rapidly 

dividing cell, leading to increased specificity and less 

systemic effects. Targets being evaluated include genes 

(aberrant p53, c-myc, BH4), receptors (glut, EGFR), 

antibodies (VEGF) and enzymes (GTP inhibitors and 
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ATP inhibitors). There is a potential for a very intere- 

sting future in the field of interventional oncology. 
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SELECTIVE INTERNAL RADIATION THERAPY (SIRT) 
IN THE MANAGEMENT OF LIVER TUMOURS 

32a. Selective Internal Radiation 
therapy 
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32a.1.  Introduct ion 

Primary and secondary liver tumours are common ma- 

lignancies associated with unsatisfactory treatment and 

bad prognosis. Hepatocellular carcinoma (HCC) ranks 

among the 10 most common cancers worldwide and is 

the most common primary malignancy of the liver. 

The geographic distribution of HCC is clearly related 

to the incidence of hepatitis B virus (HBV) infection with 

the highest incidence in Southeast Asia and tropical 

Africa. 

However, the most common malignant tumours of 

the liver are metastatic. The liver is a common site of 

metastases from gastrointestinal tumours, due to disse- 

mination via the portal venous system. The most rele- 

vant metastatic tumour of the liver is colorectal cancer, 

but other metastases from organs such as lung, prosta- 

te, breast, pancreas, stomach, kidney, cervix, and ova- 

ry can also end up in the liver. 

There are a number of treatment options for pa- 

tients with primary or secondary liver tumours. Surgi- 

cal resection is considered the treatment of choice if 

liver functional reserve is adequate. The post resection 

5-year survival in HCC is around 50% but the majority 

of patients are not candidates for resection because of 

advanced tumours and efforts have been directed to- 

ward the development of non-surgical therapeutic o- 

ptions [1]. Indeed only 5-10% of patients with meta- 

static deposits are candidates for potentially curative li- 

ver resection. 

External beam radiation therapy (EBRT) has a limi- 

ted role in the treatment of HCC, although occasional 

dramatic responses are seen. EBRT is limited by damage 

to normal liver parenchyma and to surrounding organs. 

Systemic chemotherapy with a variety of agents has 

been ineffective for the treatment of HCC. Response 

rates are generally under 20% and of short duration. 

Systemic chemotherapy is also ineffective as a sole the- 

rapy for hepatic colorectal metastases, with median 

survivals of around 12 months and partial response ra- 

tes of 20% to 30% [2]. Adjuvant systemic chemothera- 

py after liver resection for metastatic colorectal cancer 

is often given but is not supported by prospective trials. 

Percutaneous ethanol injection (PEI) induces tumour 

necrosis by cellular dehydration, protein denaturation, 

and thrombosis of small vessels and can be done as an 

outpatient procedure under local anaesthesia but is as- 

sociated with high incidence of recurrence. Cryothera- 

py has been used for the treatment of liver tumours 

since the 1980s, with the initial experience mainly in 

patients with metastatic disease [3]. Rapid freezing to 

sub-zero temperature leads to ice formation in the ex- 

tracellular space and drawing of water from the cells, 

causing cellular damage by dehydration and destruction 

of the normal cellular structures. Cryotherapy is most 

effective for tumours smaller than 5 cm, although lar- 

ger tumours can be treated by multiple probes inserted 

simultaneously [4]. 

Microwave coagulation therapy (MCT) is a form of 

thermo-ablative treatment in which tissue necrosis is 

induced by the heating effect of microwaves and crea- 

tes a more predictable and reproducible area of tissue 

necrosis and can ablate the tumour capsule as well as 

surrounding extracapsular invasion. Laser is another 

method of interstitial therapy for liver turnouts that 

causes tissue destruction by hyperthermic coagulative 

necrosis. Similar effect can be achieved with radiofre- 

quency ablation (RFA)using high-frequency alternating 

current. 

Hepatic arterial infusion chemotherapy utilizing 5- 
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fluorouracil-based compounds, cisplatin and doxorubi- 

cin has been studied in limited numbers. Response ra- 

tes of 25% to 60% have been reported, but the require- 

ment of a laparotomy to place the pump and associa- 

ted hepatic toxicity limits the applicability of this ap- 

proach. Percutaneous transarterial embolization can in- 

duce ischemic necrosis in liver tumours, resulting in 

response rates as high as 50%. Attempts to improve the 

efficacy of arterial embolization have included adding 

chemotherapeutic agents (chemoembolization) to the 

embolization particles and oils such as Lipiodol that 

are selectively taken up by HCC (TACE procedure). 

The role of orthotopic liver transplantation is con- 

troversial and is limited by the need for chronic immu- 

nosuppression as well as the lack of organ donors. 

32a.2. Selective Internal Radiation Therapy 

The concept of selective internal radiation therapy 

(SIRT) is based on delivering a high dose of localized 

radiation to tumour cells with minimal effect on adja- 

cent healthy tissue. This can be achieved by the use of 

radiolabelled microspheres that are trapped in the mi- 

crovasculature of tumours to deliver long-term radia- 

tion effect. Unlike other cancer treatment modalities 

(radiotherapy and chemotherapy), the undesirable 

effect on surrounding healthy tissue and other body 

organs and systems would be reduced to a minimum. 

There are two types of microspheres: glass beads 

(e.g. TheraSphere) and resin beads (SIR-Sphere). Glass 

microspheres have a mean diameter of 20-30 m, while 

resin microspheres have diameters of 20-40 m [5]. 

These microspheres are not metabolised or excreted 

but merely remain in the liver as a permanent implant 

delivering a target dose in excess of 100 Gy. After 10- 

14 days, they are no longer radioactive. 

Our experience is based on the use of SIR-Spheres 

(Sirtex, Sydney, Australia), a radiopharmaceutical com- 

bining Yttrium-90 (90y) to resin biocompatible micro- 

spheres. 90y is a high-energy pure beta-emitting isoto- 

pe with no primary gamma emission. It emits beta par- 

ticles with a maximum energy of 2.27 million electron 

volt (MeV) and a mean energy of 0.93 MeV. The beta 

particles will travel with a maximum range in tissue of 

11 mm (mean range 2.5 mm). The half-life of 90y is 

64.2 hours with an effective treatment time of 92.3 

hours. In therapeutic use, 94% of the radiation is deli- 

vered in 11 days. In addition, the secondary Brems- 

strahlung radiation of 90y can be used advantageously 

after the delivery of SIR-Spheres to map their distribu- 

tion in the body by imaging the patient with a gamma 

camera. 

Therapy with SIR-Spheres has so far been exclusi- 

vely used to treat primary and secondary liver tu- 

mours. It has been demonstrated that malignant liver 

tumours derive 95% of their blood supply from the he- 

patic artery, whereas only 25-30% of the blood supply 

of normal parenchyma is from the hepatic artery [6], 

the rest coming from the portal vein. This has been de- 

monstrated using CT and carbon dioxide microbubble 

ultrasound [7-8]. It has also been shown that the distri- 

bution of many therapeutic agents introduced through 

the hepatic artery concentrates around the tumour sites 

[91. 
The delivery of SIR-Spheres requires catheteriza- 

tion of the hepatic artery either via a trans-femoral ca- 

theter or a surgically implanted hepatic artery port 

with catheter. Once delivered, the microspheres are 

trapped (and remain so permanently) in the microva- 

sculature of tumours. As the penetration distance of the 

beta radiation emanating from SIR-Spheres is short, 

there is little radiation effect on the normal liver. The 

permanent residence of the spheres in the vascular 

network of the tumours (following the decay of 90y) 

has been shown to exert no adverse reactions or 

mutagenic effect as resected liver tissue adjacent to SIR- 

Spheres have been shown to remain healthy. The lon- 

gest survival time following SIR-Spheres has been 14.5 

years in a patient with a single liver metastasis from colo- 

rectal cancer (personal communication with SIRTEX). 

32a.3. Indications for SIR-Spheres Therapy 

SIR-Spheres are indicated for use in the treatment of 

malignant liver tumours of primary or secondary ori- 

gin that are not suitable for resection with curative in- 

tent. If all macroscopic evidence of tumour can be re- 

sected while maintaining sufficient normal parenchy- 

ma to sustain life, then surgery is adopted. However, a 

proportion of patients will be considered unsuitable 

for surgery and more likely to benefit from SIRT, for a 

variety of reasons including: 
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A. Multiple liver metastases with involvement of both 

lobes such that resection would require removal of 

more liver tissue than is necessary to sustain life. 

B. Turnout invasion of the hepatic confluence when 

surgery could compromise the three hepatic veins 

entering the inferior vena cava. 

C. Tumour invasion of the porta hepatis such that 

neither origin of the right or left portal veins could 

be preserved if resection were undertaken. 

32a.4. Contraindications 

SIR-Spheres therapy is contraindicated in the following 

conditions: 

A. History of external beam radiotherapy. 

B. Ascites or severely abnormal liver function tests sug- 

gesting clinical liver failure. 

C. Hepatopulmonary shunt greater than 20%. 

D. Pre-assessment angiogram demonstrating significant 

reflux of hepatic arterial blood to the stomach, pan- 

creas or bowel. 

E. Disseminated extrahepatic disease. 

32a.5. Patient Selection 

The selection of patients for SIR-Spheres is best made 

within a multidisciplinary team (MDT) discussion whe- 

re clinical details, laboratory and imaging data along 

with histopathological analysis are reviewed by hepa- 

tobiliary surgeons, oncologists, histopathologists, ra- 

diologists, and nuclear medicine physicians. SIR-Sphe- 

res can be used alone but has also been used in combi- 

nation with both systemic and hepatic perfusion che- 

motherapy [10-12]. Patient selection is critical in achie- 

ving a benefit from the use of SIR-Spheres and since 

there are no data to suggest they are curative, efforts 

should be made to ascertain that the tumour(s) are not 

amenable to resection with curative intent as demon- 

strated with a triple phase contrast enhanced CT scan 

or MRI. 

Therapy with SIR-Spheres is not specific to any par- 

ticular cell type and has been used primarily in meta- 

static disease from adenocarcinoma arising from the 

bowel. However, its mode of action allows for use in 

patients with liver metastases from primary tumours at 

other sites. In our own experience, SIR-Spheres can be 

used in the treatment of a wide range of metastatic li- 

ver disease including metastasis from unknown prima- 

ry. Likewise, it can be used in primary hepatobiliary 

tumours such as HCC and cholangiocarcinoma (CC). 

Renal and hepatic function as well as tumour mar- 

kers should be assessed to establish baseline values for 

follow-up. Seriously ill patients, or those with compro- 

mised liver function, may not tolerate radiation thera- 

py or handle concurrent chemotherapy and should be 

ruled out. 

Since SIR-Spheres are a form of loco-regional treat- 

ment only and have no beneficial effect on extrahepa- 

tic metastases, assessment of the presence or absence 

of such metastases is mandatory with CT and positron 

emission tomography (PET) before administration. On 

rare occasions, and particularly when the liver tumours 

are considered the immediate life threatening event, 

treatment with SIR-Spheres may still be indicated in 

the presence of minimal extrahepatic disease. 

SIRT is generally administered only once, either a- 

lone or in combination with reduced dose chemothe- 

rapy, originally with 5-fluorouracil (5FU)and  more 

recently in combination with oxaliplatin as "FOLFOX" 

[12]. Occasional patients may benefit from repeated 

SIRT treatment as in cases where the turnout progres- 

ses again, but is still largely confined to the liver. 

32a.6. Diagnostic Angiography 

Once a patient is selected for SIR-Spheres therapy, a 

diagnostic visceral angiogram is performed for the fol- 

lowing purposes: 

A. To assess the visceral arterial anatomy and identify 

any vessels that may potentially result in microsphe- 

res being diverted to non-target organs. These ves- 

sels may require embolisation to prevent microsphe- 

res reaching those non-target organs. 

B. To assess the vascular supply to the liver. There may 

be discrete, separate vessels supplying the liver, 

which would mean multiple injections to achieve 

uniform distribution of microspheres throughout the 

liver parenchyma. With embolisation of carefully 

selected vessels, the blood supply to the liver can be 
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altered with intrahepatic collaterals developing to 

supply the territory of previously occluded vessels. 

The vascular supply is thus modified to allow a sim- 

pler injection technique with regard to the radiola- 

belled microspheres. The strategies A and B can be 

construed as preparing the field for the injection of 

radiolabelled microspheres. 

To inject radiolabelled 99mTc-MAA (Macroaggrega- 

ted albumin) as a means to assess the presence and 

degree of hepatopulmonary shunt into the systemic 

circulation. 

The right gastric artery and the accessory left ga- 

stric artery may arise from the hepatic artery. Micro- 

spheres entering these angiographic territories can re- 

sult in gastric and duodenal ulceration. The hepatic fal- 

ciform artery has been reported as arising from the he- 

patic artery. Material entering this artery may cause da- 

mage to the periumbilical tissues [13]. Rigorous assess- 

ment of these and other vessels such as the gastroduo- 

denal and peripancreatic arteries must be performed 

and coil embolisation/occlusion of vessel origins un- 

dertaken to increase the safety of microspheres inje- 

ction [14]. However, despite all these methods to im- 

prove the safety of the procedure, there is still the re- 

quirement, on the part of the operator, for experience 

in angiographic techniques particularly in co-axial ca- 

theter utilization as usage of these particular catheters 

may be the only means by which a satisfactory point 

can be reached to safely inject the microspheres. 
As a result of the complex embryological origins of 

the liver and biliary tree, there may be multiple arte- 

ries contributing to the supply of the liver, arising from 

the aorta, celiac axis and superior mesenteric artery. 

The classic arterial pattern is demonstrated in 57-61% 

of the population [15]. Consequently, there may be a 

necessity to inject microspheres into multiple vessels 

to treat the full tumour load. However, by selective 

embolisation of some of these variant vessels the deve- 

lopment of intrahepatic collaterals can allow simpler 

injection techniques and yet uniform distribution of 

microspheres throughout the liver parenchyma. In 

addition to the anatomy, the flow characteristics of va- 

rious vessels require attention both before and during 

the procedure. Occasionally flow characteristics can be 

of benefit, such as reversal of flow in the gastroduode- 

nal artery as this can act as protection for the tissues in 

that arterial territory. However, as the microspheres 

exert an embolic effect the flow must be continually 

assessed during the procedure as flow characteristics 

may alter with subsequent risk of inadvertent emboli- 

sation of microspheres to non-target tissues [14]. 

32a.7. Assessment of Hepatopulmonary Shunt 

In about 3% of patients with liver tumours, there will 

be significant hepatopulmonary shunting resulting in 

more than 10% of the SIR-Spheres delivered into the 

hepatic artery passing through the liver and lodging in 

the lungs. Measurement of this hepatopulmonary shunt 
is essential for ensuring the suitability of the procedure 

and calculating the administered dose. This is done, at 

the same time as the diagnostic angiogram by injecting 

100 MBq Technetium-99m-macroaggregated albumin 

(99mTc-MAA) through the hepaticartery catheter. This 

radiopharmaceutical is used routinely in the detection 

of pulmonary embolic disease and is made of biode- 

gradable particles that would normally be caught in the 

microvasculature mesh. In the presence of detectable 

hepatopulmonary shunts, a proportion of the micro- 
spheres would bypass the hepatic capillaries and end 
up in the pulmonary capillary mesh. Using a gamma 

camera, the amount of 99mTc-MAA in the lung can be 
quantitated and compared to the injected dose, allo- 

wing for calculation of the hepatopulmonary shunt. 
Administering SIR-Spheres in the presence of a si- 

zable shunt will have the adverse effects of causing a 

heparin-resistant thromboembolic incident coupled 
with severe radiation pneumonitis. A shunt greater than 
20% is a strong contraindication to SIR-Spheres thera- 

py. 

32a.8. Dose Calculation and Delivery 

Several factors contribute to the calculation of the ad- 

ministered dose of SIR-Spheres, including the toleran- 

ce of the liver to ionizing radiation, the magnitude of 

liver involvement and the degree of hepatopulmonary 

shunt. The relative proportions of SIR-Spheres that lod- 

ge in the tumour and normal liver may vary widely 

between patients but generally the greater the bulk of 

tumour within the liver then the greater the relative 
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proportion of hepatic arterial blood flow, and conse- 

quently a greater proportion of SIR-Spheres that will 

flow to the tumour as opposed to the normal liver pa- 

renchyma. The administration of vasoactive agents has 

been shown to shunt arterial blood away from the nor- 

mal liver parenchyma and into the tumour [16-17]. 

The practical method of dose calculation uses a 

standard amount of activity that is varied only accor- 

ding to the size of the tumour within the liver (table 

32a.1). This is further modified according to the seve- 

rity of hepatopulmonary shunt. Normally the latter is 

less than 10%, but whenhigher  shunts are encounte- 

red, the administered dose of SIR-Spheres is reduced 

as shown in table 32a.2. 

Once a dose has been calculated, the patient is ta- 
ken to the angiography suite and injection of radiola- 

belled microspheres is performed under strict radia- 

tion protection measures. The input of Medical Physics 

personnel is essential. The injection of the microsphe- 

res is from a closed vessel, driven through the delivery 

catheter by water for injection. The microspheres are 

not radiopaque; hence there is a requirement to check 

the status of the arterial tree by intermittent injections 

of contrast. A valve system in the injection vessel and 

connecting tubing allows the switching from injection 

of microspheres to that of contrast without disconne- 

cting the system from the delivery catheter. 

Once delivery iscompleted, the patient is transfer- 

red to the nuclear medicine department and imaged 

with a gamma camera to document the distribution of 

the SIR-Spheres using the Bremsstrahlung emissions 
from 9Oy. 

32a.9. Adverse Reactions 

Abdominal pain and fever are generally experienced 

after administration of SIR-Spheres and may last from a 

few days to a week. The fever may be related to the 

embolic and toxic effect of the microspheres on the tu- 

mour. Many patients will experience nausea that may 

last up to several weeks and this may require anti-eme- 

tic medication. 

Pain that does not remit may suggest that the mi- 

crospheres have lodged in an organ other than the li- 

ver such as the pancreas, gallbladder or stomach cau- 

sing pancreatitis, acute cholecystitis and peptic ulcera- 

tion respectively [18]. The risk is minimised with care- 

ful embolisation of the visceral arteries before admini- 

stration of microspheres to the liver. However, there is 

also documented evidence of reversible gastritis and 

duodenitis without imaging or biopsy evidence of ex- 

trahepatic deposition of microspheres [19]. Prompt in- 

vestigations, including review of the 90y Bremsstrah- 

lung images, should facilitate the diagnosis. 

High levels of radiation to the lungs due to exces- 

sive shunting may lead to radiation pneumonitis that 

may require systemic corticosteroids. This should be 

avoided by not using 9°y-microspheres in patients 

with marked hepatopulmonary shunts and indeed the- 

re are no recent documented cases. 

Similarly, excessive radiation to the normal liver 

parenchyma may result in radiation hepatitis that can 
be difficult to diagnose, and may appear many weeks 

after the implantation of SIR-Spheres. The risk increa- 

ses with increased pre-treatment total bilirubin level 

and is more likely to occur where the radiation dose 

for a single administration is around 150Gy [20]. 

In our own experience, treatment with SIR-Spheres 

is well tolerated with very few complications. Over the 

last 2 years, we carried out 22 procedures in 21 pa- 

tients with advanced hepatic primary and secondary 

tumours. We encountered four cases of complications, 

including one cholecystitis and port.al hypertension, 

one peptic ulcer and two cases of radiation hepatitis. 

All complications resolved with appropriate measures. 

Of the six patients who received SIR-Spheres therapy 
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18-24 months ago, three are still alive. The safety of 

SIR-Spheres in pregnancy or children has not been 

established. 

32a.10. Clinical Experience with SIRT 

Initial trials of glass microspheres demonstrated that 

doses of up to 100 Gy were well tolerated and that tu- 

mour response was only seen at higher absorbed doses 

[21-22] and even at doses greater than 100 Gy [23]. 

Patients who received absorbed doses of 47-270 Gy 

showed survival times similar to those of chemoembo- 

lisation [24]. Lau and colleagues showed that the non- 

tumourous liver appeared more tolerant to internal ra- 

diation than external beam radiation and downstaging 

of tumours allowed lesions in 4/71 patients to become 

amenable to surgery [25]. 

The distribution of the SIR-Spheres has been stu- 

died in four explanted whole livers [26] demonstrating 

preferential and heterogenous deposition of microsphe- 

res at the edge of tumour nodules compared to the 

central portion and normal liver parenchyma. The sa- 

me study confirmed a radiation dose delivery to the 

tumour ranging from 100-3000 Gy. 

Clinical studies have shown therapy with 9°y-mi- 

crospheres to be well tolerated and effective. One large 

series [27] reported on the outcome over 4 years of 43 

patients with hepatocellular carcinoma treated with 

9°y-microspheres and showed a tumour response in 

79% in terms of reduction of size and/or necrosis with 

a median survival time of 24.4 months and 12.5 months 

by Okuda scores of I and II respectively. Quality of life 

in patients with hepatocellular carcinoma showed mo- 

dest improvement following treatment with 9°y-mi- 

crospheres at 6-month follow-up with better functional 

well-being when compared to patients treated with 

hepatic arterial infusion of Cisplatin [28]. A good re- 

sponse has also been shown in cholangiocarcinoma. In 

a study of 23 patients with unresectable nodular cho- 

langiocarcinoma, a response rate of 90% was demon- 

strated by PET and localized recurrence was treated 

successfully with radiofrequency ablation [29]. 

In trials of patients with colorectal metastases recei- 

ving 9°y-microspheres, 10 of 14 patients receiving do- 

ses of up to 100 Gy experienced no progression over 7 

months [30]. The same authors looked at a larger co- 

hort of 37 patients with colorectal metastases; of whom 

22 had beneficial effects at 4 months and 15 with diffu- 

se liver involvement on CT had unchanged scans [51]. 

At doses of 150 Gy, more than 50% patients experien- 

ced no progression including patients who did not re- 

spond to chemotherapy [32]. 

Survival times have been shown to increase follo- 

wing treatment with SIR-Spheres. Lau and colleagues 

investigated 18 patients with inoperable hepatocellular 

carcinoma who received variable doses of SIR-Spheres 

[53]. All patients showed reduction of turnout marker 

of 41% to 0.2% of the pretreatment level. However, 

tumour regression was found to be dose related with 

progressive or static disease occurring in a higher pro- 

portion in patients whose turnouts received < 120 Gy. 

Survival was better in those whose turnouts received 

>120 Gy (median survival = 55.9 weeks) than those 

whose tumours received lower doses (median survival 

- 26.2 weeks). The same group looked at outcomes in 

82 patients treated with SIR-Spheres and found that a 

lower pre-treatment level of alpha fetoprotein and 

higher turnout-to-normal uptake ratios of yttrium-90 

favoured longer survival, with 38% of those patients 

survived in excess of 1 year [34]. 

Clinical trials in patients with unresectable colore- 

ctal metastases treated with SIR-Spheres showed a fall 

in CEA in all 26 patients in whom serial CEA measu- 

rements were undertaken and a decrease in turnout 

volume on CT in18 of 22 patients. In 48% of patients, 

the decrease in tumour volume was more than 50% 

and the authors concluded that SIR-Spheres therapy 

resulted in a high rate of turnout regression in patients 

with colorectal liver metastases [35]. Similar results 

where found in 38 patients showing that 9°y-micro- 

spheres was well tolerated and achieved good liver re- 

sponses with survival being determined by the deve- 

lopment of extra hepatic disease [36-37] and that survi- 

val at one year in patients with colorectal metastases 

receiving SIR-Spheres was 67% with a median survival 

of 17.5 months [38]. 

SIR-Spheres also produce a favourable outcome 

when used in combination with chemotherapy [10-12, 

39]. Combination therapy with fluorouracil/leucovorin 

increased time to disease progression in patients with 

colorectal liver metastasis from 3.6 to 18.6 months and 

increased survival from 12.8 to 29.4 months [11]. Ano- 

ther study of 74 patients with inoperable liver metasta- 
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ses concluded that the partial and complete response 

rate for patients receiving SIR-Spheres plus chemothe- 

rapy was significantly greater than for chemotherapy 

alone. The survival rate at one, two, three and five 

years was 72%, 39% 17% and 3.5% compared to 68%, 

29% 6.5% and 0% for combination therapy and che- 

motherapy alone respectively [10]. Even after multiple 

chemotherapy regimes for advanced unresectable co- 

lorectal metastases, treatment with SIR-Sphere has in- 

duced a favourable response [39]. 

32a. 11. Follow up after 9°y-microsphere 
Therapy 

Assessment of response to SIRT is commonly perfor- 

med by clinical examination supplemented with tu- 

mour markers and various imaging procedures. Lau 

and colleagues have shown a reduction of tumour mar- 

kers in all patients receiving SIR-Spheres of up to 41% 

of pre-treatment levels [33]. However, reduction in tu- 

mour markers may not reflect the true response in the 

treated area, since untreated liver metastasis and extra- 

hepatic deposits may contribute to a stable or rising tu- 

mour marker levels. 

Imaging plays a major role in following up the res- 

ponse to therapy. CT is the standard tool demonstra- 

ting changes in anatomical details of the metastatic le- 

sions, with the earliest being a reduction in attenuation 

of lesions that can be diffuse or heterogenous depen- 

ding on the delivered dose, and can be seen at 8 weeks 

following treatment but were noted to diminish after 

16 weeks [40]. Later changes include reduction in the 

size and number of metastases, though simple measu- 

rement of orthogonal diameters is insensitive because 

of the presence of necrosis, edema, hemorrhage, and 

cystic changes [41]. The RECIST criteria have been 

established to monitor response to chemotherapy and 

are based on changes in the size of tumour. However, 

it may fail to provide an accurate assessment in rela- 

tion to certain types of treatment such as laser and ra- 

diofrequency ablation as well as chemoembolisation. 

Completely necrotic lesions may not demonstrate a 

significant reduction in size [42], while discrepancy 

was demonstrated between the reduction in turnout 

size seen on CT and histopathology [43]. It is therefore 

thought that RECIST criteria might not be valid for as- 

sessment of response to SIR-Spheres therapy [29, 44]. 
Metabolic imaging with PET is more effective in 

demonstrating response to SIRT therapy at an early sta- 

ge [8, 29, 44, 45]. Wong and colleagues found a signifi- 

cant difference between the metabolic and the anato- 

mical response in eight patients when comparing FDG- 

PET with CT and MRI obtained at baseline and appro- 

ximately 3 months after treatment. The metabolic res- 

ponse was significantly greater than the response on 

CT or MRI, and the reduction in the serum CEA level 

was significantly correlated with the PET response but 

not with the CT or MRI response. The same group con- 

firmed their results in 19 patients showing significant 

reduction of hepatic metastatic load evaluated objecti- 

vely by PET [45]. Bienert and colleagues used FDG- 

PET/CT to follow up 30 liver lesions in 5 patients follo- 

wing SIR-Spheres therapy. The standard uptake values 

(SUVs) in the 30 treated liver metastases decreased from 

6.5_+2.3 at baseline to 4.2_+1.8 after the first follow-up 

PET/CT scan (p=0.001). In contrast, the SUVs of un- 

treated metastases increased slightly from 7.2_+2.3 to 

8.0_+0.8, while there was no difference in FDG uptake 

in normal liver tissue [44]. Other groups have shown 

FDG uptake to regress to normal appearance in three 

of 10 patients treated with SIR-Spheres, corresponding 

to return of tumour markers to normality while CT 

showed only a slight decrease or stable findings of he- 

patic tumor load [18]. Along similar lines, a recent stu- 
dy involving 23 patients with nodular cholangiocarci- 

noma treated with SIR-Spheres has shown a response 

rate of 90% with PET but only 45% with CT. The study 

concluded that the use of RECIST was not an adequate 
indicator of the effectiveness of this therapy, and PET 

should be the method of choice in the assessment of 

response to therapy with SIR-Spheres [29]. 

Our own unpublished data of follow up after thera- 

py with SIR-Spheres in 21 patients with liver metasta- 

ses from various primary tumours confirm the above. 
SUV measurements on PET studies before treatment 

and 6 weeks after treatment showed a reduction from 

a mean of 12.2 +/-3.7 to 9.3 +/-  3.6 (p = 0.01) while 

CT follow-up has been less reliable with the majority 

of scans being unchanged at 6 weeks. In one patient 

with liver metastasis from an unknown primary, the 

uptake in the lesions disappeared after two doses SIR- 

Spheres with SUV falling to levels similar to that of the 

surrounding normal liver (fig. 32a. 1). 
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Fig. 32a.1. Response to therapy assessed with FDG-PET following two therapy doses with SIR-Spheres in a patient with liver metastasis from a 
primary of unknown origin. 
a: Pre-therapy CT scan showing involvement of segments II, IV and VIII. 
b: CT obtained 6 weeks after first dose showing no change in size and attenuation of tumour. 
c: Pre-therapy coronal section of FDG-PET scan showing increased metabolic activity in the metastatic lesions. 
d: Coronal section of FDG-PET, 6 weeks after first dose of SiR-Spheres, showing clear reduction in tumour uptake. 
e: Coronalsection of FDG-PET scan, 6 weeks after second dose of SiR-Spheres showing no metabolic activity in tumour with uptake that 

resembles normal surrounding liver tissue. 
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3 2a. 12. Conclusion 

The in t roduct ion of selective internal radiat ion therapy 

has a d d e d  another  effective m e t h o d  for t r ea tment  of 

p r imary  and secondary  liver tumours.  The p r o c e d u r e  

requires  p r o m p t  pat ient  selection, best d o n e  through a 

mult idiscipl inary discussion, and has been  used suc- 

cessfully in a large n u m b e r  of pat ients  wor ldwide .  It is 

well  to lera ted and has minimal  adverse  effects that can 

be effectively min imized  by p rope r  pat ient  select ion 

and preparat ion,  dose  adjus tment  and delivery.  Despi- 

te being regarded  as non-curat ive,  it has been  associa- 

ted with  i m p r o v e d  survival, reduc t ion  in tumour  mar- 

ker, and regression in the n u m b e r  and size of lesions. 

Fol low up wi th  imaging is essential to assess the re- 

sponse  to therapy,  and in this respect  FDG PET has 

been  shown  to be more  sensit ive than CT, particularly 

in the early stages. 
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32b. The Use of Sirtex in Inoperable 
Liver Tumours. A Surgeon's View 

D. Zacharoulis, N.A. Habib, R. Jiao 

32b.1.  Introduction 

Over the past few years, selective internal radiation 

therapy (SIRT) has been used clinically for the treat- 

ment of non-resectable hepatic metastases in the ab- 

sence of extrahepatic metastases and in combination 

with hepatic arterial chemotherapy. The procedure 

involves using Yttrium-90 microspheres (25-35 u in 

diameter (fig. 32b.1), that are injected using a syringe 

into the hepatic artery via an access route: either a 

trans-femoral catheter or a permanently implanted he- 

patic artery port with catheter (fig. 32b.2). Once inje- 

cted, the spheres travel through the blood stream and 

target the tumour within the liver, delivering high do- 

ses of beta radiation of 0.93 MeV energy, with a maxi- 

mum 11 mm and mean 2.5 mm penetration distance 

[1, 2]. Treatment takes around 20-30 minutes and is 

delivered under mild sedation. In a randomised con- 

trolled trial of selective internal radiation therapy in 

combination with chemotherapy, patients receiving 

SIRT had improved response rates as measured by tu- 

mour area, volume and CEA in comparison to those 

patients receiving chemotherapy alone. However, evi- 

dence on survival indicated no statistically significant 

difference in the outcomes of patients receiving SIRT, 

Fig. 32b.1. Microspheres: spherical, hydrophilic, micro-porous beads 
made of an acrylic copolymer (trisacryl) which is then cross-linked 
with gelatin ranging from 40 to1200 um in diameter. 

Fig. 32b.2. Histological appearance following SIRT showing beads 
within artery, with perivascular fibrosis and necrosis. 

compared with those treated with chemotherapy alo- 

ne. More or less, this treatment modality has been in- 

creasingly adopted in recent years with a great enthu- 

siasm for management of patients with liver cancer as 

an established treatment option without a clear evi- 

dence of survival benefit and its cost implications [3]. 

32b.  1.1. Ind ica t ions  

a) Non-resectable colorectal liver metastases not suita- 

ble for any further systemic, regional or local thera- 

PY. 
b) Non-resectable HCC not suitable for any further sy- 

stemic, regional or local therapy. 

32b. 1.2. Contra-Indicat ions  

a) Any patient with uncontrolled extrahepatic disease. 

b) Extrahepatic shunt of more than 20%. 

c) Any patient with poor liver function tests. 

32b.  1.3. Procedure  

Radioactive spheres are injected using a syringe into 

the hepatic artery via a transfemoral catheter or a per- 

manently implanted port with a catheter to the hepatic 

artery. For the placement of this access port, patients 

may need to undergo a laparotomy. 
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32b.2. Results 

In a randomised  control led trial (RCT) of SIRT, in 

combinat ion with hepatic artery chemotherapy,  pa- 

tients receiving SIRT had improved  response rates, 

compared  with patients receiving chemotherapy  alo- 

ne. Response rates were  measured  by tumour area and 

volume, and carc inoembryonic  antigen levels. Eviden- 

ce on survival indicated no statistically significant 

difference in the outcomes of patients receiving SIRT 

compared  with those t reated with chemotherapy  alo- 

ne. The RCT, however ,  was s topped early and was the- 

refore insufficiently p o w e r e d  to detect  the level of in- 

crease in overall survival, which was the original aim 

of the study. Reported survival f rom time of t rea tment  

in the uncontrol led studies ranged from 9.8 to 12 

months. In many of these studies, it was not possible to 

de te rmine  whether  survival was measured  from t ime 

of diagnosis or of t rea tment  [4, 5, 6, 7]. 
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RADIOFREQUENCY ABLATION (RFA) 
OF LIVER TUMOURS 

33a. Basics of Radiofrequency 
Tissue Ablation 

L.R. Jiao, D. Zacharoulis, N.A. Habib 

33a. 1. Introduction 

Surgical advances generally follow either a scientific 

discovery or a technological breakthrough, for exam- 

ple magnetic resonance imaging or joint replacement. 

Over the past few years, the advent of new energy 

sources, such as radiofrequency, has had an increasing 

impact on surgical practice, especially in the field of 

liver tumours. Liver resection presently offers the only 

opportunity for cure in patients with liver cancer, ei- 

ther primary or secondary. Unfortunately, most hepa- 

tic cancers are unsuitable for curative resection at the 

time of diagnosis. Limitations for surgical resection can 

broadly be classified as either: 

1) tumour-related, i.e. lesions that are extremely large, 

awkwardly sited, multiple, involving major vascular 

structures, associated with extrahepatic disease or 

2) patient-related, i.e. intercurrent medical conditions, 

old age and poor liver function, especially in those 

with underlying cirrhosis. Therefore, there is a clear 

need, for the development of a simple and effective 

technique to control unresectable tumours within the 

liver and, preferably, one that avoids a lengthy hos- 

pital stay in patients with limited duration of survi- 

val. In the past few years, minimal access has beco- 

me available for the destruction of hepatic carcinomas 

by methods such as ethanol injection and thermoabla- 

tion, with cryoprobes, laser or radiofrequency. 

Radiofrequency ablation (RFA) has now been wide- 

ly accepted as an effective modality for treating liver 

turnouts that are unsuitable for resection. It is based on 

the conversion of radiofrequency waves into heat, lea- 

ding to coagulative necrosis, and it can be delivered ei- 

ther percutaneously or at open operation. 

33a. 1.1. Principle 

Radiofrequency ablation (RFA) is a thermoablative te- 

chnique, that destroys tissue by heating cancer cells to 

temperatures exceeding 60°C. In RFA, temperature 

changes are induced using a high-frequency alternating 

current applied via an electrode or electrodes placed 

within the tissue to generate ionic agitation. 

The diameter of the lesions generated by monopo- 

lar radiofrequecy is largely depended on the tip tem- 

perature and the power created in the tissue. By main- 

taining the tip temperature of the probe between 25- 

35°C with perfusion of chilled saline, Goldberg and 

colleagues [1] have obtained maximal tissue destruction 

in porcine liver in vivo [1]. Since this technique is crea- 

ting a 2.4 cm diameter zone of necrosis without indu- 

cing tissue charring, it should be able to treat large tu- 

rnouts with fewer insertions of the probe. 

33a.2. Indications for Radiofrequency Ablation 
of Primary and Metastatic Liver Cancer 

33a.2.1. Indications 

33a .2 .1 .1 .  Hepatocellular Carc inoma  

• Patients with unresectable tumours with normal clot- 
ting. 

• Downstaging for patients suitable for staged liver re- 

section. 

• Bridging therapy for patients waiting for liver trans- 
plantation. 

33a.2.1.2. M e t a s t a s e s  

• An alternative for patients not suitable for resection. 
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• Previously resected patients, requiring further non- 

surgical treatment. 

• Downstaging for patients suitable for staged liver re- 

section. 

• Patients with a low-volume disease who prefer a less 

invasive treatment. 

33a.2.2.  Results 

Two small comparative series reported survival data 

on patients who had undergone radiofrequency abla- 

tion. In one study, a mean survival for patients not sui- 

table for resection, who are treated with RFA, was 37 

months (range 9-67 months) after treatment, with a 3- 

year survival rate of 52.5%. In the other study, patients 

had a mean survival of 44 months from diagnosis of li- 

ver metastases, with a reported 5-year survival rate of 

40%. Furthermore, in uncontrolled studies, survival af- 

ter treatment ranged from 88% (7/8) at 2-6 months to 

17% at 11 months. However, comparisons between 

RFA studies and with other procedures are difficult, 

because of the different clinical scenarios in which 

RFA is used. There is also a lack of data on long-term 

outcomes [2, 3]. 

A systematic review reported complication rates af- 

ter RFA that ranged from 0% to 33% [3-9]. Complica- 

tions included bile duct stricture, bowel perforation, 

wound infection, peritoneal seeding and postoperative 

bleeding. 

A high incidence of needle track seeding in pa- 

tients treated with percutaneous RFA raises a great deal 

of concern [3]. There are several possible explanations 

for this phenomenon:  dissemination of tumour cells on 

retraction of a radiofreqency probe, tumour cell spread 

from needle track haemorrhage and cells extruded by 

an increased intra-tumoural pressure during RFA. To 

prevent needle track seeding, when cauterisation of 

the intrahepatic track cannot be safely achieved with- 

out the risk of burning the abdominal wall, the use of 

percutaneous RFA for subcapsular liver tumour should 

be discouraged. Furthermore, the result of percutaneous 

RFA for colorectal liver metastases is far less effective 

than open or laparoscopic approach (table 32a. 1) [4]. 

Although intraoperative RFA cannot be repeated 

more than once or twice, it is particularly indicated for 

multiple, peripheral, vascular or potentially resectable 

tumours. Laparoscopic RFA offers an intermediate ap- 

proach, with certain advantages over both percutane- 

ous and open RFA. In our own unit, patients have been 

treated with laparoscopic RFA with good results [2, 3]. 

However, the technique requires both a skilled lapa- 

roscopic surgeon and laparoscopic ultrasound and it is 

more expensive than either the percutaneous or the 

open technique [2, 5]. 

Although RFA is effective in management of liver 

tumours, is merely one of many palliative modalities 

available to clinicians. By this technique, foci of intact 

tumour cells are present on histological evaluation of 

previously ablated liver tumours, indicating incomple- 

te destruction of the cancer. Today, surgical resection 

remains the method of choice for the cure of liver tu- 

mours. 

Muller, Stefaan et al. Local Recurrence After Hepatic Radiofrequen- 
cy Coagulation: Multivariate Meta-Analysis and Review of Contribu- 
ting Factors Ann Surg. 2005 Aug; 242 (2):158-71. 
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33b. Radiofrequency Ablation 
of Liver Colorectal Metastases 

J. Tracey, J. Dimarakis, D. Zacharoulis, J. Anderson, 
P. Tait, L. Jiao, N. Habib 

Those diseases which medicines do not cure, iron (the 

knife?) cures; those which iron cannot cure, fire cures; 

and those which fire cannot cure, are to be reckoned 

wholly incurable. 

33b.3 .  Background 

Taken from the book of Aphorisms -a collection of 

pithy statements attributed to Hippocrates around 400 

B.C.- from antiquity to medieval times, the afore men- 

tioned maxim had an enormous influence on the deve- 

lopment of surgical practice. However, with the intro- 

duction of gunshot wounds during the Renaissance this 

principle was questioned, leading to the subsequent 

discarding of cautery as a treatment option for injuries. 

Although direct application of heat generated from an 

electrical current is rarely used today, modern electro 

surgery is based on heat generation via the passage of 

current through body tissues. 

In recent years, direct application of temperature 

extremes has been introduced in oncological surgery, 

in an attempt to accurately target tumours without affe- 

cting surrounding tissue and structures. The focus of 

this chapter will be on the use of localised hyperther- 

mia as a product of radiofrequency (RF) to achieve tar- 
geted tissue ablation. The operative, endoscopic and 

percutaneous routes may all be used to facilitate the 

application of RF ablation under appropriate image 

guidance. RF ablation is minimally invasive and has ex- 

cellent tissue-sparing features, thus becoming a favou- 

rable technique in the treatment of tumors residing 

within the hepatic and pulmonary parenchyma. As 

with all surgical endeavors, limitations do exist. In or- 

der to avoid any baneful effect, careful patient sele- 

ction with specific disease stage is warranted. 

33b.4.  In t roduct ion  

Hepatocellular carcinoma (HCC) and colorectal liver 

metastases (CLM) are the 2 most common malignant li- 

ver tumours. While surgical resection remains the gold 

standard of therapy, only a few patients are suitable 

candidates for curative surgical resection because of 

the presence of liver malignancy in unresectable loca- 

tions, the number and anatomic distribution of tumor 

lesions or the presence of extrahepatic disease or poor 

liver function [1, 2]. Several alternative treatments to 

control and potentially cure liver disease have been 

developed for use in patients with malignant liver tu- 

mours, whether primary or metastatic, who are not 

candidates for surgical resection such as hepatic arterial 

infusion chemotherapy, percutaneous ethanol injection 

(PEI), microwave coagulation therapy (MCT) also known 

as "percutaneous microwave coagulation". Coagulation 

necrosis and hemostasis result, destroying tissue in the 

treated area. Laser-induced thermotherapy (LITT), also 

referred to as "interstitial laser thermal ablative therapy". 

Radiofrequency ablation (RFA), also known as "ra- 

dio-frequency thermal ablation", is a recently develo- 

ped thermoablative technique. It induces temperature 

changes by using high-frequency alternating current, 

applied via electrodes placed within the tissue to gene- 

rate areas of coagulative necrosis and tissue desicca- 

tion [3, 4]. Radiofrequency ablation can be applied 

percutaneously, laparoscopically or at open surgery. 

Various studies have shown that RFA generally re- 

suited in larger and more complete areas of ablation, 

and RFA may also be associated with higher survival 

rates compaired to the other ablative techniques. 

33b.5.  Basic Science of  Rad io f requency  
Ablat ion 

In order to perform oncological procedures using ra- 

diofrequency ablation (RFA), an understanding of the 

underlying basic science is essential. This applies not 

only to the operational principles but also to the me- 

chanics of RFA and tissue interaction. 

33b.5.1.  Hyperthermia Effect on Tissue 

The principal goal of thermal tumour ablation is the 
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destruction of all malignant cells, constituting the pri- 

mary or metastatic deposit, and a surrounding zone 

(0.5-1 cm) of healthy tissue, in order to achieve a nega- 

tive surgical margin. The effect of rising temperatures 

on tissue is summarized in the following table 33b.2. 

In a temperature of about 46°C the predominant 

mode of cellular death appears to change from apop- 

tosis to necrosis [2]. Heat shock proteins, which provi- 

de cells with an immediate repair mechanism follo- 

wing thermal injury and an increased threshold against 

subsequent insults, are key modulators in this process. 

Induction of these proteins was not demonstrated abo- 

ve 42°C, although the exact mechanism is unknown, 
the authors suggest it is an inherent cellular protective 

mechanism to avoid repair and replication of thermal- 

ly injured cells. Cells exposed to temperatures between 
60-100°C undergo progressive coagulative necrosis, 

culminating in fibrosis in 28 days time [3]. In order to 

achieve tumour ablation, a temperature between 60- 

100°C must be achieved and maintained throughout 

the tumour volume. In order to assess the effect of 

RFA, ablated tissue may be excised and examined im- 

mediately, since special stains are required to assess 

cellular death [4]. 

33b.5.2. Principles of Radiofrequency 
Ablation Energy Deposition 

A complete RF circuit consists of a programmable ra- 

diofrequency generator, a disposable surgical hand pie- 

ce incorporating a needle electrode and finally a groun- 

ding pad. From the clinical perspective, it is important 

to delineate the physical parameters of the electrical 

circuit controlling the size of the created lesion. Tumors 

are variable three dimensional structures, even though 

in most experimental designs are considered spherical. 

Destruction via thermal necrosis denotes reaching a 

predetermined temperature throughout the tumor mass. 

The electrical generator produces a high frequency 

alternating current which is delivered by the needle 

electrode. In an attempt to follow the continuous dire- 

ctional change of the current, surrounding tissue parti- 

cles are prompted into ionic vibration that, subsequen- 

tly, leads to electrical heat production. Tumor destru- 

ction via electrical heating accounts only for the tissue 

adjacent to the probe; peripheral to this "core", necro- 

sis is completed by conducted heat. 

The transfer of thermal energy through living tissue 

remains an area of ongoing research, especially in the 

context of newly introduced energy sources in surgery. 

Based on the inverse square relationship between 

electric field strength and distance, it may easily be un- 

derstood that electrical heating is inversely related to 

the fourth power of the distance from the probe. As 

with thermal conductivity, electrical conductivity is al- 

so temperature dependent [5, 6]. Electrolyte properties 

and distribution in both the intracellular and extra 

cellular compartments, as well as overall fluid volume 

shifts in tissue appear to be the two main reasons for 

this [7]. As water and sodium concentrations have 

been shown to differ between tumor and normal tissue 

[8], and fluid change in tumors follow an irregular pat- 

tern [7]. One may easily realize the difficulty in predi- 

cting tumors' electrical behavior under dynamic RF 

ablation conditions. Taking this concept a step further 

saline infusion has been utilized in conjunction with 

RF ablation to maximize therapeutic efficiency [9-14]. 

By increasing tissue tonicity, saline infusion (prior to, 

as well as during RF ablation) decreases tissue resistan- 

ce, permitting greater current density application for 

longer periods of time. 

In the attempt to reach thermal equilibrium, the 

blood flowing through tissue that is being ablated, as 

well as the surrounding tissue, are subjected to tempe- 

rature changes. Goldberg et al [15] documented an 

8.5°C increase in temperature requirements to achieve 

the threshold for coagulation necrosis in vivo, compa- 

red to ex vivo. This phenomenon has been suggested to 
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be secondary to perfusion-mediated connective tissue 

cooling. As blood flow transverses actively heated areas, 

convective heat loss occurs, leading to "indentation" of 

the ablation zone near large vessels. Although this me- 

chanism of heat transfer does not aid tissue ablation, it 

does offer protection to vascular structures. In contrast 

to large diameter vessels that maintain their vascular 

flow, direct thermal injury with subsequent thrombosis 

takes place in smaller vessels within the ablation zone 

[16]. In an experimental porcine model, vascular in- 

flow occlusion resulted in significantly larger lesions 

compared to control animals [17]. Applying this con- 

cept to human subjects, Goldberg et al demonstrated 

that, when compared to conventionally treated tu- 

mors, RFA and portal inflow occlusion lead to a larger 

coagulation area [18]. The authors also noted a further 

10°C increase in hepatic parenchymal temperature at 1 

cm and 2 cm from the electrode after 5 minutes of por- 

tal inflow occlusion. 

As electrical field intensity is a vector quantity, the 

configuration of the field lines created by the RF probe 

within the targeted tissue volume is of extreme impor- 

tance. Physical aspects of the active electrode that may 

influence the size of the created thermal lesion include 

positioning, shape, length of probe tip exposure, gau- 

ge, duration of treatment, as well as applied tempera- 

ture. A positive correlation has been noted between 

increases in length of exposed probe tip as well as gau- 

ge and observed volumetric necrosis [19]. In a canine 

model, the obtained volume of resistive heating and 

lesion depth were shown to be associated with larger 

electrodes. The authors concluded that added electro- 

de cooling and increased electrode-tiss.ue interface 

were responsible for this [20]. When saline irrigation 

was used for active cooling by the same group, the pre- 

vious relationship was reversed as smaller electrodes 

were demonstrated to transmit a greater fraction of the 

radiofrequency power to the tissue, thus resulting in 

higher tissue temperature and larger lesions [21]. It has 

been shown by Goldberg et al [19] that another impor- 

tant factor to be considered is overall time exposure. 

In conclusion, two interfaces are theoretically impor- 

tant for achievement of thermal necrosis in the RF ab- 

lation zone a-c (fig. 33b.1). The first interface a repre- 

sents the zone between the electrode and tissue in di- 

rect contact; to facilitate electrical heating, electrical 

resistance should be kept at levels that allow maximal 

@ 
Fig. 33b.1. RF ablation active ele- 

ctrode El creates an electrical hea- 
ting zone a-b. Low resistance in this 
zone leads to large energy trans- 
fer, while good thermal conducti- 
vity is required to attain thermal 
necrosis in zone b-c. If thermal con- 
ductivity decreases beyond inter- 
face c, this allows for more efficient 
"cooking" of the ablations zone. 

current flow. Saline infusion at this interface may lo- 

wer resistance. On the other hand, if probe temperatu- 

re exceeds 105°C, local carbonization leads to an op- 

posite effect [15]. The second interface c represents 

the transition zone between the desired ablation zone 

(tumour with safety margins) and surrounding tissue. 

As beyond the electrical heating zone a-b convection is 

the main heat transfer method, thermal conductivity of 

the surrounding tissue only partly determines how 

effective heating will be in zone b-c. In cases of sur- 

rounding tissue (beyond zone c), being poor thermal 

conductors, effective thermal insulation may be obser- 

ved, a phenomenon termed as the "oven-effect" by Li- 

vraghi et al [22]. Clinical examples include cirrhotic 

hepatic parenchyma surrounding hepatic tumors [22], 

pulmonary parenchyma as air acts as a thermal insula- 

tor [23] and cortical bone in vertebral body lesions 

[24]. 

It would be extremely useful to be able to predict 

the effect of RF ablation under given conditions. Due 

to the complexity of the equations governing this pro- 

cess, extensive mathematical modelling and computer 

simulation methods, such as finite element analysis, 

must be employed [25-27]. Incorporation of a conve- 

ctive heat transfer coefficient in the thermoelectric 

differential system transforms it into an electric-ther- 

mal-hydrodynamic three-field coupling system, the 

solving of which is even more complex [28]. 

3 3 b . 6 .  C o l o r e c t a l  C a r c i n o m a  

33b.6.1. Introduct ion 

Colorectal cancer is one of the commonest malignan- 

cies afflicting the Western world, despite screening 

programs and increased public awareness. The overall 

prognosis for colorectal carcinoma remains poor, espe- 
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cially when distant metastatic disease is present. On 

average 500,000 new cases present each year, with 

roughly 140,000 of these occurring in the United States 

alone, a little over a quarter of all new cases present 

with synchronous liver metastases; in time, over 70% 

of all patients will develop liver metastasis [1, 2, 29]. 

The most frequent sites of metastases from colorectal 

cancer are the liver (20% to 70%) and lung (10 to 20%) 

[30-32]. 
Although surgical resection remains the gold stan- 

dard and provides the only chance for cure, only 10- 

30% of patients are eligible for liver resection [30]. To 

help increase the number of surgical candidates, seve- 

ral new adjuvant treatment modalities are being used. 

These include portal vein embolization, downstaging 

chemotherapy regimens, two stage hepatectomy and 

radiofrequency ablation (RFA) [33-35]. A substantial 

group of patients develop lesions which are amenable 

to RFA as a minimally invasive method of tissue de- 

struction. 

Radiofrequency ablation of colorectal liver metasta- 

ses is widely accepted and well described and dates 

back to 1989 when the first ultrasound guided intersti- 

tial laser treatments were performed [36]. 

33b.6.2. Natural History of Colorectal 
Carcinoma 

On average, patients with a solitary untreated colore- 

ctal liver metastasis may live 25 months. In unilobar 

multicentric disease the median survival is 17 months; 

in bilobar diffuse disease the median survival is redu- 

ced to 3 to 6 months. Seldom will an untreated patient 

with liver metastases survive 5 years [37-40]. If colon 

cancer is treated with chemotherapy alone, (presently 

the standard of care is FOLFOX or FOLFIRI with or 

without Avastin), the median survival exceeds 20 

months [41]. These results are encouraging and mo- 

dern chemotherapy is well tolerated but in the presen- 

ce of metastatic disease it is less effective, though long 

term studies are pending at this time. Regional chemo- 

therapy using hepatic artery infusion of 5-fluorode- 

oxyuridine (FUDR), was popular in the 1980s but ove- 

rall results are inconclusive though there does appear 

to be some short term benefit [42]. Long term data re- 

garding local and regional chemotherapy is currently 

being evaluated [43]. 

For the patients who undergo hepatic resection, 

25%-37% can be expected to survive for 5 years, with a 

median survival between 28 to 40 months [37]. In ge- 

neral, resection with clear surgical margins for meta- 

static disease confined to the liver has an overall survi- 

val at 3, 5 and 10 years of approximately 40%, 30% and 

20% respectively with postoperative adjuvant chemo- 

therapy being generally indicated [44]. 

Thus, hepatic resection remains the most effective 

treatment for metastatic colon cancer to the liver. In 

fact, hepatic surgery continues to improve with de- 

creased operative mortality and morbidity. The best 

data comes from specialized centers reporting a mor- 

tality under 3% and a morbidity in the range of 1 O-15% 

[45, 46]. 

Factors affecting long term survival in patients un- 

dergoing hepatic resection have been shown to inclu- 

de the number and distribution of lesions, resection 

margins, size of the metastases, synchronous versus 

metachronous development, the presence or absence 

of extrahepatic disease, the type of resection, age, gen- 

der, blood loss, blood transfusion requirement, prima- 

ry tumour characteristics and carcinoembryonic anti- 

gen (CEA) level [47]. 

Even after resection, some 60%-70% of patients de- 

velop recurrent disease within 5 years. The liver is the 

preferred site involving 45-75% of cases and the liver 

as the sole site is seen 40% of the time. Only one third 

of patients with recurrent metastases confined to the 

liver are candidates for re-resection [40, 48]. Re-rese- 
ction can yield a median survival of more than 30 

months, with a 5-year survival of 16%-32% [49]. This 

demonstrates that selected patients will benefit from 

repeat hepatic resection but, many may not be surgical 

candidates due to multicentric disease, bilobar disease, 

local anatomic invasion, juxtaposition to major pedi- 

cles or structures and the presence of other comorbid 

conditions [45]. 
So, the indication to undergo hepatic RFA includes 

unresectable tumours, recurrent hepatic tumours and 
the inability to tolerate major surgery. RFA can be per- 
formed percutaneously, laparoscopically or via open 
surgery and may be combined with partial resection, 
resection or extra hepatic resection [36]. 

33b.6.3. Background 

The first ultrasound (US) guided interstitial laser treat- 
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ment dates back to 1989, applied for the treatment of 
hepatocellular carcinoma (HCC) [36]. Over the last de- 
cade and a half rapid technological developments have 
led to the employment of numerous ablative techni- 

ques, different electrode designs and higher power 
generators. Currently, much larger tissue volumes can 

be ablated. Today, inoperable metastatic colorectal le- 

sions in the liver are the most frequent indication for 

application of RFA in the UK [36]. 

Although US is the preferred technique for needle 
placement, in both lung and occult liver tumours Com- 

puted Tomography (CT) or Magnetic Resonance (MR) 

are used. 
Thermal techniques result in coagulation necrosis 

and thermal fixation, preserving tissue architecture, rou- 
tine histological stains are misleading and enzymatic 

assays are required to establish cellular nonviability 

[50, 36]. 
Determination of efficacy of ablation is achieved 

with contrast enhanced CT or MR images. Absent enhan- 

cement denotes the area of necrosis non-viability [50]. 

33b.6 .4 .  Colorectal  Liver Metastases 

In the UK colorectal liver metastases is the most com- 

mon indication for RFA, since many patients are not 

surgical candidates either due to co-morbid condi- 

tions, tumour location and/or number of lesions, ina- 

dequate hepatic reserve from a previous resection or 

underlying liver disease [36]. These patients may bene- 

fit from RFA with or without chemotherapy. Most cen- 

ters will accept patients with as many as five tumours 

with a maximum diameter of 5 cm. Median survival 

time of 38 months is a reasonable expectation with a 
potentially longer survival time if fewer and smaller le- 

sions are treated [51]. 

Survival analysis of those non-surgical patients with 

small, 2.5 cm, solitary lesions is even greater with 

achievable mean survival times of 67 months and 66% 

3 years survival [36]. Two retrospective studies suggest 

that survival after surgery and RFA are comparable for 

small solitary lesions [52, 53]. To date there are no 

prospective studies underway. 

Another approach to liver metastasis is "the test of 

time", where potential surgical candidates are given 

RFA [54]. These patients that do not develop additional 

disease are spared a resection, these who develop mo- 

re extensive disease in a short follow up are spared an 

unnecessary and ineffective resection and these that 

recur can undergo a resection. In one study 60% achie- 
ved complete ablation and did not require resection 

[54]. Theoretical projection models, based on the pha- 

se III European trial of chemotherapy alone vs. chemo- 

therapy plus RFA suggests that, in multiple metastases, 

chemotherapy plus RFA provides a discernable advan- 

tage over chemotherapy alone [55]. However, these 

are projection models and only the results from pro- 

spective studies will provide the required level of evi- 

dence. 

33b.7. Lung Metastasis 

Although resection of pulmonary metastases is less 

common than resection for liver metastases long term 

survival has improved [56]. During the past decade, 

the indications for surgery have increased and rese- 

ction is now proposed for solitary and multiple meta- 

stases or in patients in whom liver metastases have 

been previously resected. The typical pattern of lung 

metastases from colorectal cancer is single or multiple 

nodules rather than miliary tumours or lymphangitis 

carcinomatosa. 

Due to the frequency of screening CT scans and 

closer patient follow up after resected colorectal can- 

cer, the number of operable cases with lung metastases 

has increased [57]. In a recent study, no difference in 

prognosis was found in patients undergoing hepatecto- 

my for colorectal metastatic disease simultaneously or 

with a later staged metastatic lung resection [58]. 

33b.8. Liver and Lung Metastases 

The lack of difference, that is registered in finding, 

between wedge or lobar pulmonary resection and 

pneumonectomy, laid the foundation for using RFA for 

pulmonary metastases [59, 60]. In general, surgery 

should be considered only when complete removal of 

all pulmonary metastases is possible. In most cases, the 

primary tumour should be completely excised with no 

evidence of local recurrence or extra pulmonary disea- 

se. However, in some other cases, a combined rese- 

ction of liver and lung metastases can be considered. 

In two published studies median survival was 19 months 
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and three, five and eight-year survival were 36%, 31% 

and 23% respectively [2, 3]. Pulmonary resection for 

colorectal carcinoma metastases is associated with 5- 

year survival rates of 35-41% [61, 62]. 

Once again, RFA plays a role in addressing bilobar 

disease and is useful in those patients who are not sur- 

gical candidates. 

33b.9. Improving Local Ablation Efficacy 

Tissue perfusion-mediated cooling, the so called "heat- 

sink effect", restricts the volume of tissue ablated. This 

relationship has been demonstrated using pharmacolo- 

gic Halothane manipulation which resulted in a 46% 
reduction in blood flow and doubled the diameter of 

coagulative necrosis {63]. 
This relationship has also been demonstrated in 

animal models whereby arterial occlusion resulted in a 

1.8-2.5 fold increase in the area of necrosis, portal vein 

occlusion showed a 1.5-2.0 increase and occlusion of 

both resulted in a 2.9-5.7 fold increase, depending on 

the RFA system used [64, 65]. Percutaneous balloon 

occlusion is practiced by some and during surgery the 

pedicle can be clamped. But, there is an increased inci- 

dence of bile duct injuries, since the cooling/protecti- 

ve effect of the blood flow is removed [65]. Another 

option, to increase the ablative field, is hypotensive 

anesthesia (lowering the CVP to 5 mmHg or less). 

However, this should only be practiced by an expe- 

rienced team [66]. 

33b.10. Complications 

Using RF coagulation, the overall mortality rates, for all 

liver tumours, is about 0.1-0.8% and complications 

range from 1.5-10% and include abdominal bleeding, 

infection, biliary tract damage, hepatic vascular dama- 

ge, coagulopathy, tumour seeding, myoglobinuria, pul- 

monary complications and renal failure [36, 67, 68]. 
Mortality rates for pulmonary metastasectomy are pro- 

bably less than liver metastasectomy but exact data do 

not exist [69, 70]. 
Intraperitoneal bleeding can be controlled by care- 

ful cauterization of the electrode track to prevent back 

bleeding and persistent oozing [67]. Cauterization is 

accomplished by continuing power upon slow delibe- 

rate withdrawal of the electrode, after stopping the 

cooling for cooled electrodes and after retraction of 

the prongs for expandable electrode probes [71]. 

Secondary infection does occur, usually as a late 

complication, and is more frequent in those patients 

with bilio-enteric anastomoses or biliary stents. This is 

presumably due to reflux of enteric organisms into the 

biliary tree and these patients are predisposed to in- 

creased septic complications. The usual perpetrators 

include Clostridium perfringens, streptococcus D and 

enterococcus [72]. Patients with bilio-enteric anasto- 

moses or biliary stents should be empirically treated 

with post procedural antibiotics for at least 2 months. 

The occurrence of electrode tract seeding is a real 

concern, with rates ranging from 0.2 to 12.5% [67, 73]. 
Several mechanisms may contribute to seeding. The 

needle itself may contain viable adherent cells on the 

surface during withdrawal which may lead to seeding 

along the track {67]. Back bleeding into the track may 

also seed viable cells [73]. During RFA heating and ex- 

pansion, the increased intratumoural pressure may for- 

ce some viable cells well into the tract [67]. Pre-proce- 

dural biopsies may seed even before ablation [74]. In 

addition, no cauterization of the tract, inadequate hea- 

ting and ablation and perpendicular approach to sub- 

capsular tumours, all the above may contribute to see- 

ding {75]. 
Tumours closer than 1 cm to the gallbladder is a 

contraindication for the percutaneous approach [67]. 
Thermal cholecystitis or gallbladder perforation can be 

avoided by performing a laparoscopic or open chole- 

cystectomy while performing RFA. 

Likewise, lesions less than 1 cm from the liver sur- 

face should be ablated laparoscopically or by the open 

method to avoid burns to adjacent viscera [76]. 
Major bile ducts stenosis caused by RFA has been 

noted in cases when, at the same time, a Pringle ma- 

noeuvre had been carried out [71 ]. A Pringle manoeuvre 

allows vessels greater than 6 mm to become thrombo- 

sed whereas, without the manoeuvre, vessels greater 

than 4 mm generally remain patent [76]. Some authors 

propose the use of cooled saline within the bilary 

system for the ablation of large central tumours and 

some have proposed prophylactic placement of biliary 

stents. However, it is too early to be sure and caution 

is advised while ablating central liver tumours. 
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If hepatic arterial damage occurs, it usually results 

in an arterioportal shunt. Most of these resolve over a 

month or two. Arterial pseudo-aneurysms however, 

should be promptly embolized to minimize the chance 

of rupture [67]. 

disease, lung metastases before hepatic, multiple lung 

metastases, elevated CEA, multiple lung resections and 

bilateral lung involvement. With the exception of 

synchronous disease, a second recurrence, particularly 

if pulmonary, has a major impact on survival [57, 83]. 

33b. 11. Local Recurrence 

Local recurrence rate of liver tumours after RFA varies 

widely between 2% and 60% [77-79]. In a recent mul- 

tivariate meta analysis, significantly fewer local recur- 

rences were observed for small tumours (< 3 cm) ver- 

sus large tumours (> 5 cm). A surgical approach was as- 

sociated with few recurrences as well [80, 77]. Recur- 

rence rates for tumours > 5 cm have been shown to be 

58.1%, versus 14.1% for tumours < 3 cm [80]. In addi- 

tion, a subcapsular location is associated with a signifi- 

cant increase in local recurrence rates [81, 82]. 

It must be stressed that the aim of treatment is cure 

and a resectable liver tumour must be resected and not 

simply ablated, regardless of the pressure for a mini- 

mally invasive approach. 

33b.12. Technical Recommendations 

Although many groups use local anesthesia with seda- 

tion for percutaneous RFA, general anesthesia is often 

recommended,  as the final 2-3 cm underneath the 

hepatic capsule is painful. In an attempt to limit injury 

to major hepatic vessels, the use of a single probe may 

be safer when operating in the  vicinity of several 

blood vessels. 

With the addition of the Pringle manoeuvre, if the 

vein is already partially compressed by a tumour, the 

tendency for portal vein thrombosis is increased,. In 

general, if a Pringle manoeuvre is to be employed, a 

short duration is advocated versus a full long Pringle. 

33b. 13. Poor Prognostic Indicators 

In cases of liver and lung metastases resection, patient 

selection is crucial. There are several predictors of poor 

outcome: a disease free interval, of less than one year 

between the first and second metastases, synchronous 

33b.14. Conclusion 

Resection of isolated hepatic or pulmonary metastases 

from colorectal cancer has been shown to be safe and 

likely beneficial. Surgical resection continues to be the 

gold standard for survival. Unfortunately, most patients 

are not surgical candidates and RFA appears to be the 

most effective second line treatment. Further advances 

in RFA device technology and imaging modalities 

promise to make it even more efficient in the future. It 

will likely continue to compliment new developments 

in regional and systemic chemotherapy along with 

resection. Large-scale trials and long term data are 

needed to establish its place in the future. 
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cipients for liver transplantation exceeding organ sup- 

ply with attendant deaths of patients on waiting lists. 

In the past few years, multiple studies have demon- 

strated that adult stem cell plasticity is far greater and 

complex than previously thought, raising expectations 

that it could lay the foundations for new cellular thera- 

pies in regenerative medicine. The most widely stu- 

died example of adult stem cells is haematopoietic stem 

cells (HSCs), which sustain formation of the blood and 

immune systems throughout life. 

34.4. General Concepts about Stem Cells 

34.4.1.  Stem Cells 

A stem cell is a cell from the embryo, foetus, or adult that 

has, under certain conditions, the ability to reproduce 

itself for long periods or, in the case of adult stem 

cells, throughout the life of the organism [8]. It also can 

give rise to specialized cells that make up the tissues 

and organs of the body. Much basic understanding 

about embryonic stem cells has come from animal 

research. In the laboratory, this type of stem cell can 

proliferate indefinitely, a property that is not shared by 

adult stem cells [9]. 

Stem cells are unspecialized. One of the fundamen- 

tal properties of a stem cell is that it does not have any 

tissue-specific structures that allow it to perform spe- 

cialized functions. A stem cell cannot work with its 

neighbors to pump blood through the body (like a 
heart muscle cell); it cannot carry molecules of oxygen 

through the bloodstream (like a red blood cell); and it 

cannot fire electrochemical signals to other cells that 

allow the body to move or speak (like a nerve cell). 

However, unspecialized stem cells can give rise to spe- 

cialized cells, including heart muscle cells, blood cells, 

or nerve cells [ 10, 11]. 

Stem cells are capable of dividing and renewing 

themselves for long periods. Unlike muscle cells, blood 

cells, or nerve cells -which do not normally replicate 

themselves- stem cells may replicate many times. When 

cells replicate themselves many times over it is called 

proliferation. A starting population of stem cells that 

proliferates for many months in the laboratory can 

yield millions of cells. If the resulting cells continue to 

be unspecialized, like the parent stem cells, the cells 

are said to be capable of long-term self-renewal [12]. 

34.4.2.  Pluripotent Stem Cells 

A single pluripotent stem cell has the ability to give ri- 

se to types of cells that develop from the three germ 

layers (mesoderm, endoderm, and ectoderm) from 

which all the cells of the body arise. The only known 

sources of human pluripotent stem cells are those iso- 

lated and cultured from early human embryos and from 

fetal tissue that was destined to be part of the gonads. 

In 1998, James Thomson and his colleagues repor- 

ted m&hods for deriving and maintaining human em- 

bryonic stem (ES) cells from the inner cell mass of hu- 

man blastocysts that were produced through in vitro 

fertilization (IVF) and donated for research purposes 

[13]. At the same time, another group, led by John 

Gearhart, reported the derivation of cells that they 

identified as embryonic germ (EG) cells. The cells we- 

re cultured from primordial germ cells obtained from 

the gonadal ridge and mesenchyma of 5 to9  week foe- 

tal tissue that resulted from elective abortions [14]. 

34.4.3.  Stem Cell Differentiat ion 

Differentiation is the process by which an unspeciali- 

zed cell (such as a stem cell) becomes specialized into 

one of the many cells that make up the body. During 

differentiation, certain genes become activated and 

other genes become inactivated in an intricately regu- 

lated fashion [15]. As a result, a differentiated cell de- 

velops specific structures and performs certain fun- 

ctions. For example, a mature, differentiated nerve cell 
has thin, fiber-like projections that send and receive 

the electrochemical signals that permit the nerve cell 

to communicate with other nerve cells. In the labora- 

tory, a stem cell can be manipulated to become specia- 

lized or partially specialized cell types (e.g., heart mu- 

scle, nerve, or pancreatic cells) and this is known as di- 

rected differentiation [ 10, 11, 16]. 

34.4.4 .  Adul t  Stem Cells 

An adult stem cell is an undifferentiated (unspeciali- 

zed) cell that occurs in a differentiated (specialized) 

tissue, renews itself, and becomes specialized to yield 

all of the specialized cell types of the tissue from which 

it originated. Adult stem cells are capable of making 

identical copies of themselves for the lifetime of the 

organisms. This property is referred to as "self-renewal". 

Adult stem cells usually divide to generate progenitor 
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or precursor cells, which then differentiate or develop 

into "mature" cell types that have characteristic shapes 

and specialized functions, e.g., muscle cell contraction 

or nerve cell signaling [17]. Sources of adult stem cells 

include bone marrow, blood, the cornea and the retina 

of the eye, brain, skeletal muscle, dental pulp, liver, skin, 

the lining of the gastrointestinal tract, and pancreas 

[18]. They are multipotent, differentiating into a restri- 

cted number of cell types based on the tissue they resi- 

de in. They usually form only 1-2% of the cell popula- 

tion, their main role being the replenishment of the 

tissue's cells in appropriate proportions and numbers 

in response to "wear and tear" loss or direct organ da- 

mage [ 19]. 

The most abundant information about adult human 

stem cells comes from studies of haematopoietic 

(blood-forming) stem cells isolated from the bone mar- 

row and blood. These adult stem cells have been ex- 

tensively studied and applied therapeutically for va- 

rious diseases [18]. 

As indicated above, scientists have reported that 

adult stem cells occur in many tissues and that they en- 

ter normal differentiation pathways to form the specia- 

lized cell types of the tissue in which they reside. Adult 

stem cells may also exhibit the ability to form specia- 

lized cell types of other tissues, which is known as trans- 

differentiation or plasticity. Their primary functions 

are to maintain the steady state functioning of a cell 

called homeostasis and, with limitations, to replace 

cells that die because of injury or disease [20]. Adult 

stem cells are rare. For example, only an estimated 1 in 

10,000 to 15,000 cells in the bone marrow is a haema- 

topoietic (blood forming) stem cell (HSC) [21]. HSCs 

are constantly being generated in the bone marrow 

where they differentiate into mature types of blood 

cells. 

34.4.5. Haematopoietic Stem Cells (HSCs) 

HSC, first identified in 1961 [22] are multipotent cells 

derived from the bone marrow that self-renew and 

generate all oligolineage progenitors and differentiated 

progeny of the blood system [23]. However, the isola- 

tion of these cells proved to be difficult initially as they 

do not express unique characteristics and is also very 

rare, comprising only between 1 in 10,000 to 1 in 

100,000 blood cells. Therefore an important break- 

through in stem cell research was the discovery of the 

sialomucin CD34 as a haematopoietic cell surface anti- 

gen. Furthermore, its expression was found to be down 

regulated as the cell matures and differentiates, making 

CD34 a distinguishing feature in the isolation, enume- 

ration and manipulation of HSC [24, 25]. 

Other surface markers are important in the homing 

of haematopoietic stem cells to the bone marrow. The- 

se include the integrin very late activation antigen-4 

(VLA-4) and adhesion receptors such as CD44. In addi- 

tion, chemokine C-X-C motif receptor 4 (CXCR4) on 

the HSC surface binds to stromal derived factor-1 

(SDF-1) in the bone marrow microenvironment and 

activates other cell adhesion receptors through intra- 

cellular signalling [26]. 

While the bone marrow is the classic source of 

HSC, their retrieval directly from bone is rapidly de- 

creasing as they can be obtained simply from periphe- 

ral blood [27]. Most recent medical treatments using 

HSC including "bone marrow" transplants in fact use 

peripheral blood as a source rather than the bone mar- 

row. It is preferred as it is less taxing on the donor with 

minimal pain, no anaesthesia and no hospital stay, and 

also generates better cells for transplantation [28]. Other 

sources of HSC include umbilical cord blood [29], and 

the foetal liver, as during this stage it functions simul- 

taneously as a haematopoietic and hepatic organ [30]. 

Genes commonly used as liver markers for analyses 

of transdifferentiation are albumin, alpha-fetoprotein 

(AFP), alpha-l-antitrypsin (AIAT), c-met, hepatocyte 

growth factor (HGF), transferrin and vimentin. Albumin 

and AFP are both important blood plasma proteins 

synthesised in the liver [31]. AFP secretion°is most pro- 

minent during embryonic development becoming down 

regulated in the adult, yet its role remains unknown in 

the foetus [32]. The protease inhibitor AIAT is found 

in hepatocytes and its deficiency is associated with 

liver disease [33]. HGF, along with its receptor c-met, 

is a potent mitogen for hepatocytes and a hepatotro- 

phic factor for liver regeneration as its neutralisation 

impairs this process [34]. Other liver markers are the 

iron transporter transferrin, and the intermediate fila- 

ment protein vimentin, which is expressed in mesen- 

chymal cells such as Kupffer cells and sinusoidal endo- 

thelial cells of the liver [35]. 
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34.5. Stem Cell Plasticity 

Plasticity is the ability of an adult stem cell from one 

tissue to generate the specialized cell type(s) of ano- 

ther tissue. Adult stem cells such as HSC were until re- 

cently considered to be lineage restricted, but follo- 

wing recent research it has been proposed that they 

may have wider differentiation capabilities when they 

are removed from their usual niche [12]. HSC, for 

example, were first shown to be able to differentiate 

into muscle [16]. Subsequent research has demonstra- 

ted apparent transdifferentiation of these cells into li- 

ver [36], kidney [37], cardiac [38] and neural cell linea- 

ges [39]. Evidence suggests that, given the right envi- 

ronment, some adult stem cells are capable of being 

"genetically reprogrammed" to generate specialized 

cells that are characteristic of different tissues [40]. 

In reports.that transplanted adult stem cells show 

plasticity in vivo, the stem cells typically are shown to 

have integrated into a mature host tissue and assumed 

at least some of its characteristics [10, 41-44]. Many 

plasticity experiments involve injury to a particular tis- 

sue, which is intended to model a particular human di- 

sease or injury [44-46]. Most of the studies that show 

the plasticity of adult stem cells involve cells that are 

derived from the bone marrow [11, 41-43, 46]. Colle- 

ctively, studies on plasticity suggest that stem cell po- 

pulations in adult mammals are not fixed entities, and 

that after exposure to a new environment, they may be 

able to populate other tissues and possibly differentiate 

into other cell types. 

34.6. Liver and Stem Cells 

The liver in an adult healthy body maintains a balance 

between cell gain and cell loss. Though normally proli- 

feratively quiescent, hepatocyte loss such as that cau- 

sed by partial hepatectomy, uncomplicated by virus in- 

fection or inflammation, invokes a rapid regenerative 

response to restore liver mass. This restoration of mo- 

derate cell loss and "wear and tear" renewal is largely 

achieved by hepatocyte self-replication. More severe 

liver injury can activate a potential stem cell compart- 

ment located within the intrahepatic biliary tree, gi- 

ving rise to cords of bipotential, so-called, oval cells 

within the lobules that can differentiate into hepatocy- 

tes and biliary epithelial cells. A third population of 

stem cells with hepatic potential reside in the bone 

marrow; these haematopoietic stem cells can contribu- 

te to the albeit low renewal rate of hepatocytes, make 

a more significant contribution to regeneration and 

even completely restore normal function in a murine 

model of hereditary tyrosinaemia. 

Perhaps born out of necessity from the plethora of 

potentially cell-damaging xenobiotics that assail the li- 

ver, plus a myriad of other cellular insults e.g. hepato- 

tropic viruses, the liver can invoke not just one, but 

three apparently phenotypically distinct cell lineages 

to contribute to regenerative growth after damage. In 

response to routine parenchymal cell loss the hepato- 

cytes are the cells that normally restore the liver mass, 

rapidly re-entering the cell cycle from the GO phase. 

However, when either massive damage is inflicted upon 

the liver or regeneration after damage is compromi- 

sed, a potential stem cell compartment located within 

the smallest branches of the intrahepatic biliary tree is 

activated. This so-called "oval cell" or "ductular rea- 

ction" amplifies the biliary population before these 

cells differentiate into hepatocytes. 

One of the first demonstrations of using bone mar- 

row to reconstitute liver was reported by Petersen et al 

(1999). Lethally irradiated female rats were rescued 

using bone marrow transplants from syngeneic males 

following induced hepatic injury and treatment with 2- 

aminoacetylfluorine to prevent hepatic proliferation. 

This cross-sex model allowed identification of male 

liver cells in the female rats' livers which indicated that 

bone marrow-derived HSC have the capacity to trans- 

differentiate into hepatocytes [47]. In similar sex-mis- 

matched experiments in mice Theise et al (2000) de- 

monstrated the presence of Y chromosome positive 

hepatocytes in lethally irradiated female mice follo- 

wing bone marrow transplants from males. In this case 

no liver injury was induced supporting the theory that 

marrow-derived HSC can differentiate into hepatocy- 

tes in the absence of acute liver injury [48]. 

Although evidence of transdifferentiation to hepa- 

tocytes is compelling from animal studies, few have 

examined this possibility in humans. Alison et al (2000) 

detected Y-chromosome positive cells in retrospective 

analysis of the livers of female recipients of bone mar- 

row transplants from male donors. These cells were 

confirmed as being hepatocytes as they also expressed 
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cytokeratin-8 [36]. The authors also looked for the 

presence of Y-chromosome-positive cells in female li- 

vers transplanted to male recipients that were later re- 
moved due to recurrent disease. They found many Y 

chromosome-positive cells that expressed cytokeratin- 

8. This confirmed that circulating extra-hepatic stem 

cells may colonise the liver [36]. Thiese et al (2000) 

reported their analysis of archival autopsy and biopsy 

specimens from female recipients of male donor bone 

marrow transplants and male recipients of female li- 

vers. The marrow-derived cell engraftment in the liver 

ranged between 4 and 40%. The study showed that 
hepatocytes and cholangiocytes can be obtained from 
extrahepatic circulating stem cells, probably of marrow 

origin in humans [48]. A study by Korbling et al (2002) 

analysed biopsies from sex-mismatched bone marrow 

transplants in patients with no significant liver damage. 

Donor cells were detected in biopsies from the liver, 

skin and gastrointestinal tract, but the origin of these 

non-haematopoietic cells is uncertain [49]. 

Several possible mechanisms are postulated for HSC 
plasticity. Trans-differentiaion is one of the main me- 

chanismsand refers to the ability of one committed cell 
type to change its gene expression pattern to that of a 

completely different cell type. An alternative mecha- 

nism for plasticity could be the fusion of a HSC with a 

nonhaematopoietic cell to form a heterokaryon, there- 

by converting the gene expression pattern of the origi- 

nal HSC to that of the fusion partner. 

Clinical studies looking at the therapeutic applica- 

tion of bone marrow stem cells (BMSCs) has demon- 

strated that CD34+ cells transplanted into ischemic 

myocardium incorporate into foci of neovasculariza- 
tion and have a favourable impact on cardiac function 
[50]. Boyle et al. used granulocyte colony stimulating 
factor (G-CSF) for bone marrow mobilization of CD34+ 
cells, enabling intracoronary infusion of large numbers 

of CD34+ stem ceils. Sustained reduction in anginal 
symptoms and improvement in quality of life scores was 

seen in all patients following infusion of cells. Mean 

collateral flow grade at 12-month follow-up angiogra- 

phy significantly improved, indicating sustained myo- 

cardial neovascularization [51]. Infusion of hepatocytes 

through the portal vein in a patient with Crigler-Najjar 

syndrome demonstrated in persistent reduction of 
serum bilirubin and increased bilirubin conjugates in 

the bile in a study by Fox et al [52]. Widespread appli- 

cation of hepatocyte transplantation is limited by or- 

gan availability, viability of isolated hepatocytes after 

cryopreservation and potential formation of hepatocy- 
te aggregates during injection that can obstruct the li- 

ver sinusoids resulting in portal hypertension or lead 

to fatal emboli. 

Our group published one of the first clinical trials 

on application of adult stem cells in hepatology [53]. In 
this study we have demonstrated the feasibility and 

safety of G-CSF administration and mobilization, leu- 

kapheresis and intrahepatic transfer of CD34+ stem cells 

in five patients with chronic liver disease. There were 

no problems of bleeding or precipitation of liver failu- 

re. The initial treatment protocol was well tolerated. 

Three of the five patients showed improvement in se- 

rum bilirubinand four of five in serum albumin. Re- 

cently, another clinical trial explored the benefits of in- 

traportal administration of autologous CD133+ stem 

cells into the left branch of portal vein following em- 

bolization of right portal venous branch. Computerized 

tomography volumetry revealed 2.5-fold increased 
mean proliferation rates of left lobe compared with 

three patients treated without application of stem cells 
[54]. This early experience suggests that this novel the- 

rapeutic approach bear the potential of enhancing and 

accelerating hepatic regeneration in a clinical setting. 

HSC may be advantageous for liver regeneration 

compared to hepatocytes since bone marrow can be 

obtained from living donors using a moderately invasi- 

ve procedure, cord blood or mobilized HSC are other 

readily available sources of HSCs, and tissue banks of 

cord blood and bone ,marrow are established in many 
countries. Additionally, repopulation of both the he- 
matopoietic and hepatic system from the same donor 
can induce a state of immunological tolerance in the 
transplant recipient that could reduce or eliminate life- 
long immunosuppression for the prevention of allo- 
graft rejection. " 

In hepatology, the data presented here provide ho- 

pe that somatic stem cells could eventually be us.ed in 

tissue replacement protocols for the treatment of inhe- 

rited and acquired end-stage liver diseases. Rather than 

relying on cadaveric organs from deceased donors 

who are often immunologically disparate, HSCs offer 

ready availability of liver-repopulating stem cells or 
progenitors obtained from living donors. 

Use of adult stem cells overcomes many of the mo- 



438 Chapter 34: Stem Cell Therapy in Liver Disease 

ral and ethical barriers  of  ES cell manipulat ion,  and  if 

somatic cells genuinely  can switch lineage barriers, then 

HSCs are ideal sources. There  is a l ready cons iderab le  

exper i ence  in their  handling,  and  they are relatively 

accessible. The n e w  findings in adult s tem cell b io logy 

are t ransforming our unde r s t and ing  of tissue repair  

wi th  p romis ing  hopes  of regenera t ive  hepatology.  

The potent ia l  clinical applications of HSCs differen- 

tiating into n o n h a e m a t o p o i e t i c  cell types are unlimi-  

ted. These  cells could be used  to treat tissue injury and  

mult iple diseases of nonhaema topo i e t i c  tissue in the 

fol lowing ways: t ransplantat ion of nomal  autologous 

cells; e n h a n c e m e n t  or mobil izat ion of endogenous  mar- 

row de r ived  s tem cells; t ransplantat ion of gene -mod i -  

fled autologous m a r r o w  cells; and  t ransplantat ion of al- 

logeneic bone  m a r r o w  cells. For some applications cells 

could be admin i s t e red  direct ly  into the non  haemato-  

poiet ic  tissues. 
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3 5 . 1 .  I n t r o d u c t i o n  

The gene therapy dream started well over a decade ago. 

Despite its wide and successful application in research, 

it still has not reached the clinics in a meaningful way. 

No doubt that successful gene therapy has a lot to offer 

to patients with inherited, benign or malignant diseases. 

Several challenges need to be addressed for gene 

therapy to succeed. The therapeutic gene has to go from 

the general circulation to the targeted diseased liver 

cell. It has to go through the cell membrane,  escape the 

lysosome compartment  in the cytoplasm and subse- 

quently penetrate the nuclear membrane  and reach the 

nucleosome. Finally, the gene should be expressed hi- 

ghly enough to produce significant level of protein that 

would change the behaviour of targeted cells and/or  

affect the function of neighbouring or distant cells. 

Various imaginative ways were developed to over- 

come these difficulties, such as the use of liposome to 

surround the plasmid containing the therapeutic gene, 

the introduction of the cassette containing the gene in 

a viral vector such as adenovirus, adeno-associated vi- 

rus, retrovirus, vaccinia virus and others. These were 

successful but not enough to have a clinical impact. 

They were not effective as in non-viral plasmid appro- 

ach. They were toxic such as in the use of adenoviru- 

ses. They were also associated with malignant trans- 

formation such as in the use of retrovirus. The most 

potent viral vector available today is the lentivirus. 

However due to its inherent danger this vector has on- 

ly been used today in HIV patients. It is difficult to spe- 

culate on its introduction to the clinic in the near futu- 

re let alone in patients with benign disease. 

Our group has been involved in several clinical trials 

with the use of plasmid DNA, adenovirus, retrovirus 

and vaccinia virus. It is unfortunate that these clinical 

trials failed. Despite our lack of success our research is 

still going strong. 

Currently we believe clinical breakthrough success 

in the near future could be achieved via one of these 

three approaches: 

(1) Hydrodynamic Gene Delivery (fig. 35.1, 35.2, 35.3): 

This technique was developed successfully in mi- 

ce. We applied it successfully in pigs and subse- 

quently to man. The principle is the percutaneous 

introduction of a Gene-Cath via the internal jugular 

vein or femoral vein to the hepatic vein. Then a 

large volume of fluid containing the therapeutic 

gene is injected rapidly. This creates a large pres- 

sure on the hepatocyte and produces holes in their 

Fig. 35.1. Schematic guide of the stent routing via the right neck to 
obtain access to the hepatic veins feeding the left lobe the liver in 
the pig. 
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Fig. 35.2. Hydrodynamic gene delivery with thrombopoietic gene in 
a patient with thrombocytopenia due to liver cirrhosis complicating 
with hepatitis C. The Gene-Cath ascending is from the femoral vein 
to the left hepatic vein via inferior vena cava. The balloon is inflated 
and following contrast injection the venous drainage of the left lobe 
is opacified. 

Fig. 35.3. CT scan of a patient with hepatocellular carcinoma compli- 
cating liver cirrhosis. The tumour is occupying most of the right li- 
ver. Following administration of p53 gene therapy, the tumour di- 
sappeared completely. Consecutive scan were performed after 3, 6 
and 12 months. 

cell membrane through which the plasmid gets en- 

try into the hepatocytes. 

(2) The cholesterol-DNA mixture that allows genes to 

be introduced into the hepatocytes via a systemic 

injection. This is a new technique and if successful 

will contribute greatly to the field. 

(3) Combination of gene with cell therapy and in par- 

ticular with adult bone-marrow derived stem cells 

progenitors. This approach allows the introduction 

of genes using viral vectors in an in-vitro ex-vivo 

approach where the cells are exposed to the vector 

and then the cells are washed. This would remove 

any virus that is still remaining outside the cells, 

therefore reducing the risks of potential toxicity 

and potential immune reactions. 

Some of the clinical applications potentially could 

include the following: 

-Introducing the genetically defective genes in adult 

bone marrow stem cell progenitors in diseases such 

as cystic fibrosis, glycogen storage diseases etc. 

- Introducing siRNA in the stem cells in order to pro- 

tect them from HBV and HCV infection. 

-Introducing in the stem cells anti-cancer genes that 

would produce soluble tumour suppressor genes, cy- 

tokines or suicidal genes with by-stander effect. 

We believe that the above three approaches will 

have their clinical debut in the near future. If successful 

this will lead to the introduction of clinical gene 

therapy in conditions, where transient gene expression 

could be beneficial in patients with liver disease. 

Long term gene expression will remain a problem 

with existing technologies. Currently the only techno- 

logy that offers gene expression is with integrating vi- 

ruses such as retrovirus, lentivirus or some non-viral 

approaches such as with the integrate system. These 

approaches succeed in long term expression as they 

lead to genetic integration in the host DNA. However, 

the integration is random and can occur at sensitive lo- 

cus that may lead to activation of an oncogene or ina- 
, 

ctivation of a tumour suppressor gene leading to cell 

malignant transformation. At the time of writing long 

term gene expression remains a clinical challenge that 

still awaits further scientific breakthrough. 

It is a reality that sometimes attractive scientific and 

biological concepts take long time for their clinical ex- 
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ploitation. Translational research can be a long lead way 

from the basic science discovery to the clinical appli- 

cation such as in the monoclonal field. Once conside- 

red as an area that never delivered monoclonal antibo- 

dies have provided recently important pharmaceuticals 

nearly three decades following their d6but in basic re- 

search. No doubt the same will happen in the gene the- 

rapy area. Its success will be both in its purest basic form 

with systemic and local delivery of genetic material as 

well as piggy-backed on the cell therapy application 

such as stem cell, adoptive T-cell or dendritic cell. When 

the gene therapy field will succeed it will have a major 

positive impact in the management of patients with li- 

ver diseases. 

In this paper we summarised recent developments 

in gene therapy for malignant and non malignant liver 

diseases. 

35.2. Gene Therapy Vectors 

The liver is an attractive target for in vivo gene transfer 

because hepatocytes are readily accessible via blood 

stream. The endothelium of hepatic sinusoids displays 

100 nm wide fenestrations and that allows macromole- 

cules to cross the endothelium and reach the hepato- 

cytes. However, in liver tumours, endothelium is no 

longer fenestrated due to the capillarisation of endo- 

thelium and thickness of basal membrane, thus preven- 

ting effective gene transfer [1]. The last decade has 

witnessed the blossoming of studies devoted to gene 

transfer to livei" using different strategies, viral and 

non-viral vectors. 

35.2 .1 .  Non-Viral  Vectors  

Non-viral vectors have some advantages over viral ve- 

ctors. The handling is easier, toxicity is low, the capa- 

city for DNA sequences is high, they can be specific 

targeted to a tissue, they are not immunogenic and the- 

refore permitting multiple administration [2]. How- 

ever, the transduction efficiency is relatively low. 

Naked DNA approach in which plasmid DNA is di- 

rectly injected into tissues have been pioneered by 

Wolff et al [3] and has shown DNA incorporation in li- 

ver cells. A major advance in this approach was deve- 

loped recently using tail vein delivery procedure, 

which allows efficient transduction of hepatocytes (up 

to 40%) [4]. However, the clinical relevance of this 

technique is questionable. 

Another non-viral system is DNA-protein comple- 

xes system, developed in 1980s. Hepatocytes were 

specifically targeted via asialglycoprotein or transfer- 

ring receptor [5], however, low transgene expression 

and the absence of sustained expression limited the 

development of this system. 

35.2 .2 .  Viral Vectors  

Viral vectors are the most efficient vehicles for gene 

transfer to the liver in vivo. Different viruses have been 

used to construct gene therapy vectors including ade- 

novirus, retrovirus, adeno associated virus, lentivirus, 

herpesvirus, baculovirus, SV40 virus and others. 

35 .2 .2 .1 .  Retrov iruses  

Retroviruses contain RNA genome that is reverse-trans- 

cribed into cDNA after entering the cell and have the 

ability to integrate into the host genome of a dividing 

cell [6]. Although the integration does not guarantee 

stable expression of transferred gene, it is an effective 

way to maintain genetic information in self renewing 

tissue. Liver tissue is difficult to transduce, because he- 

patocytes do not proliferate under physiological condi- 

tions. Also, it has been shown that when using high- 

titer retroviral vectors, an immune response directed 

against the transgene product hampered its long-term 

expression [7, 8]. 

More recently, another group of retroviruses, ter- 

med lentiviruses have been engineered. Lentiviral ve- 

ctors, mainly derived from human immunodeficiency vi- 

rus (HIV) can transduce cells that are not undergoing 

cell division. Gene transfer into the intact liver has been 

shown, however, studies indicate that efficient in vivo 

lentiviral transduction of the hepatocytes requires cell 

cycling [9, 10]. There are some concerns regarding the 

use of lentiviruses in clinical applications, mainly be- 

cause of their integration at the sites of active transcri- 

ption [ 11 ]. 

35 .2 .2 .2 .  Adenov i ra l  V e c t o r s  

Recombinant adenoviruses can efficiently deliver ge- 

nes to the liver. When administered systemically they 

localise predominantly in the liver [12] and can trans- 
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duce both dividing and non-dividing cells. First gene- 

ration adenoviral vectors are double stranded DNA 

virions that have a deleted E1 gene. They have been 

used in animal models and clinical applications [13]. 

Although their ability to efficiently infect quiescent he- 

patocytes, it has been shown that the gene expression 

was transient due to the cytotoxic immune elimination 

of transduced hepatocytes [14]. Several strategies have 

been considered and developed to overcome immune 

rejection, including vector modification. This was ob- 

tained in second and third generation vectors, which 

contain additional deletions in E2 and/or E3 and E4 

genes [15]. Pilot clinical study has shown very little ex- 
pression of E1/E4-deleted adenovirus vector in human 

liver. Moreover, it was fatal in one case due to the 

massive inflammatory response and the trial was stop- 

ped [ 16]. 

Another strategy was the development of so called 

gutless vectors. These fully viral deleted vectors requi- 

re helper adenoviral infection for provision of the viral 

proteins. They showed reduced toxicity and host im- 

mune response against vector and prolonged transgene 

expression [17] and are promising tool for liver gene 
therapy. 

25.2.2.3. Adeno  Assoc ia ted  Virus (AAV) 

Adeno associated virus (AAV) are single stranded DNA 

virus. They can transduce dividing and non-dividing 

cells and allow long term expression either by incor- 
poration intothe genome or by persistence in the cells 

in episomal form [18]. When injected systemically, 

AAV mainly localise in liver. They are devoid of all ge- 

nes and do not induce virus-directed immune respon- 

se. Several animal studies have shown that they can 

transduce hepatocytes for prolonged period of time 

[19, 20] and they may be a promising tool for future li- 

ver gene therapy. 

35.3. Gene Therapy for Liver Tumours 

The main treatment strategy for liver tumours irrespe- 

ctively of their origin (either primary hepatocellular 

carcinoma (HCC) or liver metastases) is surgical rese- 

ction, which is associated with high risk of relapse. Li- 

ver transplantation, which is considered the most effe- 

ctive therapeutic strategy, is not applicable universally 

due to the shortage of organ donation. Moreover, con- 

ventional chemo- or radiotherapy is ineffective for 
HCC [21]. 

Therefore, several gene therapy strategies for liver 

tumours have been developed over the last decade. 

These strategies aimed at replacing function of tumour 

suppressor genes, sensitising tumour cells to prodrugs, 

stimulating the antitumoural immune response, antian- 

giogenic gene therapy [22]. Some of the developed ge- 

ne therapy therapeutic strategies have been translated 

from bench to bedside with various successes. 

35.3.1. p53 Suppressor Gene 

The function of p53 tumour suppressor gene is lost in 

many cancers, including HCC. The altered p53 fun- 

ction leads to enhanced cell growth and tumour resi- 

stance to chemo- and radiotherapy [23, 24]. p53 gene 

therapy has been therefore proposed as possible anti 

tumour strategy. It has been shown that wt-p53 inhibits 

in vitro cell growth of HCC [25], induces cell apoptosis 

[26] and increases HCC sensitivity to chemotherapeu- 

tic agents [27]. Intra-tumoral [28] and repeated intra- 

arterial injections [29] of adenoviral vector expressing 

p53 inhibited tumour growth in experimental animal 

models of HCC. 

A decade ago we performed the first pilot study as- 

sessing the therapeutic potential of percutaneous intra- 

tumoral injection of wt-p53 in five patients with pri- 
mary HCC [30]. The protocol consisted of single intra- 

tumoral injection of p53 naked DNA under computed 

tomography (CT) scan control. The study showed that 

three out of five patients responded to wt-p53, with 
the reduction of the tumour volume and significant fall 

in alpha-fetoprotein. In contrast, when patients with 

colorectal liver metastases were treated with naked 

wt-p53 no objective response was observed [31, 32]. 

In order to completely eliminate the tumour and trig- 

ger apoptosis, the tumour suppressor gene should be 

expressed in every single tumour cell. Unfortunately, 

such an approach is currently beyond the capabilities 

of current vectors and significantly better gene therapy 

vectors must be designed to overcome the problem. 

On the other hand, Guan et al [33] treated a patient 

with the multiple hepatic nodules which precluded re- 

operation with p53 gene therapy combined with trans- 
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catheter arterial chemoembolisation (TACE). They ha- 

ve injected p53 gene therapy (Gendicine) intratumo- 

rally in the largest nodule, followed by the infusion of 

p53 gene via the hepatic artery. Four days later they 

super-selectively embolised the patient's hepatic arte- 

ries with 5-fluorouracil, vinorelbine, and iodised oil. 

Seven months later, the patient had normal liver fun- 

ction and was in good clinical health with alpha-feto- 

protein levels falling to normal. No further recurrence 

has been identified. 

35.3.2. Oncolytic Viruses 

Oncolytic viruses are designed to replicate selectively 

in cancer cells and destroy them by lysis. The most de- 

veloped oncolytic viruses are E1B-deleted adenoviru- 

ses that replicate in p53 deficient tumour cells [34]. 

d11520 (ONYX-015) is a replication-selective adenovi- 

rus type 2/5 chimera with a deletion in the EIB-55kD 

gene. Because Elb-55kD binds to and inactivates the 

p53 gene product, this mutant is unable to overcome 

the p53 mediated blockade of viral application in a 

normal cell [35]. In a tumour cell devoid of endoge- 

nous wt-p53 gene, EIB-55kD is expendable for p53 

inhibition and is able to replicate [34]. HCC cells are 

susceptible to cell death induced by EIB-deleted viru- 

ses, which also had in vivo anti-tumour effect [36-38]. 

We reported the results of phase I and II studies, in 

which patients with advanced primary and secondary 

liver tumours were treated with dl1520 adenovirus [39]. 

The adenovirus was given via three different routes: 

intratumoral, intraarterial and intravenous. It was well 

tolerated as either montherapy or in combination with 
chemotherapy (5-flurouracil). However, there was no 

significant reduction in tumour size as measured by CT 

scan. Similar was observed in randomised prospective 

study, which included patients with HCC [40]. Patients 

were treated with d11520 adenovirus and analysis sho- 

wed that only one patient partially responded to gene 

therapy treatment, while four others showed disease 

progression. Anotl~er group performed phase I clinical 

study using d11520 adenovirus. Reid et al [41] admini- 

stered d11520 into hepatic artery in dose escalating 

manner for two cycles (days 1 and 8). Subsequent cy- 

cles of d11520 were administered in combination with 

intravenous 5-flurouracil and leucovorin. The treat- 

ment was well tolerated; however the objective res- 

ponse was only demonstrated in one patient, who re- 

ceived both d11520 and 5-flurouracil, suggesting che- 

motherapy associated antitumoral effect. 

35.3.3. Genetic Prodrug Activation 

Molecular chemotherapy selectively transducing tu- 

mour cells with any genes (i.e. suicide genes) that ren- 

der them sensitive to prodrugs that are innocuous for 

non-transduced ceils. Such genes encode enzymes that 
convert the prodrug into a toxic metabolite. The de- 

struction of non-transduced cells, so called "by-stan- 

der" effect is probably caused by the diffusion of the 

toxic metabolites to non-transduced neighbouring cells 

[42] and possibly stimulating anti-tumoral immune re- 

sponse [43]. The most common molecular chemothe- 

rapy system developed is the herpes simplex virus thy- 

midin kinase (HSV-tk) given in combination with gan- 

ciclovir (GVC) [44]. HSV-tk phosphorylates GVC, tri- 

phosphorylated GVC incorporates into cellular DNA 

and inhibits DNA polymerase, what is leading to cell 

death [45]. HSV-tk transduced HCC cells are highly 

sensitive to GSV both in vitro [46] and in vivo [47, 48]. 

However, to completely eradicate tumours, repeated 

injections of the viral vector was required [47]. Syste- 

mic administration of adenoviruses resulted in severe 

liver dysfunction and high mortality [48, 49]. Intatu- 

moral vector injection and the use of tumour-specific 

promoters such as alpha-fetoprotein have been shown 

to be safer [47, 50]. 

Sung et al [51] conducted a clinical phase I trial in 
patients with metastatic colorectal adenocarcinoma in 
the liver and demonstrated safety of intratumoral ade- 
novirus RSV-tk injection followed by intravenous GVC. 
Again, the major obstacle preventing further develop- 

ment of genetic prodrug activation strategies is the 
inefficiency of gene delivery, systemic administration 

of the current vectors does not allows significant tu- 
mour cell transduction in vivo. 

35.3.4. Genetic Immunotherapy 

Immunotherapeutic strategies can be used to manipu- 

late patient's immune system to stimulate anti-turnout 

immunity. Many gene therapy approaches have been 

developed for the therapeutic vaccination, including 

DNA vaccine, dendritic cells and allogenic tumour 

cells. Most of the strategies involve transfering genes of 
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immunostimulating molecules such as interleukin-2 

(IL-2), interleukin-12 (IL-12), interferon-a, interferon- 

B and tumour necrosis factor-a (TNF-a) [22]. Interleu- 

kin-12 is a particularly potent anti-tumour cytokine which 

induces a TH1 type of response, activates cytotoxic T 
lymphocytes and natural killer cells and displays ro- 

bust anti-angiogenic activities [52]. It has been reported 
that gene therapy with IL-12 induces tumour eradica- 

tion without significant toxicity in experimental model 

of HCC [53]. Sangro et al [54] performed clinical trail 

in patiens with liver tumors, both primary or seconda- 

ry tumours. Patinets received 1-3 intra-tumoral inje- 

ctions of a first-generation adenoviral vector encoding 

human IL-12 genes.The treatment was without any sig- 

nificant side effects, however, the anti-tumor effect was 

weak with only one partial response in a patient with 
HCC. Another clinical trial was performed in patients 

with primary or metastatic liver cancer using intra-tu- 
moral injections of monocyte-derived DC transduced 

with adenoviral vectors encoding IL-12 [55]. The pa- 

tients received up to three equal doses of cells at 21 

days intervals. Although the procedure was well tole- 

rated, the elicited anti-tumor effect was weak. 

Administration of a vaccine combining Modified 

Vaccinia Ankara (MVA) vector with 5T4 elicits immu- 

ne responses. Clinical trial to investigate the immuno- 

logical effects of the vaccine, which has been admini- 

stred before and after the surgical resection of colore- 
ctal cancer liver metastases showed that MVA-5T4 

vaccine (Trovax) was safe, well tolerated and it indu- 
ced immune response in the majority of the patients 

treated [56]. 

35.4. Gene Therapy for Hepatitis B and C 

Hepatitis viruses which are leading causes for chronic 

liver disease worldwide, including cirrhosis and hepa- 

tocellular carcinoma [57, 58]. Therapeutic options for 

these viral infections are still limited by their short-li- 

ved effect, the emergence of escape mutants after pro- 

longed treatment and their inability to totally eradicate 

the virus. Different strategies such as RNA interference 

(RNAi) and DNA vaccine have been considered for 

gene therapy for viral hepatitis. 

RNAi is gaining favor as a potential therapeutic op- 

tion for the treatment of virial hepatitis. RNAi, first di- 

scovered in plants, induces sequence specific degra- 

dation of messenger RNA following the introduction of 
short interference RNA (siRNA). 

Several in vitro and in vivo experiments done so far 

conceivably demonstrated the effectiveness of RNAi in 
inhibition of hepatitis B and C [59]. However, much 
work have to be done before applying the RNAi in hu- 
mans, developing efficient delivery methods improve 

delivery, maintain specificity and limit the develop- 

ment of virus resistance. 

Another strategy is the use of DNA vaccine because 

of their ability to induce T-cell responses and stimulate 

antiviral immunity. Clinical trials have been already 

performed to test the safety, tolerability, and immuno- 

genicity of a particle-mediated DNA vaccine against 
hepatitis B [60, 61]. The first trial demonstrated that 
particle-mediated administration of DNA encoding 

HBsAg was safe and well tolerated and in humans [60]. 
In the second trial, a DNA vaccine against the hepatitis-B 

virus was evaluated for safety and induction of immu- 

ne responses in 12 healthy, hepatitis-naive human vo- 

lunteers [61]. The second trial showed safety, tolerabi- 

lity, and immunogenicity of escalating doses of the 

DNA vaccine and a first demonstration of a DNA vacci- 

ne inducing protective antibody titers and both humo- 

ral and cell-mediated immune responses in humans. 

35.5. Gene Therapy for Liver Cirrhosis 

Gene therapy for liver cirrhosis is another option to re- 
pair chronic liver damage. Several different approa- 
ches have been considered as therapeutic strategies for 

cirrhosis. As summarised by Prieto et al [62] strategies 
include blockage of tumour necrosis factor B (TGF 6) 
signalling, which resulted in reduced liver fibrosis in 

rats [63]. Introducing plasmid carrying hepatocyte 

growth factor (HGF) into livers of rats with lethal liver 

cirrhosis showed inhibited fibrogenesis and hepatocy- 
te apotosis and improved survival [64]. Administration 

of adeno-mediated metalloproteinase 1 (MMP1) , im- 
proved liver fibrosis, decreased the number of hepatic 

stellate cells and increased weight in rats with liver 

cirrhosis [65]. However, gene therapy for liver cirr- 

hosis is still in developemental phase and no human 

clinical trial has been been performed yet. 
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36.1. Introduction 

Trauma is the leading cause of death up to the age of 

44, while in all age groups trauma related mortality is 

surpassed only by cancer and atherosclerosis. The liver 

is the second most commonly injured organ in blunt 

and the first in penetrating abdominal trauma [1]. Both 

blunt and penetrating liver injuries are more common 

in male adults who drive motor vehicles or engage in 

fighting. Although the prevalence of blunt liver injury 

has increased during the past three decades it is not 

certain whether this represents an actual increase in 

incidence or an artificial effect due to improvement in 

diagnostic modalities [2]. A definite decline in total 

mortality from complex hepatic injuries has been re- 

corded, from almost 60% before 1990 to 10215% now- 

adays [3]. However, damage to the liver remains the 

most common cause of death after abdominal injury, 
being responsible for more than 50% of all deaths after 
blunt abdominal trauma [4]. Liver injuries can be dete- 

cted in up to 25% of patients with blunt trauma if who- 

le-body computed tomography (CT) is performed on 
every severely injured patient [5]. 

wounds [6]. Historically, the first successful treatment 

of a liver injury is attributed to Hildanus in the early 

seventeenth century, who surgically treated a liver stab 

injury. Pringle in 1908 described direct compression 
of liver injuries with packs as well as digital compres- 

sion of the portal triad to stop massive hemorrhage [7]. 
Hemorrhage control techniques used during the early 

1900s included the use of the Pringle manoeuvre, 

cautery, packing with various materials such as gauze, 

muscle or omentum, and direct suture ligation carried 

out with a blunt, noncutting, supple needle [8]. 

In 1965 the diagnostic peritoneal lavage (DPL) was 

introduced [9] as an adjunct followed by the introdu- 

ction of computed tomography (CT) in 1981 for the 
evaluation of the trauma patient [10]. Through the in- 

creased use of CT, it became evident that many liver 

injuries, particularly Grade I and II, did not require an 

operation, thus leading to the concept of nonoperative 

treatment [11]. During the same period damage con- 

trol surgery was described for the first time [12]. Non- 

operative management of abdominal trauma remaines 

the standard of care for most blunt trauma patients as 
well as for selected penetrating liver trauma cases [13, 

141. 

36.3. Anatomy of the Liver and Physiology 
of Liver Injury 

36.2. HiStorical Evolution 

The problem of liver injury was first addressed in a 

1904 review by Triton, who showed that, rupture of 

the liver was associated with mortality approaching 

80% if the wound was caused by blunt forces, 40% if 

caused by gunshot wounds, and 38% if caused by stab 

The liver is the largest solid abdominal organ with a 

relatively fixed position which, despite its protection 

by the ribs, makes it prone to injury. 

The anatomic descriptions of the liver are based on 

hepatic vasculature. Cantlie first described the main 

anatomic divisions along a main plane (Cantlie line) 

extending from the gallbladder fossa to the inferior ve- 

na cava, reaching the superior surface of the liver to 
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the right of the falciform ligament [15]. Couinaud refi- 

ned the functional anatomy further and demonstrated 
that the liver was divided into 4 sectors and 8 seg- 

ments [16]. The liver is divided by vertical and oblique 

planes, or scissurae, defined by the 3 main hepatic 

veins and a transverse plane or transverse scissura 

following a line drawn through the right and left portal 

branches. Hepatic veins lie between segments. The left 

hepatic vein divides the left side of the liver into me- 

dial and lateral segments. The middle hepatic vein di- 

vides the liver into left and right lobes. The right hepa- 

tic vein divides the right side of the liver into anterior 
and posterior segments. A further imaginary line (hori- 

zontal) drawn through the left and right main portal 

vein branches may be used to divide the hepatic lobes 

into superior and inferior segments. Determining the 
anatomy of the liver segments allows accurate localiza- 

tion of hepatic damage relative to the hepatic vascula- 

ture. The 8 liver segments (namely 1, 2, 3, 4a, 4b, 5, 6, 

7, 8) are numbered clockwise on the frontal view (see 
figures in chapter "liver anatomy") [17]. 

Most liver injuries (> 85%) involve segments 6, 7, 
and 8 [18]. This type of injury is believed to result from 

simple compression against the fixed ribs, spine, or 

posterior abdominal wall. Pressure through the right 
hemithorax may propagate through the diaphragm, 

causing a contusion of the dome of the right lobe of 

the liver. This type of liver injury occurs more easily in 

children than in adults because the ribs are more flexi- 

ble, allowing force to be transmitted to the liver. The 
liver's ligamentous attachment to the diaphragm and 
the posterior abdominal wall can act as sites of shear 
forces during deceleration injury. Liver injury can also 
result from transmission of excessively high venous 
pressure to remote body sites occurring at the time of 
impact. Deceleration injuries produce shearing forces 
that may tear hepatic lobes from each other and often 

involve the inferior vena cava and hepatic veins. Be- 

cause the hepatic veins lie in rigid canals and contract 

poorly, the liver is incapable of achieving spontaneous 

hemostasis after injury. Gallbladder injuries are rare. 

Predisposing factors for gallbladder injuries include al- 

cohol ingestion, which increases tone of the sphincter 
of Oddi, and a normal distended gallbladder. Parado- 
xically, chronic cholecystitis is less prone to rupture 

[19]. 

36.4. Classification 

Through time, many schemes for the classification of 
liver trauma have been introduced in an effort to accu- 
rately and objectively describe liver trauma and proba- 

bly predict patient's outcome [20]. 

36.4.1. Anatomical Classification 

In 1990, Buechter suggested that the extent of paren- 

chymal damage could be quantified by the number of 
liver segments involved and concluded that trauma 
involving two or more segments was associated with a 
significantly worse prognosis [21]. Furthermore, there 
appeared to be a direct correlation between morbidity 
and mortality rates and the volume of damaged hepa- 
tic tissue. This scheme provided a reproducible but 
rather simplistic way of reporting and comparing liver 

trauma, concentrating on the anatomical and operative 
aspects of the liver injury with minimal attention to the 

extent of vascular injuries. In addition, it was not very 
clear which injuries might benefit from a conservative 
approach to treatment, which began to be more widely 
adopted in the early 1990s. 

36.4.2. Vascular Injury Classification 

Early classification systems acknowledged that ultima- 
tely the extent of vascular injury, rather than the mag- 

nitude of the parenchymal damage, was the principal 

prognostic factor in patients with liver trauma. In 1994, 
Namieno proposed a three grade classification based 
on vessel injury: Grade I, subcapsular Glissonian vessel 
injuries; Grade II, transcapsular Glissonian vessel inju- 
ries; and grade III, in-/out-flow vessel injuries [22]. 
However, Namieno's classification did not have a sig- 
nificant impact as it concentrated mainly on the extent 
of the vascular injuries and failed to acknowledge that 

extensive parenchymal damage may well have a com- 

parable outcome with some of the lesser vascular le- 
sions. 

36.4.3. Radiologic Classification 

With the institution of CT for the evaluation of liver 
trauma, radiologic classifications were introduced. Se- 
veral systems have been devised to classify liver inju- 
ries; however, the lack of consistency in scoring seve- 
rity in organ injury presents a significant problem. To 
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rectify the problem, the American Association for the 
Surgery of Trauma (AAST) developed a system based 
on the amount of anatomic disruption of an individual 
organ [23]. The AAST injury grading scale's major 

drawback is that it includes some criteria that cannot 
be assessed by CT. Wide discrepancies have been found 
between the CT injury grade and the intraoperative 
findings, with CT findings generally leading to undere- 
stimation of injury severity [24]. 

36.4.4. Mirvis Revision 

Using the AAST injury scale, Mirvis and co-workers 

developed a CT-based injury severity grading scale for 

blunt hepatic trauma. The Mirvis CT-based grading sy- 

stem is useful in predicting treatment needs and gui- 

ding management [25]. 

36.5. Diagnosis 

Although physical examination remains the cornersto- 

ne of investigation, modern technology plays a major 

role in the diagnosis and follow-up of abdominal trau- 
ma. Many modalities, such as diagnostic peritoneal 

aspiration or lavage, computed tomography (CT) scan, 

focused abdominal sonography for trauma (FAST), and 

laparoscopy have been extensively evaluated in both 

blunt and penetrating trauma. 

36.5.1. Physical Examination 

The presence of obvious peritonitis or hemodynamic 

instability is a strong indication for emergency lapa- 
rotomy. The initial examination is often unreliable, 
mostly in children [26, 27]. Only 25.5% of patients 
with abdominal or pelvic tenderness were noted to 

suffer an intraabdominal injury confirmed by CT scan 

of the abdomen and pelvis [28]. Likewise, only 20% of 

those patients with a documented seat belt sign have 

intraabdominal injuries confirmed. The use of routine 

laboratory screening of hemoglobin, serum lactate le- 

vels, and arterial blood gas analysis fails to be predi- 

ctive of patients sustaining intraabdominal injury se- 
condary to trauma. Vital signs in the emergency de- 

partment do correlate with the presence of intraabdo- 

minal injury, as 40% of patients admitted with hypo- 

tension had confirmed injury [29]. Since only a small 
percentage of trauma patients present with significant 
hemodynamic instability, trauma surgeons have been 

led to rely on additional diagnostic modalities to de- 

termine the presence or absence of intraabdominal 

injury [30]. 

36.5.2. C o m p u t e d  Tomography 

Since the 1980s, CT has emerged as the imaging moda- 
lity of choice for evaluating the hemodynamically sta- 
ble patient with blunt trauma [10]. It can accurately help 
in identifying hepatic parenchymal injuries and their 

grade as well as quantifying the presence of hemoperi- 
tonneum and revealing associated injuries in other 
intra- and retroperitoneal structures [30]. The accuracy 
of CT in hemodynamically stable blunt trauma patients 
has been well established. Sensitivity ranges between 

92% and 97.6% and specificity is reported as high as 
98.7% in patients subjected to emergency CT [31]. The 
negative predictive value (99.63%) of CT is sufficiently 

high to permit safe discharge of Blunt Abdominal Trau- 

ma (BAT) patients following a negative CT scan. [13]. 

For an accurate diagnosis the examination should 

include the body from the diaphragms to pubic sym- 

physis with slice thickness of 5 mm and pitch of 1.5. 

Scanning time has to be short to reduce artifact due to 

breathing and motion, especially in non-cooperative 
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critical patients. Contrast examinations are superior, if 

the haemodynamic condition of the patient is stable 

enough, and provide superior information about the 

densitometric characteristics of various organs and any 

eventual peritoneal or retroperitoneal fluid collections 

[32]. 

36.5.3. Important CT Findings 

Major CT findings in hepatic trauma include contusion, 

laceration, subcapsular hematoma, active bleeding, and 

vascular lesions, such as pseudoaneurysms and trauma- 

tic arteriovenous fistulas, juxtahepatic venous injuries, 

and periportal low attenuation [33-36]. 

Hepatic contusion appears on contrast-enhanced CT 

as a poorly marginated low attenuation area compared 

with the normal enhancing hepatic parenchyma. 

Hepatic lacerations (fig. 36.1) appear as well-defi- 

ned, linear, or branching areas of low attenuation 

within the enhancing liver parenchyma. Perihepatic 

and intraperitoneal blood are common with liver lace- 

rations and indicate tearing of the hepatic capsule. 

Hepatic subcapsular hematomas (fig. 36.2) are seen 

on contrast-enhanced CT as a low-density crescentic 

collection of blood, typically around the right lateral 

hepatic margin. A subcapsular hematoma often com- 

presses the underlying hepatic parenchyma, a chara- 

cteristic that is useful in distinguishing this lesion from 

perihepatic blood. 

Pseudoaneurysms and arteriovenous fistulas are he- 

patic vascular injuries that have a similar appearance 

Fig. 36.1. Grade IV hepatic laceration in a paediatic patient. 

Fig. 36.2. Subcapsular (a) and parenchymal (b) haematoma. 

on contrast-enhanced CT. Each of these lesions is seen 

as a well-circumscribed, rounded, high-density focus, 

usually surrounded by a low attenuation area. 

Active bleeding within the liver (fig. 36.3) appears 

as an irregular or linear high-attenuation focus of extra- 

vasated intravenous contrast material that remains high 

in attenuation and typically increases in size on excre- 

tory phase images. Active extravasation in the liver 

may be seen in the hepatic parenchyma, subcapsular 

space, or peritoneum. Active contrast material extrava- 

sation at contrast-enhanced CT is a strong predictor of 

failure of nonsurgical management, recommending 

prompt surgical or angiographic intervention. The CT 

attenuation of free intraperitoneal blood measures 

between 20 and 40 HU, whereas clotted blood or he- 

matoma measures between 40 and 70 HU. Active blee- 

ding measures within 10 HU of the density of the va- 

scular contrast material, seen within an adjacent major 

vessel. Helical CT has been shown to have 65% to 

100% sensitivity and 76% to 85% specificity for dete- 

ction of arterial vascular injury. 

Major hepatic venous injuries are suspected if CT 

reveals hepatic lacerations or hematomas that extend 

into one or more major hepatic veins or the inferior 

vena cava (IVC). Such lesions can be life threatening 

and are an indication for surgical treatment. 

Periportal low attenuation manifests as regions of 

low attenuation that parallel the portal vein and its 

branches on CT scans. Periportal low attenuation seen 

in proximity to a hepatic laceration may represent a 
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identify specific organ injury are the main factors that 
contributed to the decreasing use of DPL. Its role has 
largely been replaced by the emergency room ultra- 

sound for the hemodynamically unstable patients and 

the computed tomography scanning for the hemody- 

namically stable ones. However, DPL still has a defini- 

tive role in selected hypotensive patients, especially 

when ultrasound is either unavailable or nondiagno- 

stic. 

Fig. 36.3. On going liver hemorrhage surrounded by a large haema- 
toma. 

hemorrhage dissecting into the periportal connective 
tissue. 

36.5.4. Diagnostic Peritoneal Lavage (DPL) 

Diagnostic Peritoneal Lavage has become a well-acce- 
pted diagnostic technique in patients with either blunt 
or penetrating trauma since its introduction by Root in 

1965 [9]. The overall accuracy is 97-99%; false-positive 
rate is 1.4%, false-negative rate is 1.3% and its accuracy 

is 98.1% [37]. A disadvantage of the method is its ina- 
bility to help clinicians in determining the origin and 

extension of a traumatic lesion, often leading to non 

therapeutic laparotomies [38]. 

DPL is considered positive if one of the following 
criteria is met: 

• aspiration of more than 5 cc of gross blood, 
• red blood cell count of 100,000/mm 3, 
• white blood cell count of 500/mm 3, 

• Presence of bile, bacteria, food particles, or lavage 
fluid exited via a Foley catheter or chest tube [39]. 

The importance of interpreting DPL results in the 

context of the overall clinical condition of the patient 

is paramaount. This is especially true, since in the con- 

cept of non-operative management, the presence of 

blood in the peritoneum is no longer considered as in- 

dication for laparotomy in the haemodynamically sta- 
ble patient [30]. 

The invasiveness of the method and its inability to 

36.5.5. Ultrasonography 

In 1968, Holm set up the framework for using ultraso- 

nography in the trauma setting [40]. The initial focus of 
sonographic examination was a single view of the he- 

patorenal fossa (Morison's pouch). It was soon realized 

that a more comprehensive examination of the abdo- 

men improved detection of free fluid. 

The sensitivity of sonography depends on what is 

used as the "gold" standard to which US is compared. 

When sonographic results are compared with clinical 

outcome, the sensitivity rates of sonography are high, 

usually more than 95%, while only 63% when sonogra- 
phy is compared with CT or laparotomy and not using 

clinical observation as a gold standard. The probable 

reason for this discrepancy is that minor lacerations of 

the liver may be detected by CT but not by Focused 

Assessment with Sonography for Trauma (FAST). The- 

se patients do not require surgical intervention, and all 

improve clinically. In general, a positive sonogram 

proves the presence of intraperitoneal injury, whereas 

a negative sonogram fails to confidently exclude trau- 

matic organ lesions [41]. 
There are three main variations on abdominal ultra- 

sound for trauma. Focused Assessment with Sonogra- 
phy for Trauma, solid organ ultrasound, and contrast 
enhanced ultrasound. 

36.5.6. FAST 

This includes examinations of perihepatic, perisplenic, 

pelvic, and pericardial views for free fluid [42] (fig. 

36.4). Free fluid typically appears as a hypoechoic re- 

gion within the peritoneal cavity or pelvis and is usual- 

ly linear or triangular in shape. Examination of Mori- 

son's pouch has the highest detection rate of free fluid 

in these patients (66%) [43] (fig. 36.5). In the hands of 

most operators, ultrasound will detect a minimum of 
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200 mL of fluid. Injuries not associated with hemope- 

ritoneum may not be detected by this modality [13]. 

FAST compares favorably with more traditionally 

utilized diagnostic tests. In the hemodynamically un- 

stable patient with blunt abdominal injuries, FAST of- 

fers a viable alternative to DPL and reduces the mean 
time to completion of the diagnosis [41]. 

The main pitfall with locating "fluid" in the abdo- 

men of an unstable patient is the identity and origin of 

that fluid. In an unstable trauma patient, when doubt 

exists about fluid identity or its presence, some would 

perform a DPL or alternatively sterile emergency diag- 

nostic paracentesis under ultrasound guidance [44]. 

Fig. 36.4. FAST, examining perihepatic, perisplenic, pelvic, and peri- 
cardial space for free fluid. 

...... i~ ~ :  ,~ 

Fig. 36.5. Application of FAST in the Emergency Department (a). 
Blood is discovered around the liver (b). 

36.5.7. Solid Organ Ultrasound 

Sonography is also able to detect parenchymal organ 

abnormalities but fails to exclude abdominal injuries as 

accurately, with reported specificity ranging up to 99% 

and sensitivity near 85%. When identified, acute solid 
organ injuries are often echogenic. A discrete hypere- 
choic or diffuse hyperechoic pattern is seen with hepa- 
tic injuries [45]. 

36.5.8. Contrast Enhanced Ultrasound 

More recently, contrast-enhanced abdominal US has 

been used in the evaluation of solid organ injuries in 

trauma patients [46]. Initially used by cardiologists to 

improve visualization of the cardiac chambers and wall 
motion during transthoracic echocardiograms, ultra- 
sound contrast is finding increasing utility in body ul- 
trasound by using a sterile, nonpyrogenic suspension 
of microspheres of human serum albumin. An echoge- 
nic contrast effect is created, enhancing the image by 
producing contrasted images between the blood, or- 

gans, and soft tissue. In this manner, blood flow to and 

through specific organs can be seen [47]. The ultrasound 

contrast agent can greatly enhance ultrasound dete- 

ction of blood flow in normal vessels as well as extra- 

vasated blood from damaged vessels. Intrahepatic he- 

matomas are identified best on delayed scans during 

the latent phase of the contrast agent. The vasculature 

of each organ is easily seen. The entirety of the hepatic 

parenchyma is clearly visualized when enhanced with 

contrast [48]. The impact that this new technology will 

have on blunt abdominal trauma evaluation has yet to 
be determined. 
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36.6. Laparoscopy 

Minimally invasive surgery has achieved pre-eminence 
for certain operations in general surgery over the last 

two decades, as the reduction in surgical insult has pro- 
duced faster recovery with enhanced patient satisfa- 
ction and favourable health economics [49]. Minimally 
invasive techniques have been less enthusiastically 
adopted by the trauma surgical community, despite 

nearly 40 years of some evidence of efficacy [50]. The 
modern concept of diagnostic laparoscopy for trauma 

began in the 1960s, and as clearer indications emerge 
and technology improves, surgeons in the future will 
probably incorporate laparoscopy as a diagnostic and 

therapeutic tool in the traumatized patient [51 ]. 
Laparoscopy was found to have reduced the num- 

ber of nontherapeutic laparotomies performed for he- 
moperitoneum by 25% [52]. It allows direct visualisa- 
tion of intraperitoneal structures, but has the disadvan- 
tages of invasiveness, cost, a high incidence of false ne- 

gative examinations for certain injuries and an inability 
to assess the retroperitoneum effectively [2]. Laparo- 

scopic examination of injuries to the liver and spleen 

are limited to surface inspection of the damage. Addi- 

tionally, establishment of a pneumoperitoneum in the 
presence of diaphragmatic injury may lead to tension 
pneumothorax [53]. 

The most effective use of laparoscopy is when it is 
performed to answer specific questions, such as asses- 
sing whether a tangential gunshot wound has breached 
the peritoneal cavity or not. Laparoscopy has excellent 
sensitivity (96.2%) and specificity (100%) for determi- 
ning the need for therapeutic laparotomy [54]. 

36.7. Decision Making 

After initial resuscitation and investigation the question 
that arises is whether the patient should be managed 
operatively or non-operatively. 

Resuscitation follows standard ATLS principles: 

maintenance of a clear airway, urgent fluid resuscita- 

tion, ventilatory and circulatory support, and control of 

bleeding. Effective venous access should be obtained 

and volume replacement started immediately. The pa- 

tient's blood is grouped and crossmatched and blood 

samples should be sent for urgent analysis of haemo- 

globin concentration, white cell count, blood gas pres- 

sures, and urea, creatinine, and electrolyte concentra- 
tions. Patients should also have a nasogastric tube and 

urinary catheter inserted. 

36.7.1. Selection Criteria for Non-Operative 
Management 

Those patients, who meet the critical criterion of hae- 

modynamic stability and lack of signs that suggest peri- 

tonitis, can be managed nonoperatively [19]. The follo- 

wing signs are predictors of a more favourable outco- 

me: absent peritoneal signs or signs localized only in 

the Right Upper Quartond (RUQ), timely and precise 

CT scan delineation of the injury (Haemoperitoneum < 

500 ml on computed tomography), absence of associa- 
ted intra abdominal or retroperitoneal injuries on CT 
that require operative intervention and no excessive 
hepatic related transfusions (usually limited to four). 

Most importantly, centres without intensive care facili- 
ties and 24-hour access to surgeon and operating thea- 

tres should not manage these types of injuries. In order 

to control bleeding and achieve permanent haemody- 

namic stability, arterial embolization can be used as an 

adjunct to initial resuscitation when active arterial 

bleeding from liver, spleen or pelvic vessels has been 

shown during contrast enhanced CT scan [13]. 
Non operative management can be safely applied 

even in neurologically impaired patients [55] and an 
initial period of observation in the ICU can be useful 
until ongoing haemorrhage is excluded. Routine fol- 
low-up CT scanning for low-grade injuries is generally 

considered unnecessary. The clinical picture should 
guide the need for repeating imaging. Routine follow- 
up scans for high-grade injuries are contentious and 
there is a lack of evidence-based guidelines to assist in 
this regard. 

36.7.2. Selection Criteria for Operative 
Management 

Emergency surgery can be necessary either for that 

subgroup of trauma patients arriving at the emergency 

department haemodynamically unstable or for patients 

that were initially treated non-operatively but have 

deteriorated along the way. 

Those patients who remain in shock after 3 litres of 

intravenous fluid usually have continued bleeding and 
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require urgent laparotomy. Surgery should not be de- 

layed to obtain the results of special investigations. Along 

with haemodynamic instability other major indications 

for urgent laparotomy are stab or gunshot wounds that 

have penetrated the abdomen, signs of peritonitis, un- 

explained shock, evisceration, uncontrolled haemorr- 

hage, clinical deterioration during observation [19]. 

Although the decision of an urgent laparotomy is 

based almost exclusively on a clinical basis it has been 

shown that patients with an elevated injury severity 

score (ISS) present a significantly increased risk of fai- 

lure of nonsurgical management. 

Urgent surgery is recommended as the treatment of 

choice for patients with DPL findings consistant with 

bowel injury [56]. 

36.8. Non-Surgical Management 

Non-surgical management was not widely performed 

until the mid-1990s. From 1995 to 1999, two thirds of 

all patients subjected to blunt injury, were treated non- 

operatively, the percentage among them reaching 80% 

in the last 2 years. At the same time, patients with pe- 

netrating injuries continued, predominantly, to be trea- 

ted surgically [57]. This shift took place gradually after 

observations that, by the time of surgical exploration, 

the injury was frequently found to have stopped blee- 

ding in 50-80% of all patients. The rate of non thera- 

peutic laparotomy in this group of patients was as high 

as 67% [58]. These two findings set the stage for an 

overall reassessment of the management of blunt hepa- 

tic trauma [59]. 
Nonoperative management of blunt hepatic injuries 

has since become the treatment of choice in hemody- 

namically stable patients. The most important criterion 

for nonoperative management is that the patient is he- 

modynamically stable at arrival or is stabilized with 

minimal resuscitation therapy [60]. Patient selection is 

the key to success and to present no single selection 

criterion can predict which patients will fail nonope- 

rative treatment and eventually require celiotomy [61]. 

Several factors have promoted the use of conserva- 

tive therapy including: 

• The widespread use of new-generation CT scan that 

enables precise evaluation and grading of solid or- 

gans, reveales continuing arterial bleeding and redu- 

ces the risk of unrecognized hollow viscous injuries. 

• The high success rate and clinical benefits of angio- 

graphic embolization as the primary therapeutic op- 

tion for intra- or retroperitoneal bleeding. 

• A better understanding of the natural history and pa- 

thophysiology of organ injuries and associated com- 

plications. 

• A rate of up to 67% of non therapeutic exploratory 

celiotomies for the conventional management of he- 

patic and splenic injuries. 

• The understanding that operative measures disturb 

the newly formed clot of a major liver laceration. 

Monitoring guidelines include continous recording 

of systolic blood pressure, hematocrit level, urine out- 

put and an estimated amount of liver-related transfu- 

sion [4, 62]. Lesions of low or moderate grades (I-III), 

which represent 80% of all traumatic hepatic lesions, 

do not need intensive care monitoring [64]. However, 

there are no known parameters that can precisely re- 

flect the ongoing hepatic hemorrhage occurring before 

hemodynamic deterioration [63]. 

Conservative management of liver injury was de- 

scribed initially for grades I-III. Currently, clinical ex- 

perience has shown that haemodynamically stable pa- 

tients, even those with complex hepatic injuries (gra- 

des IV and V), may be managed non-operativelly in 

specialized centers [65]. 

36.8.1. Adjuncts to Non-Surgical Management 
of Hepatic Trauma 

36 .8 .1 .1 .  Computed Tomography 

The CT scan remains the first choice for imaging he- 

modynamically stable blunt abdominal trauma (fig. 

36.6). It accurately depicts hepatic, splenic, and hollow 

viscus injury and can guide safe nonoperative treat- 

ment in 80% to 90% of all injured adults [60]. It may be 

useful for evaluating a change in clinical parameters or 

patients at high risk or it can be used to document hea- 

ling. If vessel injury or active bleeding are suspected 

on the basis of CT scans of a stable patient, angiography 

should be carried out with the intent of embolizing the 

bleeding vessel [58]. 
Follow-up scans within 2 to 5 days can determine 

changes in the appearance of the injury. Follow up CT 
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Fig. 36.6. Two patients treated non-operatively with a Grade II lace- 
ration and perihepatc free fluid (a) and with a Grade III laceration 
(b). 

scans are not recommended for grade I to III injuries, 
while for more complex injuries (grade IV-V), they 

should only be applied on an individual basis [66]. 

3 6.8.1.2. Angiography 

Hepatic angiography is performed to localize a blee- 
ding site. It also allows embolization with Gelfoam pied- 
gets, coils or other devices for bleeding control and it 

should be carried out in cases of pseudoaneurysms be- 
fore further bleeding develops (fig. 36.7) [60]. It is also 
useful in selected patients after surgical hepatic packing, 

when there is evidence of ongoing arterial haemorrha- 

.... ......... 

ge [67]. These indications have increased the use of an- 

giography and embolization for hemorrhage control 

from less than 1% to 9% [57]. The absence of extrava- 
sation correlates well with successful nonsurgical ma- 

nagement. The sensitivity and accuracy of angiography 

in the diagnosis of hepatic injuries is high. Hemobilia 

secondary to penetrating trauma may be localized with 

arteriography allowing selective hepatic arterial embo- 

lization to be performed for treatment [68]. Angiogra- 

phic embolization is the first-line treatment of delayed 

vascular complications. The rate of success of emboli- 
zation of post-traumatic hepatic vascular complications 

is very high, ranging from 88 to 94% [59]. A mortality 
of 30% has been reported in those patients suffering 

grade IV and V liver injuries who were subjected to 

angiographic embolization as an adjunct to surgery, 

which is a significant improvement when compared to 

the 65% mortality reported for those with a compara- 

ble grade of injury who had not been subjected to an- 

gioembolization [69]. Although gallbladder infarction 
has been reported to occur in up to 53% of patients un- 
dergoing selective right hepatic artery embolization 
for hepatocellular carcinoma, this complication has not 
been reported in the trauma literature [70]. 

36 .8 .1 .3 .  ERCP 

About 5% of liver trauma results in a major biliary tract 
injury [60]. In such cases, ERCP allows accurate locali- 
zation of the fistula or tear and positioning a stent or 
nasobiliary drain. If a late biliary stricture is demon- 

Fig. 36.7. Selective catheterization 
of a bleeding intraparenchymal ar- 
tery (arrow) (a). Control of blee- 
ding by coil embolization (b). 
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strated after hepatic trauma, percutaneous or ERCP- 
guided stenting can be successful [71]. 

36 .8 .1 .4 .  Laparoscopy 

Although laparoscopy is an operative technique, it is 
favored by some institutions as an adjunct to NOMLI, 
because of its minimal invasiveness [72]. It can be used 
to detect abdominal causes for deterioration of pre- 
viously stable patients [73]. Nevertheless, owing to the 
required general anesthesia and the logistical and re- 
source demand, it conflicts with the core principles of 
non-operative management (NOM) of Liver Injuries. 

36.8 .2 .  Outcome 

Currently, in the adult population, the success rate of 
non-operative management of blunt hepatic injury ran- 
ges from 50 to 82 per cent [57]. Of those patients, who 
required an operation after failure of non-operative 
management, 67% were patients with grade IV or gra- 
de V injury. The success rate of non-operative trea- 
tment is high both for patients with low grade injuries 
as well for selected patients with high grade injuries 
[13]. Besides avoiding a non-therapeutic celiotomy and 
its inherent complications, it reduces transfusion requi- 
rements [4], shortens the length of stay in the ICU [74] 
and poses fewer intra-abdominal complications [59]. 

36.8.3. Complications 

36.8 .3 .1 .  Unrecognised Hollow Viscus Injury 

The true incidence of hollow viscus injury, associated 
with significant morbidity and mortality, is quite diffi- 
cult to assess, with reports varying from 0.7% to 26.5% 
[75]. Direct surgical inspection and early repair of inju- 
ries to the gastrointestinal and bilary tract are the sa- 
fest and best therapy known. However, routine laparo- 

tomy in all trauma patients at high risk of a ruptured 

bowel is probably not feasible or warranted. If there 
are no signs of peritoneal irritation, non-operative ma- 
nagement should be applied, in conjuction with close 
for signs of peritonitis which could lead to therapeutic 
laparotomy [76]. 

36.8.3.2. Biliary Injuries 

These are the second most common type of liver asso- 

ciated complications in patients undergoing NOM (bile 

lefik, bile peritonitis, biloma, biliary-venous fistula, and 
bile duct injury) [77]. Blunt or penetrating hepatic trau- 
ma and damage to the intrahepatic biliary tree and bile 
extravacasion remain a challenging problem. The ana- 
tomical disruption to the biliary tree may well be re- 
paired by endoscopic retrograde cholangiopancreato- 
graphy (ERCP) and stenting [60]. Perihepatic bile colle- 
ctions are currently managed expectantly or by inter- 
ventional radiologists using percutaneous techniques, 
with a success rate approaching 70% [78, 79]. 

36 .8 .3 .3 .  Delayed Haemorrhage 

Delayed hemorrhage is the most common complica- 
tion of the non-operative management of hepatic inju- 
ry and it is the usual indication for a delayed operation 
[80]. The incidence of delayed haemorrhage is less 
than 4% and blood transfusions are required in fewer 
than 20 per cent of those patients, with most of them 
requiring less than 4 units of blood [81]. Common treat- 
ment errors in patients with delayed haemorrhage in- 
clude: (1) assuming that the haemorrhage is not related 
to the liver, (2) treating ongoing liver haemorrhage 
with multiple (more than four) blood transfusions in 
the hope that it will stop, (3) misreading the abdomi- 
nal CT scan and underestimating the amount of haem- 
operitoneum or active hepatic haemorrhage (contrast 
"pooling"), and (4) overestimating the amount of blood 
loss from associated injuries [59]. 

36 .8 .3 .4 .  Intraabominal Abscess 

The rate of intra-abdominal abscesses does not increa- 
se with nonoperative management. CT-guided percu- 
taneous drainage of liver abscess is widely accepted as 
the mainstay of treatment, being successful in 78-100% 
of cases. All patients with a well-organized intrahepatic 
abscess should primarily undergo a trial of medical 
treatment and percutaneous drainage [59]. 

A major concern is determining the appropriate 
time for a patient to return to normal activities. In ex- 
perimental models there is complete liver restoration 
after 3-4 months but, after 3-6 weeks, the woundbrea- 
king strength of a hepatic injury equals that of uninju- 
red liver [82]. It is also known that a hepatic injury 
followed by serial CT shows healing within 3-4 months 
[83]. Currently, most institutes advise patients to avoid 
contact sports or heavy physical activity for just 8 
weeks after liver injury grades III-V [64]. 
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36.9. Operative Management 

Although most hepatic injuries can be safely treated by 
non-operative methods, many patients present or be- 
come haemodynamically unstable, even with a low- 
grade hepatic trauma, necessitating a rapid laparotomy 
[84]. Most patients require minimal treatment to obtain 
haemostasis, allowing more aggressive techniques to 
be reserved for extensive involvement of the hepatic 

parenchyma [85]. 

36.9.1. General Considerations 

The principles of operative treatment of hepatic trau- 
ma are the same, regardless of the severity of injury. 
They involve control of bleeding, removal of devitali- 
zed tissue and establishment of adequate drainage [86]. 
Most liver injuries can be properly managed with 
simple procedures [87]. The aim of treatment when 
dealing with a bleeding liver wound is to stop the blee- 
ding as quickly as possible, without further jeopardi- 
zing the viability of the injured organ [88]. The proce- 
dure of choice depends on the nature of the liver 
wound, the surgeon's experience and the patient's con- 

dition [89]. 
To deal with severe liver trauma, temporary control 

of hemorrhage and thorough exposure of the injured 
liver are the preconditions for success. 

In surgery, skin preparation should allow the exten- 
sion of a midline abdominal incision to a median ster- 
notomy or thoracotomy, if necessary, for adequate ex- 
posure of posterior liver injuries. If the indication for 
surgery is a penetrating injury, a bilateral subcostal inci- 
sion is a useful alternative [90]. Occlusion of the hepatic 
pedicle by the Pringle manoeuvre can provide a relative- 
ly avascular field if retrohepatic venus injury (RHVI) is 
not present. To expose the liver fully, the ligamentous 
attachments (falciform, right triangular, and coronary) 
should be divided to allow rotation of the liver [91]. 

36 .9 .2 .  Techniques 

36.9.2.1. Pringle Manoeuvre 

The occlusion of blood inflow to the liver, performed 

by clamping the hepatoduodenal ligament with a va- 
scular clamp, is known as the Pringle manoeuvre (fig. 

36.8) [7]. It is mostly utilized when active bleeding 

from a liver wound is encountered during exploratory 

Fig. 36.8. The Pringle 
manoeuvre. 

laparotomy. If the bleeding ceases, the source of blee- 
ding is either branches of the hepatic artery or tributa- 
ries of the portal vein. If the bleeding continues, it be- 
comes obvious that we are dealing with laceration of 
the hepatic veins or retrohepatic vena cava [92]. Oc- 
clusion of the portal triad in normothermia is safe for 
up to 60 minutes without any temporary interruption; 
there are reports of the Pringle manoeuvre being main- 
tained for up to 85 min without postoperative signs of 
liver dysfunction [93]. However, it is best to keep the 
time of occlusion as short as possible, because of the 
compromised tolerance of the liver to hypoxia in he- 
morrhagic shock [91]. Recent experimental data sug- 
gest the possibility of disruption of the gut barrier after 
the Pringle manoeuvre, followed by intestinal bacterial 
and endotoxin translocation, a phenomenon avoided 
by gut sterilization [94]. 

36.9.2.2. Direct Ligation 

This is used for severe parenchymal liver injuries. It is 
feasible through extension of the liver wound, exposu- 
re of damaged vessels and hepatic ducts which can 
then be directly ligated. Direct suturing of vessels is 
recommended when the bleeding is from the branches 
of the hepatic artery or tributaries of the portal vein. 
Disrupted bile ducts can also be ligated [87]. 

36.9.2.3. Resectional Debridement 

Debridement of the devitalized liver tissue down to 

normal hepatic parenchyma concomitant with suture 

ligation of the bleeding vessels (resectional debride- 

ment) is advocated when one lobe or segment of the 

liver is severely damaged (fig. 36.9) [95]. The portal 
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Fig. 36.9. Resectional debridement of damaged liver. Fig. 36.10. Omental packing. 

triad is usually clamped first and the finger fracture te- 

chnique or an ultrasonic dissector is used to dissect 

outside the area of injury [96]. Resectional debride- 

ment of devitalised tissue is comparatively quick to 

perform and reduces the risk of postoperative sepsis, 

secondary haemorrhage and bile leakage [56]. To 

avoid the formation of a biliary fistula, all involved li- 

ver parenchyma with major bile duct disruption must 

be resected even if vascularization seems adequate [97]. 

36.9.2.4. Omental Packing 

For deep liver lacerations with continuous venous blee- 

ding, packing the wound with vascularized omentum 

and brinking the wound edges together with a few su- 

tures is a useful procedure (fig. 36.10) [98]. The omen- 

tum is either partially removed from the left segment 

of the transverse colon or cut in a "Z" figure, providing 

its blood flow can be maintained, down to the dia- 

phragm to evenly cover the damaged liver or resected 

surface [56]. It provides an excellent source of macro- 

phages and fills a potentially dead space with viable 

tissue [99]. The authors have successfully treated 5 pa- 

tients with grade IV hepatic injury by omental packing 

without any complication. 

36.9.2.5. Hepatic Artery Ligation 

In cases where control of arterial bleeding by direct 

suture ligation is not possible, Dr Aaron's group sugge- 

sted selective ligation of the hepatic artery, a technique 

that obviated death in 59 of 60 patients treated [100]. 
No hepatic insufficiency was recorded among the sur- 

vivors, as reconstruction of intrahepatic arterial flow is 

rapidly accomplished by collaterals. When the source 

of bleeding involves laceration to hepatic veins or and 
retrohepatic vena cava, ligation of hepatic artery is 

ineffective [101]. When bleeding cannot be controlled 
by arterial ligation, the presence of accessory hepatic 
arteries from the superior mesenteric or left gastric ar- 
tery should also be suspected [102]. If blood flow to 
the right hepatic artery is occluded, the gallbladder 
shoud be removed to avoid necrosis, although this has 

not yet been completely documented. 
The technique is not frequently used because of its 

association with a high rate of infection and, despite 
Aaron's report, hepatic insufficiency [103]. Nonethe- 
less, it remains a useful alternative in desperate cases 
were the source of bleeding cannot be identified or if 
perihepatic packing fails to control massive.' arterial 

haemorrhage. 

36 .9 .2 .6 .  Parenchymal Sutures 

Hepatorraphy, the placement of large mattress sutures 

to compress liver parenchyma and bleeding vessels, 

was one of the first reported successful techniques, but 

has become unpopular due to significant complications 

[1]. Most sources of venous hemorrhage within the li- 
ver can be managed with parenchymal sutures [104]. 
These sutures can successfully tamponade injuries, in- 
cluding those of the retrohepatic vena cava and the he- 
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patic veins, by closing the hepatic parenchyma over 

the bleeding vessel [99]. However, it has been repor- 
ted that this technique has given rise to a number of 
serious complications, such as extensive tissue necrosis 

which may lead to sepsis [105]. It may, nevertheless, 
be applicable in minor (grade I and grade II) liver inju- 

ries [106]. Fibrin glue has been proposed as an adjun- 
ctive technique. It is very effective in controlling oo- 

zing from the liver parenchyma and sealing small bile 
ducts. Report drawbacks include hypotension if it en- 
ters the circulation and some concern regarding viral 
transmission [54]. 

36.9.2.7. Anatomic Hepatic Resection 

Anatomic hepatic resection in severe hepatic trauma, 
presenting a mortality rate higher than 50%, is curren- 

tly seldom performed, having been replaced by rese- 
ctional debridement [107]. Exceptionally high mortali- 
ty, when hepatic resection is attempted in the setting 
of complex liver trauma, is mainly attributed to the 
magnitude of the injury, shock, coagulopathy, acidosis 

and associated injuries [961. Worthy of mention is the 
fact that when the same operation is performed by 
specialized hepatobiliary surgeons, mortality is signifi- 
cantly lower [108]. By definition, this resection is per- 
formed along anatomical planes and requires identifi- 
cation of portal structures. On the other hand, compli- 
cations such as postoperative blood oozing, hemobilia, 
bile leak, and subphrenic abscess in the survivors un- 

dergoing anatomic resection appeared lower than in 
debridement groups [91]. Anatomic resection can be 
applied in patients with diffuse parenchymal damage, 
lacking a clear line of injury through which resection 
can easily be performed. Its main advantage is that it 
simultaneously removes the source of bleeding and the 
site of necrosis [ 109]. 

36.9.2.8.  Mesh Wrapping 

The use of this technique is particulary advocated for 

major parenchymal disruptions (grade III-IV) or for 
tamponade of large intrahepatic haematomas, in order 

to minimize the risk of a delayed rupture (fig. 36.11). 
It has the advantage that a relaparotomy is not routine- 
ly required. It is not indicated in situations were hepa- 
tic or juxtacaval vein injuries are suspected. If a mesh is 
placed on the right lobe of the liver, the gallbladder 

Fig. 36.11. Mesh wrapping. 

should be removed due to the increased danger of ne- 

crosis [ 110]. 

36.9.2.9. Perihepatic Packing 

Perihepatic packing should be the first option for the 
majority of surgeons faced with severe liver injury (fig. 
36.12) [56]. When routine procedures cannot control 
the bleeding, perihepatic packing is a well accepted te- 
chnique for severe liver trauma with or without RHVI 
{91]. Perihepatic packing is performed by using roll 
gauze packed around the injured liver with or without 
the placement of a bowel bag [111 ]. Temporary packing 
has been used, particularly in patients with hypother- 
mia, coagulopathy and severe acidosis or severe inju- 
ries in other intra-abdominal organs, as part of the 
three step damage control surgery. Its drawback is that 
the use of gauze packing in bleeding patients results in 
a 30% incidence of perihepatic abscess, which can be 
addressed with the timely removal of the gauze pack- 
ing and adequate antibiotics administration [112, 113]. 
The packing technique involves manual approximation 
of the parenchyma followed by placing of dryabdomi- 
nal packs around the liver and directly over the injury, 
in an attempt to tamponade the wound [114]. It is 

strongly emphasized that the gauzes should always be 

put around the liver and never inside the laceration. 

36.9.2.10.  Drains  

Perihepatic drainage with a rubber tube is used in 
grade IV and grade V injury and has proven helpful in 
decreasing the incidence of subphrenic abscess and in 
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Fig. 36.12. a, Extend liver rupture. 
b. Perihepatic packing. 

observing oozing of blood and bile. Closed rather than 

open drains are more beneficial because they provide 

an  accurate record of the amount of the evacuated 

fluid as well as reducing septic complications [95]. 

36 .9 .2 .11.  Intrahepatic Tamponade 
with Penrose Drains 

After penetrating liver trauma, the tract may be so long 

that tractomy would be very extensive. In such cases, 

several penrose drains can be passed through the tract 

under tension (fig. 36.13). Once the tension is released 
the drapes pull back and tamponade the tract. Alterna- 

tively, a balloon catheter may be inserted using the sa- 

me principal [ 115]. 

36 .9 .2 .12.  Damage Control Surgery on Liver 
Trauma 

Damage control (sometimes known as "damage limita- 
tion surgery" or "abbreviated laparotomy") is best defi- 

ned as creating a suitable anatomical environment yet 
preventing the patient from progressing to an unsalva- 
geable metabolic state. It is the rapid termination of an 

operation after control of life-threatening bleeding and 

contamination followed by correction of physiologic 

abnormalities and definitive management. This mo- 

dern strategy involves a staged approach to multiply 

injured patients designed to avoid or correct the lethal 

triad of hypothermia, acidosis, and coagulopathy 

before definitive management of injuries [116]. The 

term damage control originates from the United States 

Navy, with reference to "the capacity of a ship to ab- 

sorb damage and maintain mission integrity". This al- 

lowed for rapid assessment of the damage, thereafter 

instituting the best manner of sufficient temporary re- 

pair to facilitate expedient return to a controlled envi- 

ronment in port. This analogy of preventing a ship from 

sinking is even more relevant when one considers the 

anatomical and physiological damage inflicted on trau- 
ma patients [ 117]. 

These concepts included the rapid termination of 
the procedure after control of hemorrhage, continua- 
tion of aggressive ICU resuscitation, and return to the 

operating room for definitive care [118]. 

Damage control consists of three distinct parts na- 

mely initial abbreviated laparotomy ICU resuscitation, 

and subsequent reoperation for definitive repair. 

There are several critical factors that demand for 

damage control: (a) pH less than 7.30; (b) temperature 

less than 35°C; (c) combined resuscitation and proce- 
dural time exceeding 90 minutes; (d) nonmechanical 
bleeding; and (e) transfusion requirements surpassing 
10 units of packed red blood cells (PRBCs), which 
should obligate the surgeon to perform an abbreviated 
laparotomy the base deficit is worse than -18 mmol/L 
in a patient less than 55 years old [119]. 

Once the abdomen opening is completed, imme- 

Ch. Karallotas 2006 
3.13. Intrahepatic tam- 

ponade. 
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diate hemorrhage control should commence. The pri- 

mary method of hemorrhage control for complex liver 

injuries is packing. Packing is performed using laparo- 
tomy pads placed with the goal to compress the source 
of hemorrhage. Retrohepatic vena caval injuries are 
treated by anterior packing of the liver, which com- 
presses the vena cava. Other liver injuries frequently 
require anterior and posterior packing to compress the 
hepatic parenchyma. The goal is to tamponade blee- 
ding while maintaining organ perfusion. Plastic drapes 

may be placed between the hepatic parenchyma and 

the packs to avoid displacement of clots when the 
packs are removed [ 114]. 

When bleeding is controlled, attention is then tur- 

ned to the contamination control. After a quick inspe- 

ction of the entire bowel, contamination containment 
is achieved through the use of simple suture closure or 
clamping of the visceral perforations. No reconstru- 
ction efforts should be made during damage control. 

Hollow viscus injuries are treated by resection of affe- 

cted areas using stapling devices. Re-anastomosis is 
postponed until the patient is stabilized and returned 
to the operating room for definitive surgery. After con- 

trolling hemorrhage and contamination, a decision 

must be made concerning the temporary management 

of the abdominal wound. The goals of temporary clo- 
sure include containment of the abdominal viscera, 
control of abdominal secretions, maintenance of pres- 
sure on tamponaded areas and optimizing the likeli- 

hood of ultimate abdominal closure (fig. 36.14) [114]. 
In cases where arterial bleeding persists, despite 

intraoperative efforts and damage control surgery, the 

patient should be transferred to the angiography suite 
and control of the bleeding by embolization should be 
performed before transfer to the ICU (fig. 36.15). 

Once the abdomen has been temporarily closed, 
the second phase of the damage control sequence be- 
gins - ICU resuscitation with the team's focus on se- 
condary resuscitation in an effort to rewarm the pa- 
tient and correct the patient's acidosis and coagulo- 
pathy. During this effort, an emergent reoperation may 

ensue, as an unplanned event, in three types of clinical 

scenarios: (a) ongoing bleeding, (b) missed enteric in- 

jury resulting in systemic inflammatory response syn- 

drome and shock, and (c) development of ACS. The 

aim at this juncture of the resuscitation is to control he- 

morrhage or contamination and, if necessary, decom- 

Fig. 36.14. Temporary abdominal closure. 

Fig. 36.15. After damage control surgery a patient with ongoing li- 
ver hemorrhage underwent angiography. The site of active blee- 
ding was depicted (a, arrow). The bleeding vessel was embolized 
with coils (b, arrow), while the gauze packing radioopaque material 
can be seen. The bleeding was finally successfully controlled (c, cir- 
cle). 

press the peritoneal cavity [120]. Once hemodynamic 
stability has been achieved and the patient is warm 
and not coagulopathic, the decision to return to the OR 
for the definitive operation can be made. This return 
usually occurs within the first 12 to 48 hours after a 
damage control laparotomy (fig. 36.16). 

Patients who undergo damage control procedures 
are at high risk of Acute Respiratory Distress Syndrome 
(ARDS), Multiple Organ Failure (MOF) and death. The 

independent risk factors for ARDS in trauma patients 

include the presence of sepsis, transfusion of more 

than 15 units of packed red blood cells in 24 hours, 

pulmonary contusion and long bone fractures [18]. 
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Fig. 36.16. Reoperation. Hepatic laceration after removal of pa- 
cking. 

36.9.3. Outcome 

Complicat ions in low grade  hepatic injuries are related 

to associated injuries, whereas  in high grade hepatic 

injuries they are related to the hepatic injury itself and 

resultant bleeding.  The most  f requent  pos topera t ive  

hepatic complicat ions include coagulopathy,  late he- 

morrhage,  sepsis, pu lmornary  insufficiency (ARDS) 

and renal failure [13]. In these patients, an overall mor-  

tality ranging f rom 25-50% has been  repor ted,  40% of 

which was not liver related [56, 100]. Major complica-  

tions include ongoing haemorrhage ,  in t raabdominal  

abscess, bi lomas and biliary fistulas [13]. 

36.10. COnClusion 

Despite major advances accompl ished  during the last 

30 years in the managemen t  of liver trauma, it remains  

a deadly  disease. Technological  innovations such as 

spiral CT and contrast  enhanced  ul trasound as well as 

ne w  applications of older  technologies  such as angio- 

graphy and embolizat ion,  have contr ibuted to the ad- 

vent  of non-surgical management .  For those patients 

suffering major  injury resulting in cont inuous b leeding 

and requiring emergency  operat ion,  t imely application 

of the principles of damage  control  surgery is the best 

opt ion and may be life saving. 
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3 7 . 1 .  I n t r o d u c t i o n  - L i f e - C y c l e ,  S p e c i e s ,  

D i s t r i b u t i o n  

Hydatid disease of the liver is a parasitic zoonosis, cau- 

sed by the larval cestode of the tapeworm Echinococ- 

cus granulosus [1-6]. The disease was firstly alluded to 

by Hippocrates. The disease is also mentioned in Tal- 

mud [7]. The characteristic of the disease is that the li- 

fe-cycle typically involves two hosts. 

The major "intermediate host" is a herbivore, main- 

ly the sheep (in other cases is the pig, horse, camel etc) 

which is infected after ingestion of food contaminated 

with eggs passed from the faeces of the "definitive host", 

a carnivore mainly the dog [1, 2]. Humans are acciden- 

tally infected after ingesting tapeworm eggs [2] (fig. 

37.1). 
There are four species of Echinococcus (see table 

37.1). 
The E. granolosus is cosmopolitan; E. multilocularis 

is mainly limited to the Northern Hemisphere; the 

other two E. vogeli and E. Oligarthus are indigenous to 

central and south America. 

Fig. 37.1. Life cycle of ehcinococcus (by permission of Novartis from 
"The ClBA Collection of medical illustrations". Utterly redrawn by us). 
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The disease in uncommon in the USA and most of 

central Europe but remains endemic in Mediterranean 

countries, Middle East, Turkey, Africa, South America, 

Asia, Australia and New Zealand [1-3]. There is always 

a relationship between the definite and intermediate 

host. The farming practices and the close association 

which is perpetuated are the main causes of the disea- 

se's appearance to rural communities. 

The relationship between the intermediate and de- 

finite host may be the cycle Sheep-Dog, which is do- 

minant in Europe, Soviet Union, Western USA, Mexico 

and areas of South America and Australia. The Horse- 
Dog cycle is dominant in western areas of Europe, the 

UK and Ireland, while the Pig-Dog cycle in Eastern Eu- 

ropean regions, Soviet Union, south-eastern USA, Me- 

xico and in Ventral American Countries. 

Other associations, like Goat-Dog, Donkey-Dog, 
Camel-Dog and Buffalo-Dog are implicated in the life 

cycle, mainly in Eastern Mediterranean areas, North 

Africa, Middle East and India. Wolves and foxes are re- 

ferred as definite hosts with intermediate hosts sylvan 

wild animals, resulting in the so called sylvatic cycle in 

Arctic and Sub-Arctic areas. Sometimes, the two diffe- 

rent types of cycle, domestic and sylvatic may interact 

and human may be infected. This phenomenon very 

often occurs in Northern Canada and Alaska where in- 

digenous Eskimos and Indians use to feed their hun- 

ting dogs on infected offal from moose (large deer li- 

ving in North America) and reindeer. 
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37.2. Anatomy of the Parasite - Egg 

The tapeworm Echinococcus is less than 0.5 cm in length 

and has anteriorly a scolex bearing two rows of kerati- 

nized hooks and four suckers. These structures, after 
ingestion, anchor the parasite to the intestinal mucosa 
of the dog host. Behind the scolex, there are the so cal- 
led proglottides, 2-6 in number (see fig. 37.2). The ter- 
minal proglottis contains several hundred fertilized eggs. 

The last proglottis is shed every 1-2 weeks in the host 

faeces and the autolysis liberates the eggs. An infected 

dog may produce via "its proglottides" up to 120 mil- 
lion eggs every week. 

The eggs spherical or ellipsoidal contain the true 

larval stage (the so called oncosphere with six hooks), 

host-independent stage, and are surrounded by several 
envelopes for high protection. The egg is resistant to 

temperatures f rom-30°C to 38°C, but susceptible to 
desiccation. 

37.3. Lodging in the Liver-Cyst Structure 

and Fert i l i ty-Daughter  Cyst - Secondary Cyst 

The eggs penetrate the wall of the intestine of the in- 

termediate host and via the bloodstream they first reach 

the liver [3, 6, 8], which is mostly affected (60%), pro- 
ceeding to the lungs (30%), kidneys, brain, spleen, bo- 
ne, kidney, mesocolon and potentially any other visce- 

2 rows Hooks 
and 4 suckers 

, 

Onset of egg 
production 
30-58d 

. 

Proglottides (2-6) 

Eggs in terminal 
proglottis up to 1500 

Adult Echinococcus 

Ch.Karaliotas 2o06 

Fig. 37.2. Schematic re- 

presentation of adult echi- 

nococcus taenia. 

Fig. 37.3. Schematic representation of Liver Hydatid Cyst (by per- 

mission of Novartis from "The ClBA Collection of medical illustra- 
tions". Utterly redrawn by us). 

ra where they develop hydatid cysts [1, 3, 6, 8]. The 

right lobe of the liver is affected more than the left 
(80%) and in 1/3 of the cases the cysts are multiple [8]. 

After the egg has lodged in the liver, and after a 

hatching of some days (no more than 15) a series of re- 
organization occur. It includes a transformation and a 

differentiation of the oncosphere, resulting to a cystic 

form. At the same time a host reaction occurs and a fi- 

brous adventitial layer is produced from the host liver 

or other tissue around the cystic form (see fig. 37.3). 
The outer adventitial layer coming from the host is 

called ectocyst or pericyst (fig. 37.4). The two inner 
layers coming from parasite, the most inner germinal 
layer and the outer laminated layer together form the 
endocyst. The germinal layer secretes the laminated 

layer which is a mucopolysaccharide - protein-lipid 
complex [9, 10]. The cavity of the cyst contains the 
hydatid fluid which is clear and similar to interstitial 

fluid [11]. Old cyst may become calcified at the lami- 
nated and the ectocyst parts. 

Fertility cyst is called the cyst which becomes ma- 

ture (fertile), that is to say it produces the presumptive 

adult stage with hooks and suckers, the so called pro- 

toscolex. The time required to become mature varies 

from 10 to 20 months. 

Daughter cysts are identical to the primary (mother 

cysts) and have both layers coming from parasite, 

germinal and laminate. The origin of daughter cysts re- 

mains controversial. Possibly a source of origin of 

daughter cysts are the released protoscolices from rup- 
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Fig. 37.4. Schematic representation of Liver Hydatid Cyst. 
a) germinal layer, 
b) daughter cyst, 
c) scolices, 
d) cavity of primary cyst, 
e) laminated layer, 
f) host response layer. 

Fig. 37.5. Diagnostic ERCP in a case of obstructing jaundice in liver 
hydatid cyst. Rupture of liver hydatid cyst in the biliary tract. The 
cyst was ruptured in the left hepatic duct. 

tured brood. Rogan and Richards in 1986 attained to pro- 
duce cysts in vitro from ruptured brood capsule [12]. 

Secondary cysts are those developed from primary 

ruptured cysts and spillage of contents accidentally af- 
ter trauma or during surgical management. 

3 7 . 4 .  C l i n i c a l  P r e s e n t a t i o n  

The clinical presentation varies and depends on the 
presence of complications. Most of the cysts remain 
uncomplicated (82%) [2, 8] and the diagnosis is based 
mainly on clinical suspicion. The most common sym- 

ptom in these cases is right upper quadrant pain, liver 

enlargement or palpable mass [2]. Moreover, in cases 

of complicated cysts the patients may present nausea, 

vomiting, weight loss, jaundice, or even fever and pe- 

ritonitis [5]. This usually occurs in the remaining 18% 
with a rupture in the biliary tract causing biliocystic 

fistula (12%) (see fig. 37.5) or the thorax causing bilio- 

broncheal fistula leading to cholangiitis, biliptysis, chest 
pain, cough and haemoptysis. Rupture into the perito- 
neal cavity may lead to anaphylactic shock [5]. 

3 7 . 5 .  D i a g n o s i s  

In addition to the history and clinical examination, the 
diagnosis is based on a combination of imaging techni- 
ques. Ultrasound (U/S) is the major diagnostic tool 
while Computerized Tomography (CT) offers additio- 
nal information, especially anatomical details in cases 

of recurrent or multiple cysts (fig. 37.6a). Imaging de- 

termines the morphology, location, number and size of 

the cysts as well as the status of the biliary tree and the 

other adjacent or distal organs [5]. Moreover serologi- 
cal or immunological tests (hemagglutination, immu- 

noelectrophoresis) can confirm the nature of the cyst 

[2, 3, 6]. 
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into account in the more recent WHO classification 

where cysts are also classified as active, transitional 

and inactive [3]. 

37.7. Treatment of Liver Hydatid Cyst 
(See Table 37.2) 

Fig. 37.6. 
a. Primary Hydatid cysts in segments V and Vl. The smaller cyst seems 
calcified. In the larger one, multidaughter cysts are clearly visuali- 
zed. 
b. The cysts were totally excised (pericystectomy) using CUSA. 

37.6. Classification 

Before any intervention, the nature of the cyst should 

be classified based on the imaging [8]. Based on U/S 

morphological appearance of liver hydatid cysts, the 

most acceptable classification is that of Gharbi et al [2, 

3, 5, 13]. In this classification, type I reflects a cyst with 

a pure fluid collection and type V a cyst with a 

calcified, reflecting thick wall. Between these two 

extremes lie cysts with variable morphology (detached 

membrane/sl i t  wall in type II, multiple septa/daughter 

cysts in type III and high internal heterogenous echoes 

in type IV) all pathognomonic of a liver hydatid cyst 

[3, 5, 8]. The functional state of the parasite is taken 

Treatment options are given in table 37.2. Surgery re- 

mains the gold standard for complete treatment [2, 3, 

14] while in terms of medication, Albendazole (ABZ) 

in a dose 10-15 mg/kg/day in 2 divided doses and the 

active metabolite (after liver metabolism) ABZ sulfoxi- 

de seem to be the most effective adjuvant chemothera- 

py. 

It has better GI absorption, tissue distribution and 

reaches higher intracystic fluid concentration [2, 3]. De- 

spite the fact that there is no consensus concerning the 

perioperative regiment most authors agree to a 4 week 

postoperative/post procedure period while the pre- 

operative scheme varies from none to 3 months. 

The most popular regimen is that of 7 days before 

and 28 days after the procedure [5] which can be 

repeated after 2 weeks with another 28-day cycle. ABZ 

alone can lead to a cure rate of 10-30% and degene- 

ration of the cyst up to 92% (usually between 50-70%). 

The treatment can fail in 20-30% of the cases [3, 15]. 

Despite the fact that the relapse rate is about 3-30% re- 

administration of the ABZ is effective in up to 90% of 

these patients [3, 16]. The WHO recommends the treat- 
ment to start somewhere between 1 month and 4 days 

before surgery [3]. 
A systematic review of the literature published in 

2004 concluded that chemotherapy alone is not a suc- 

cessful approach and that it needs to be combined with 

either percutaneous drainage or surgery which remain 

the cornerstone of treatment [2]. 
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percutaneous drainage in combination with Albenda- 

zole is a safe and efficient treatment option with more 

clinical and parasitologic efficacy, lower complications 

and better postoperative recovery than conventional 

surgery [ 1]. 

37.8. Surgical Management/General Principles 

The main principle of surgery is to eradicate the para- 

site, avoid spillage and obliterate the residual cavity 

[5]. The principal indications are given in table 37.3. 

There are 2 types of surgical/interventional options: 
the radical and conservative approach.They aim either 

to eliminate the whole cyst and pericyst or safely ex- 

pose the cyst, decompress it, evacuate the contents, 

sterilize it, control communication with the biliary tree 

and manage the residual cavity [3]. 
Known postoperative complications are: seroma, 

haematoma in the residual cavity, intraabdominal ab- 
scess, biliary fistula, spillage recurrence, anaphylaxis [5]. 

The techniques are classified as tables 37.4 and 37.5 
show [ 17]. 

Fig. 37.7. 
a. Hydatid cyst of the left liver lobe (segments II and III). 
b. Resection of segments II and III. 
c. Liver surface after liver resection. 

There is insufficient evidence to corroborate more 

radical approach over a conservative one but it seems 

that omentoplasty added in any form of surgery is effi- 

cient in reducing complications especially abscess for- 

mation [2]. Another meta-analysis supports that the 

37.9. Radical Approach [2, 3, 8, 18] 

These techniques eliminate the pericyst and reduce the 
likelihood of recurrence. Some authors support that 
morbidity and mortality is less, as is the hospital stay. 

However, they increase the operative risk for a benign 

disease and there are limitations of its application [2]. 

Voros et al support the radical excision, in order to 

prevent secondary disease from retained extracapsular 

(satellite) cysts. The authors consider the incidence of 

satellite cysts as high as 29,5 % [18]. 
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Fig. 37.8. Near total pericystectomy in liver hydatid cyst. a. Removal of the hydatid endocyst, b. Primary endocyst fully evacuated and remo- 
ved. c. Near total pericystectomy, using Ligasure. d. Omentoplasty. 
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37.10. Conservative Approach 
[8, 19, 20, 21,221 

These techniques are easier to perform with less ope- 

rative risk but the recurrence rate is higher (10%-30%) 

[2,3]. 
Bile staining of the interior wall of the cyst indica- 

tes cyst-biliary communication and the injection of 

scolicidal agents to the cavity should be avoided since 

they can lead to sclerosing cholangitis [3]. In cases with 

preoperative or intraoperative confirmed cyst - biliary 

tree communication the biliary branches should be 

found out and controlled either with suturing (see fig. 

37.9), bile duct exploration or T-tube insertion (see 

table 37.6)[23]. 

Sometimes, when hydatid cysts are present in both 

liver and lung, or in the case of brocho-biliary fistula 
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Fig. 37.9. Yellow wall of endocyst (host response layer) strongly sup- 
ports the communication among cavity and small bile ducts. Since it 
is difficult to find out the exact points of bile leakage, we perform a 
retrograde infusion of "blue du methylene solution" via cystic or 
common bile duct. Blue staining of wall immediately appears. Sutu- 
ring in obvious communication in order to prevent bile leakage 
postoperatively is performed. 
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(see fig. 37.10, 37.11, 37.12) surgeons should consider 
the thoracotomy approach which offers an excellent 

access into the liver especially in those cysts lain on 
the superior-posterior liver segments. Beside the pa- 
tient suffers only one incision. Many times a combined 
access by thoracotomy-laparoscopy is preferable. 

3 7 . 1 1 .  L a p a r o s c o p i c  M a n a g e m e n t  o f  L i v e r  

H y d a t i d  C y s t s  ( f i g .  3 7 . 1 3 )  

Despite the advances of the laparoscopic technique 

and instrumentation, its application to liver surgery is 

not as popular as its longstanding use in other fields. 
The specific indication, safety and efficiency of its ap- 

proach, particularly with regard to the management of 

hydatid cysts and liver malignancy, remain a subject of 

Fig. 37.10. 
a. Right thoracotomy (combined excision of lung and liver hydatid 
cysts). 
b. Right thoracotomy-removal of primary lung endocyst. 

considerable controvercy. Meanwhile, increased expe- 
rience and improvement in instrumentation have been 
conducive to a progressive expansion of indications. It 

is already, for example, a new-established approach 
for the management of benign liver solitary cysts. Ne- 

vertheless, the debate concerning the appropriate con- 

ditions and indications for management of liver hyda- 

tid cysts continues. 

The safe laparoscopic approach of such cases de- 

mands surgical experience in both open and advanced 

laparoscopic liver surgery. The technique must be ba- 

sed on the same principles as conventional surgery and 

should only be applied to those cysts that are easily ac- 
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Fig. 37.11. 
a. Transthoracic-transdiaphragmatic approach in difficult liver area 
for hydatid cyst excision (For example segment VII) near hepatic 
veins and vena cava. 
b. Right thoracotomy. Hydatid cyst of segment VIII. 
c. Removal of primary hydatid endocyst. 

cessible and only when appropriate equipment and te- 
chnical support are available (table 37.7). Finally, ade- 
quate familiarization with the techniques is mantadory 

[19,20,24,25]. 
The advantages provided by laparoscopic liver sur- 

Fig. 37.12. 
a. Lung fistula. 
b. Liver cyst. 
c. Daughter hydatid cyst removed from fistula. 

gery are the better optics and easier control of a possi- 
ble bile leakage from certain spots on the cyst wall, 
which represent communication between biliary tree 
and cyst cavity. Moreover, the postoperative course is 
better, the mean hospital stay shorter, the mobilization 
and the recovery of the patient quicker and the dis- 
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Fig. 37.13. 
a. CT of liver hydatid cyst with many daughter cysts. 
b. Laparoscopically management of hydatid cyst. Subdiaphragmatic surface of the liver and cyst 
c. Laparoscopic view of inner wall of the endocyst, staining yellow, 
d. ERCP sphincterotomy 6 days later (communication of the cyst with bile duct). 

comfort of the patient less in comparison with the clas- 

sic open methods. Finally, we have much better cos- 

metic results [24). The laparoscopic technique, however, 

requires extreme caution in relation to haemostasis as 
a major hemorrhage is difficult to control and the risk 
of CO 2 infract is high. 

Moreover, the selection of the patients as well as 

their preoperative work-up study must be thorough 

and strict [25]. 
The principles of open surgery should always be re- 

spected: careful inspection and exploration of the ab- 
dominal cavity, mobilization of the liver, dissection 
and ligation (clips) of larger vessels, manipulations on 
the liver parenchyma, bleeding control and sampling 
for biopsies, bile-cystic communication identification 
and management [25]. 

Despite the fact that since 1992 [26] hydatid liver 

cysts have been submitted to the laparoscopic approa- 

ch, current evidence comes from individual series, 

based on selected population and on studies that were 

neither randomized nor controlled. 

Due to subsequent limited experience there is con- 

siderable debate on this approach. 

Most of the authors agree that it is a safe and effe- 
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ctive technique with good early and late results, less 

surgical trauma, lower complication rate, less postope- 

rative pain and need for analgesia, shorter hospital stay 

and recovery period, with early return to routine acti- 
vities and jobs, with less morbidity from the wound. 

One major concern is the risk of spillage and sprea- 

ding of the cyst content in the abdominal cavity as well 

as the risk of anaphylactic shock. 

Care must also be taken to neutralize and evacuate 
the entire germinal layer in order to prevent recurren- 

ce [8]. 

Laparoscopic approach should be applied to those 

cysts located in the anteriolateral liver segments (II-VI) 

[19,20,22,24,27].  
Small partially calcified cysts in the anterior segments 

can be treated with pericystectomy (total excision) [22]. 

Larger cysts are treated with drainage; the cavity 

should be evacuated of the living elements and be ste- 

rilized. Additionally, external drainage or omentopla- 

sty can be used [22, 28, 29]. 

The most debatable issue is whether spillage and 

contamination can effectively be avoided during the 
initial puncture and aspiration of the cyst. 

In order to degenerate the cyst, antiparasitic medi- 

cations like Albentazole and Meberazole, have been 

used pre and post operatively [6, 28] as well as of scoli- 
cidal agents pre and intraoperatively. Fixation of the 
cyst in the abdominal wall with specially designed tro- 

cars and suction with specific suction devices has also 
been proposed [14]. Furthermore, an assembled trans- 
parent cannula has been described in which a vacuum 
was created, while its tip adhered firmly to the cyst wall 
and through which main surgical maneuvers (puncture, 
parasite neutralization, and complete evacuation) were 
performed [31]. In an attempt to inactivate any spilled 
live parasites, Cetrimide (Scolicidal agent) has been used 
to fill the right sub-diaphragmatic space with the pa- 

tient in trendelenburg position [14, 31]. Using gauzes 

soaked with hypertonic saline, as in the open approach, 

have also been suggested [14] (table 37.8). 

Patients who are found preoperatively to have an 

obvious biliary communication (jaundice cholangiitis) 

can be treated with ERCP or biliary drainage procedu- 

re [14]. Also, if the cyst contains bilious fluid a com- 
munication with the biliary tree is possible and the use 
of scolicidal agent may lead to sclerosing cholangiitis 

[3, 141. 

37.12. Results- Literature Overview 

The reported morbidity ranges from 8% to 25% while 
mortality is hardly reported. The mean hospitalization 
time is obviously less than that for open surgery and 

ranges between 3-12 days. The recurrence rate lies 

between 0 and 9% [3, 6, 8]. 
In the largest series (108 pts) the operating time 

was 80 min [40-~80] with a follow up of 30 months [4- 

54]. A small percentage (3.6%) of the treated patients 

had recurrence [32]. 
Complications were observed in 11% of the pa- 

tients but there was no mortality [2, 32]. 
Reported complications include: Biliary fistula, in- 

fection of the residual cavity and hepatic abscess, wound 
infection and recurrence. Moreover, risks involve 
uncontrollable haemorrhage, spillage in the peritoneal 
cavity, anaphylactic shock and echinococcal spreading 

during the initial puncture and aspiration [6, 33]. 
The hospital stay is about 8-10 days in the uncom- 

plicated cases. 
The results seem superior to those of the conven- 

tional approach but they are based on selected samples 
and possibly biased, influenced by the author's enthu- 
siasm to present good results. 

Therefore, current evidence supporting the laparo- 
scopic approach, despite encouraging individual results, 

is insufficient to justify universal application of the te- 

chnique [2] compelling the need for further prospecti- 

ve randomized and even multicenter studies to be done. 

37.13. Technique 

Albendazole (ABZ) seems to be an essential adjunct to 
laparoscopic surgery since, if administered periopera- 
tively, it can prevent recurrences. 
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A prospective, controlled, randomized study de- 

monstrated that administering Albendazole (10 mg/kg 
daily) for 1 month was successful in reducing the via- 

bility of the parasite by 72% and when administered 

for 3 months 94% [15]. 
There is no consensus regarding the duration of 

treatment but the most popular regiment is that of 7 

days before and 28-day after the procedure [5] which 

can be repeated 2 weeks later (another 28 days cycle). 

Another effective regiment, for the same agent, with- 

out many side effects is a 28 days cycle before the ope- 
ration and a 2 nd a week after the operation and reco- 

very [28]. Finally, regimens with 10 days preoperati- 

vely and 3 months postoperatively have been used [6, 

14, 34]. In any event, liver enzymes should be checked 

regularly during the treatment. 

37.14. POSitioning and Exposure 

The patient is positioned either on the inverted "Y" or 

the simple supine position. The surgeon is standing 

between the legs or on one side of the table while the 

assistants on same or the other side. Carbon monoxide 

pneumoperitonium is achieved either via a veress 

needle introduced through the umbilical region or by 

the open (Hasson) technique and abdominal pressure 

is kept between 12-13 mm Hg to minimize the risks of 

gas embolism (< 15 mm Hg). The 30 or 0 degree lapa- 
roscope is inserted through a subumbilical 10-12 mm 

trocar and explores the abdominal cavity. The patient 

is then placed in deep Trendelenburg position and 

tilted 30 ° to the right [34]. 
Two 5mm ports are inserted according to the site 

of the cyst and are used for palpation, grasping retra- 
cting or coagulation. A 10-12 mm subxiphoid trocar is 

used for the irrigator or suction device. 

37.15. Assessment of the Liver Lesion 

Inspection of the liver surface and of the position and 

appearance of the hydatid cyst as well as inspection for 

any other gross intraabdominal pathology must prece- 

de any further intervention. 

Laparoscopic U/S is commonly used in liver surge- 

ry since it can partially compensate for the lack of ta- 

ctile sensation and can help assess the size, location, 

relations and morphology of the liver lesions. It is the 
most sensitive technique for identifying small hepatic 

lesions (< 1 cm) [26]. 

A cholecystectomy and intraoperative cholangio- 

gram can be performed if indicated or in order to im- 

prove exposure [26, 28], in which case it is advisable 
to be done as the first step in order to detect possible 

bile-cystic communication. 

37.16. Conservative Management 

37.16 .1 .  Decompression and I n a c t i v a t i o n /  

Sterilization of the Cyst 

The next and most difficult step is to decompress the 
cyst without spillage [26, 28] which involves control- 
led puncture and aspiration of the cyst without leaking 
in the peritoneal cavity and thereafter inactivation of 

the contents of the decompressed cyst. 
Many methods have been described in the literatu- 

re and with little concordance in the approach of this 

step of the operation. 

37 .16 .2 .  T e c h n i q u e s  tha t  have  b e e n  Used  for  
Safe D e c o m p r e s s i o n  / I n a c t i v a t i o n  of  the  Cyst  

• Transabdominal puncture and rapid aspiration via 

wide port, with simultaneous suction around the spot 
of the cyst puncture with the laparoscopic suction ir- 
rigation device in order to avoid dissemination. De- 
roofing and emptying of the cyst from the contents 

followed by sterilization of the cavity wJth scolicidal 
agents (Cetrimide 0,3%-1% for 4 to 10 minutes) [8, 
28]. 

• Puncture of the cyst with a veress needle, rapid aspi- 
ration of the cyst fluid, reinjection with equivalent 
volume of scolicital agent (e.g. hypertonic saline 
20% +/-  Providone iodine 10%) [14, 34], removal 
after a certain amount of time (e.g. 10 minute) [14]. 

• Use of a special trocar to either suspend or fix the cyst 
against the abdominal wall (umbrella like trocar) and 

thereforeminimize the chance of uncontrolled leak- 

age. 

• Use of a special perforator-grinder-aspirator (PGA) 

[8, 14, 34]. 

• Use of a special transparent cannula with bevelled tip 

and puncture under continuous suction [14, 34, 35]. 
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• Manipulations aiming to protect the surgical area and 
avoid dissemination in case of leakage: 
a. Fill up the Right Upper Quadrant (RUQ) with Po- 

vidone iodine so as the liver is "drowned" into the 
solution before any aspiration [26]. 

b. Surround the lesion with meshes filled with 

hypertonic saline [5, 14, 26]. 
c. Flood the peritoneal cavity with peroxide solution 

10% [6]. 
d. Flood the peritoneal cavity with Hypertonic saline 

30% [6, 8]. 
e. Surround the cyst with gauzes soaked in polyvinyl- 

pirrolidone (Povidone Iodine) [30]. 
f. Fill up the RUQ with Cetrimide so that the liver 

flows into the solution before any aspiration [3, 

14, 35-37]. 

Some authors suggest that the use of peroxide is 
contraindicated since it can increase the intraperito- 
neal pressure and lead to gas embolus. If injected into 

the hydat idcys t  it may increase intracystic pressure 

and lead to uncontrolled break of the cyst in the peri- 
toneal cavity with all the unfortunate consequences (a- 
naphylactic shock, seeding) [6, 26]. Complications can 
be compounded if the peroxide and the cyst contents 
pass into the biliary tree causing sclerosing inflamma- 
tion or even gas embolus [6]. 

Generally speaking, as all manoeuvres are perfor- 
med in a closed, small, confined space the results can- 
not be as predictable as in open surgery and complica- 
tions like hyperosmolar, hypernatremic coma can arise 
following an attempt to inactivate the cyst contents or 
during lavage of the remnant cavity. Therefore, an irri- 
gation with Povidone iodine or large amounts of N/S 
at the end of the procedure may decrease the risk of 
such complications [26]. 

If during the initial aspiration a bilious cystic fluid 
is aspirated a communication can be suspected and 
scolicital agents should be avoided. The cyst contents 

should be cleared mechanically [14]. 

37 .16 .3 .  R e m o v a l  of the Contents of the Cyst 
a n d / o r  Par t  of  the Cyst 

All authors agree that the contents of the cysts and ger- 
minate membrane must always be aspirated and the 
cyst cavity explored for biliary communication. 

When the cyst is decompressed and evacuated, a 
wide window in the cyst roof can be created using 

hook cautery or ultrasonic scissors enabling the laparo- 

scopic camera and other laparoscopic instruments to 

enter the cyst. The camera and a variety of suction de- 
vices -that have been described in the literature- can 
be used for entering the cyst and aspirating the cyst 

content, the germinal epithelium and the daughter 

cysts, if there is any. It is suggested that the trocar and 

the suction device be wide (> 10 mm) [10]. 

37.17. Inactivation/Steril ization of the Cyst 

It can be done either before or after the removal of the 

contents of the cyst according to the preference of the 

surgeon [28]. 

Injecting scolicidal solutions into the hydatid cyst 

and packing the operative field with sponges soaked in 

scolicidal agents have been used to avoid dissemina- 

tion of the parasite during surgery. An in-vitro study 

compared 20% saline, 3% hydrogen peroxide, 1.5% 

cetrimide-0.15% chlorhexidine (10% Savlon), 95% e- 

thyl alcohol, 10% polyvinylpirrolidone-iodine (Betadi- 

ne). Savlon was found to be the least concentration - de- 

pendent scolicidal agent among those studied. Most 

sponges containing scolicidals killed the scolices after 

15 min (20% saline, 95% ethyl alcohol, Betadine and 

3% hydrogen peroxide) while lower concentrations of 

N/S (3% and 10%) were ineffective [38]. 

In another study based on animal model N/S, 10% 

Providone iodine, praziquantel, 10% hydrogen peroxi- 
de, 10% hypertonic saline, were compared. It was found 

that the most effective scolicidals were hydrogen pero- 

xide and povidone iodine [39]. 

37.18. Assess Biliary-Cyst Communication 
and Treatment of the Residual Cavity 

The laparoscopic camera has the advantage of the mag- 

nification and the cavity must be checked thoroughly 

for suspect points of bile leakage. If a leakage is suspe- 

cted a cholangiogram may help and should be done at 

this point whereas if hydatid cyst content is identified 

inside the biliary tree, an open or endoscopic sphin- 

cterotomy is indicated [26]. 

They are controlled with application of clips, cau- 

tery or sutures in order to avoid bile leak [28]. 
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In the case of a massive leak, a derivation of the 

remnant cavity using a "Roux-en-Y" jejunal loop is pos- 

sible [26]. 

The operation can be accomplished with insertion 

of a drainage tube inside the cavity and with the sutu- 

ring of the window. Alternatively, the operation can be 

accomplished by omentoplasty rather than external 

drainage achieving better results [2, 28]. 

It is recommended that all patients receive a peri- 

operative regimen with Albendazole 10 mm/k /d  divi- 

ded in two doses usually from 7 days to one month be- 

fore and for one month after to avoid recurrence in ca- 

se of dissemination [2, 28]. 

38.19. Laparoscopic Radical Procedure 

The aim of a radical procedure is to remove the peri- 

cyst and treat the residual cavity [28]. There is a risk of 

bleeding and gas embolism as well as technical diffi- 

culties, but, as experience in laparoscopic liver rese- 

ctions is increasing, this approach seems progressively 

more attractive. Nevertheless, the indications are limi- 

ted to those cysts whose anatomic position favors the 

easy approach and these are the cysts located in the 

anterio-lateral liver segments (II-VI Couinaud) [19, 26] 

and mostly to relatively small cysts to avoid a major 

haemorrhage. 

The laparoscopic ultrasound can define the anato- 

mical relations with the vessels and ducts, as well as 

the actual size and position of the cyst allowing better 

vascular control. Vascular control can be achieved using 

endoclips, intracorporeal suturing, harmonic scalpel and 

ligasure [26]. Also electrical curved scissors and hook 

can be used [30]. Endoloops and complete vascular 

control of the larger vessels of the liver is mandatory be- 

fore dividing them. The argon coagulant should not be 

used since it increases the risk of gas embolism [26]. 

Radiofrequencies (RF) have been used for non-anato- 

mical liver resections and this can also be applied for 

hydatid cysts. With the completion of the resection a 

cholangiogram should be performed to identify possi- 

ble biliary leaks; these should be controlled in the sa- 

me way as has been described for non-radical opera- 

tions. Injection of methylene-blue solution can help 

identify the leaking point [40]. The operation should 

always be completed with drainage of the area. 

Main complications are: haemorrhage and liver de- 

compencation with jaundice, deteriorated liver fun- 

ction tests, ascites and sometimes encephalopathy [26]. 

37.20. COnCluSion 

According to many authors, the laparoscopic mana- 

gement of liver hydatid cysts, seems to be a safe and 

effective technique with good early and late results. 

There is less surgical trauma, lower complication rate, 

less postoperative pain and need for analgesia, shorter 

hospital stay and recovery period with early return to 

routine activities and jobs and less morbidity from the 

wound. This approach demands experience in both 

open as well as in advanced laparoscopic liver surgery 

and is based on the same principles of conventional 

surgery. 

It should only be applied when adequate experien- 

ce and technical support is available and restricted to 

those cysts that are easily accessible. 

Current evidence supports that percutaneous drai- 

nage in combination with Albendazole is a safe and ef- 

ficient treatment option with more clinical and parasi- 

tologic efficacy, lower complications and better post- 

operative recovery than conventional surgery and should 

always considered as an alternative. On the contrary, 

the results for the laparoscopic approach come from 

individual series, based on selected population and from 

non randomized or controlled studies added to which 

the subsequent limited experience sparks a considera- 

ble debate on this approach. 

The foremost concern is the risk of spillage and 
spreading of the cyst content in the abdominal cavity 

as well as the risk of anaphylactic shock. 

Despite the fact that current results appear promi- 

sing further Well-planned randomized control studies 

are needed in order to arrive at safe conclusions regar- 

ding this approach. 
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HEPATIC ABSCESS 

J. Contis, D. Voros 

38.1. Introduction 

Hepatic abscess was recognized by Hippocrates as a 

favorable evolution of local or disseminated infection 

because it contained the inflammation in a favorable or 

more accessible location and, when mature, it was 

treated by incision/coagulation and drainage (i.e. sur- 

gery). Based on the quality of the evacuated pus a pro- 

gnosis would be established. Hepatic abscesses would 
be invariably fatal, if the drained pus was malodorous, 
dark or somehow varied from the so-called optimum 

pus [1]. So, for centuries the treatment and grave pro- 

gnosis of hepatic abscesses remained unchanged. In 

1938, for the first time, Oschner et al. reported a 62% 

survival rate in series of patients with liver abscesses 

treated by surgical drainage [2]. Soon after, antibiotics 

were developed and further improved the prognosis of 

such a former lethal disease. Surgical drainage remai- 

ned the mainstay of treatment until the first report of 
percutaneous drainage, in 1953 [3]. Despite the use of 
antibiotics and drainage, the mortality of the disease 
did not changed substantially until the introduction in 
the clinical practice of computer tomography, in the 
middle 1960s. Today, further improvements in diagno- 
stic imaging, antibiotic therapy and the wide adoption 
of percutaneous drainage, have all contributed to im- 

proved outcomes in the management of hepatic ab- 
scess. These patients still remain mainly under the care 
of surgeons but they are actually treated mostly by in- 

terventional radiologists. Surgery, once the first line 

treatment, is reserved today for a very few selected ca- 

ses. Nevertheless, even today hepatic abscess still car- 

ries a significant morbidity and a reported mortality 

ranging from 2.5% up to 30%. This is mainly the result 

of the shifting pattern of demographics (older patients 

with associated co-morbidities) and etiology of disea- 

se. An increasing number of older patients develop he- 

patic abscess secondary to ascending cholangitis be- 

cause of malignant lesions of the biliary tract. Final 

prognosis is ultimately dictated by the primary disease. 

For the successful management of hepatic abscesses, 

early diagnosis and treatment from a multidisciplinary 

team of specialists is required. For didactic reasons, 

hepatic abscesses are categorized as pyogenic and ame- 

bic, depending on the causative organism. Pyogenic 

hepatic abscesses are due to bacterial or occasionally 

fungal infection, while amebic abscesses are caused by 

the protozoon Entamoeba histolityca. Both conditions 

share common features and they may overlap conside- 

rably in their clinical manifestation but there are major 

differences in their pathogenesis, clinical course, com- 

plications and treatment so, they are considered sepa- 

rately in this chapter. 

38.2. Pyogenic Hepatic Abscess 

38.2.1. Incidence 

Pyogenic liver abscess (PLA) has always been a rather 
rare finding. In autopsy series, the incidence of this 

condition has remained fairly invariable over the last 

fifty years, being between 0.01% and 0.60%, while the 

incidence based on hospital admissions ranges from 

0.04% to 0.007% [4]. Since the advent of antibiotics 

and the early diagnosis and treatment of intra-abdomi- 

nal infections, pyogenic liver abscesses occur less fre- 

quently. The peak incidence of the disease has shifted 

from the third and fourth decade to the sixth and se- 

venth decades of life, a reflection of the shifted etiolo- 

gic patterns. There is a slight male predominance of 58%. 

38.2.2. Etiology and Pathogenesis 

Pyogenic liver abscesses most commonly originate from 
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biliary and intestinal sources. The causes of hepatic 

abscesses are summarized in table 38.1. 

Primary hepatic causes include trauma, tumor and 

ischemia. A small number of liver abscesses originate 

from secondary infection of neoplastic lesions either 

spontaneous but, most commonly, as a complication of 

an intervention such chemoemolization of a hepatocel- 

lular carcinoma. Risk factors for developing abscesses 

have been described, such as advanced age, tumor size 

greater than 5 cm, gas formation [5]. Every technique 

of interstitial destruction of liver tumors, ethanol 

injection, cryoblation, microwave and radiofrequency 

ablation (RAF), has been reported to be associated 

with liver abscess formation in a small number of ca- 

ses. Cholangitis and liver abscess after percutaneous 

ablation therapy for liver tumors, has been reported in 

less than 1.5% of the patient treated and the presence 

of a bilioenteric anastomosis has been identified as the 

major risk factor [6, 7]. A high index of suspicion and 

prompt needle aspiration of the ablated lesion is need 

in patients with liver tumors who develop clinical signs 

of sepsis following such interventions [8]. Complica- 

ted, infected simple or parasitic cysts of the liver can 

also present as liver abscesses in a small percentage of 

patients. 

Direct extension of an inflammation processes of 

neighboring to the liver organs, even penetration by 

ingested foreign bodies have been described as un- 

common causes of hepatic abscess formation in a small 

number of patients [9]. Penetrating peptic ulcers or 

carcinomas of the upper GI tract, cholecystitis, pan- 

creatitis, and perihepatic abscess could all lead to the 

development of a hepatic abscess especially in the ca- 

ses of even small bilioenteric fistulas or communica- 

tions. 

The liver has a dual blood supply via the portal vein 

and hepatic artery and an amazing capacity of clearing 

the bloodstream from bacteria through the large num- 

ber of its own fixed macrophages. When portal pyemia 

from any intra-abdominal infectious processes occurs, 

this natural capacity of the liver can be overwhelmed 

and hepatic abscesses may develop. Appendicitis was 

once the leading cause of hepatic abscess, while today 

only 20% of all liver abscesses are secondary to an in- 

fection from the drainage area of the portal vein, with 

diverticulitis, cancer of the GI tract with abscess for- 

mation, peritonitis and any intraperitoneal abscess to 

be the most common causes. Inflammatory bowel di- 

sease, pancreatitis, splenic infection and neonatal om- 

phalitis can also lead to hepatic abscess formation via 

the portal circulation. 

Disseminated bacteremia, usually gram positive 

cocci from endocarditis or intravenous drug abuse, but 

also from any other septic foci, can lead to hepatic ab- 

scess formation via the systemic (hepatic artery) circu- 

lation. Occasional pathogens such as Pseudomonas 

species or Candida have been isolated from hepatic 

abscesses of immunocompromised patients with in- 

creasing frequency. Patients with AIDS, organ trans- 

plantation, hematological or other malignancy and 

children with granulomatoses or immunodeficiency 

syndromes can all develop single or multiple liver ab- 

scesses. Other conditions, associated with compromi- 

sed host defenses, have also an increased risk of deve- 

loping pyogenic liver abscess. Diabetes mellitus have 

been associated in 15-20% of patients or even more in 

some series with hepatic abscess development. Pa- 

tients with end-stage renal disease (ESRD) on dialysis 

therapy have an increased susceptibility to bacterial 

infections and pyogenic liver abscesses developing in 

such patients have a high mortality rate [10]. Rarely ba- 

cteria that normally elicit granulomatous reactions, like 

brucellosis and tuberculosis, can cause hepatic abscess 

as a complication of a systemic infection. 

Today, ascending cholangitis has replaced portal 

pyemia as the commonest cause of hepatic abscess for- 

mation in over the third of patients and is commonly 

associated with attempted interventions to alleviate bi- 

liary obstruction. Virtually every condition that partial- 

ly obstructs the bile flow such as choledoholithiasis, 

benign and malignant strictures, cancer of the bile ducts 

or the pancreas can lead to liver abscess formation. 

Finally, in 15-25% of cases the source cannot be 

determined, despite thorough clinical and radiological 
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investigation and they are classified as cryptogenic. It 

is postulated that they may develop liver abscess for- 

mation secondary to an unrecognized source within 

the portal system. 

3 8 . 2 . 3 .  M o r p h o l o g y  a n d  M i c r o b i o l o g y  

Liver abscesses may be single or multiple. The majo- 

rity of liver abscesses occur in the right liver, most 

common ly  as a solitary mass. The rest of them are mul- 

tiple and usually involve either lobes or the right side 

alone. Isolated or multiple abscesses in the left lobe 

only are rare. In a recent European report, 76% of the ° 

patients had single and 24% multiple PLAs (right lobe 

65%, both lobes 22%) {12]. The site and distribution, as 

well as microbiology of the liver abscesses may give 

important  clues about the underlying etiology. Single 

abscesses are more  likely to be cryptogenic,  while 

multiple are usually due to ascending cholangitis or he- 

matogenous  disseminat ion from a septic loci. Intrape- 

ritoneal septic processes give rise to single, p redomi-  

nately right sided abscesses, due to the preferential  di- 

stribution of portal inflow from the superior mesente-  

ric vein to the right side or simply due to the greater 

parenchymal  mass of the right liver. 

Virtually, every bacter ium and fungus known to 

medical  microbiology has been implicated as a causa- 

tive agent of pyogenic hepatic abscesses. Usually, gram- 

negative aerobes are isolated from blood cultures and /  

or aspirates. E. coli and Klebsiella are the commones t  

microbes,  reflecting the gastrointestinal origin of these 

infections in the majority of cases. In a significant num- 

ber of cases, abscesses are polymicrobial .  Lately, ana- 

erobic organisms are more  frequently isolated, due to 

better  isolation and improvements  in culture techni- 

ques. The most c o m m o n  isolates in pyogenic liver 

abscesses are summar ized  in table 38.2. Microbiology 

of liver abscesses could indicate the origin of the 

infection and carry a different prognosis. K. pneumonia  

is usually associated with single abscesses of unknown 

(cryptogenic)  origin, while E. coli has been more  com- 

monly  isolated from multiple abscesses of biliary ori- 

gin [12]. K. pneumonia  is commonly  isolated from both 

blood cultures and aspirates in patients with diabetes 

mellitus or underlying biliary malignancy [11 ]. It is also 

the commones t  isolate in Asian patients, both in Asia 

and the US [13], repor ted with an increasing frequency 
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in complex and severe liver abscesses referred to spe- 

cialized hepatobiliary centers in Europe. In our own ex- 

perience,  K. pneumonia  has also been isolated with an 

increasing frequency from patients with pyogenic liver 

abscesses of biliary origin, associated with diabetes 

mellitus and/or  malignancy (unpublished data). In ano- 

ther study, K.pneumonia  was cultured from specimens 

from all patients with gas-forming pyogenic liver ab- 

scess [14]. Gas formation was attributed to a mixed 

acid fermentat ion of glucose. 

Liver abscesses occurring from bacteremia  arising 

from a non-gastrointestinal septic focus are more  likely 

to be monomicrobial ,  most frequently due to staphylo- 

cocci or streptococci,  while in immunodef ic ient  and 

otherwise i m m u n o c o m p r o m i s e d  patients, fungi or op- 

portunistic organisms may be isolated. Finally, rare ca- 

ses of salmonella [15], tuberculosis [16] or act inomyco- 

sis [17] have been repor ted in the literature. 

3 8 . 2 . 4 .  C l i n i c a l  M a n i f e s t a t i o n s  

The clinical features may be relatively non specific, 
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while presentation can range from severe sepsis to an 

indolent course of malaise and anorexia. The commo- 

nest symptoms are fever, abdominal pain and jaundice 

(table 38.3). The symptoms and signs are either sy- 

stemic or local. The systemic symptoms are those of 

sepsis: fever, chills and profound sweating. Malaise 

and anorexia occur early, along with weight loss, 

weakness, nausea, vomiting and lethargy. The most 

prominent local symptom is a dull, constant right up- 

per quadrant pain. Localized tenderness and hepato- 

megaly may also be present, as well as positive Mur- 

phy's sign. Jaundice occurs less commonly. Finally, ap- 

proximately 10% of patients present with signs of ge- 

neralized peritonitis, due to intraperitoneal rupture of 

the abscess. 

38.2.5. Laboratory Findings 

They obviously reflect systemic infection as well as 

impairment of hepatic function. Leukocytosis is com- 

mon and C-reactive protein and sedimentation rate are 

elevated. Up to two-thirds of patients are anemic, re- 

flecting the chronicity of the clinical presentation or 

the underlying malignancy. More than 50% of patients 

have abnormal liver function tests. Alkaline phosphata- 

se and transaminases are elevated in 60-80% of pa- 

tients, while serum bilirubin is increased in a 30% of 

them. Serum albumin is usually low (70%), as a non- 

specific response to inflammation. Prothrombin time 

and other coagulation parameters are usually impaired. 

Abnormalities in liver function tests are usually mild 

and do not correlate with the clinical picture of severe 

illness with hepatomegaly and sepsis. The alkaline 

phosphatase is the most constantly and significantly 

elevated. Blood cultures are positive in 30-60% of all 

patients while in 90% of the cases the causative orga- 

nism can be grown from aspirated pus. Sterile cultures 

may be due to improper handling of specimens or 

prior administration of antibiotics. Gram stain of the 

aspirated pus is also imperative. It detects bacteria in 

the aspirated pus in 79%; the reported sensitivity and 

specificity of Gram stain of the liver abscess are 90% 

and 100% for Gram-positive cocci and 52% and 94% 

for Gram-negative bacilli [18]. Both blood cultures and 

Gram stains should always accompany aspirate cultu- 

res. 

38.2.6. Radiological Evaluation 

Imaging studies are essential for the diagnosis and 

treatment of liver abscess. Certain abnormalities obser- 

ved on chest and plain abdominal x-ray studies may 

suggest the presence of a liver abscess but are non spe- 

cific and of limited diagnostic value. 

Chest radiograph may show an elevation of the 

right diaphragm, a right pleural infusion, atelectatic 

changes in the right lower lobe or obliteration of the 

costophrenic angle (fig. 38.1). The plain film of the 

abdomen may show signs of hepatomegaly, gas within 

the liver parenchyma, gas in a non-operated biliary 

tree and in the portal vein, suggesting liver abscess, 

septic cholangitis and bowel gangrene with portal 

pyophlebitis respectively. In rare cases, the presence 

of an ingested foreign body or other signs can been 

observed. Nuclear scans and angiography that were 

previously widely used, have become obsolete. 

Ultrasonography (US), having 75-90% sensitivity, 

has replaced every other imaging study, as the method 

of choice for the initial evaluation of the liver. There 

are variations in the sonographic appearance of a liver 

abscess, depending mostly on the maturation of the 

process. Early on, the lesion tends to be less distinct 

and hyperechoic. It can be echogenic as well as non- 

echogenic. In the case of non-echoic lesions, variable 

amounts of internal echoes can be seen. As the abscess 

matures, the margins become better demarcated and 

the content typically hypoechoic (fig. 38.2). Occasio- 

nally, fluid interfaces can also be detected. Internal 

echoes can be visualized as a hyperechoic shadow 

behind the lesion, a useful sign to differentiate solid 

from fluid-containing lesions. When the pus is very 
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Fig. 38.2. a-b: Ultrasonography shows a characteristic hypoechoic 
lesion within liver parenchyma, associated with gallstones. 

Fig. 38.1. a, b: Chest radiograph shows mild elevation and flattening 
of the right diaphragm. The patient was initially treated for lung 
infection, c: Chest CT shows bilateral pleural effusion and atelecta- 
sis/consolidation of the right lower lung. 

thick or the abscess immature, it may be absent. Its ab- 

sence does not exclude the diagnosis of a liver abscess. 

Finally, US may fail to detect multiple small abscesses 

or an abscess close to the diaphragm. US can also de- 

tect many pathological conditions, especially of the 

biliary tree, associated with the abscess formation. Fur- 

thermore, it can be used for a direct aspiration to con- 

firm or treat the liver abscess. 

Computed tomography (CT) is an ideal tool for dia- 

gnosis and treatment of hepatic abscess. It has a sensi- 

tivity of 97% or more and is more accurate than ultra- 

sound in detecting and differentiating a liver abscess 

from other lesions. Pyogenic abscesses may be classi- 

fied as either microabscesses (< 2 cm) or macroabsces- 
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ses. Pyogenic microabscesses may appear as multiple 

widely scattered lesions similar in distribution to fun- 

gal microabscesses in immunocompromised patients, 

or as a cluster of microabscesses that appear to coale- 

sce focally [20, 21]. The diffuse miliary pattern is cau- 

sed by staphylococcal infection in patients with gene- 

ralized septicemia and usually involves both the liver 

and the spleen. The cluster pattern is associated with 

coliform bacteria and enteric organisms. It may well 

represent an early stage in the evolution of a large pyo- 

genic abscess. On CT, a liver macroabscess appears ty- 

pically as a single round or multiloculated mass with 

low attenuation. As with ultrasonography, there may 

be some variations in the appearance of hepatic ab- 

scess on CT [22]. A good quality contrast enhanced, 

three phases helical CT is imperative in the diagnosis, 

since it relies on the liver-to-lesion attenuation diffe- 

rences [23]. Typically, the lesion itself does not enhan- 

ce on contrast injection and may be surrounded by a 

peripheral rim of contrast enhancement (fig. 38.3). It 

may be round or oval, but may have irregular or lobu- 

lated margin. It may be single, multiple or multilocula- 

ted. Early on, it may be less demarkated, mimicking 

tumors or other liver lesions. Gas bubbles or an air- 

fluid may be seen in only 20% but are diagnostic (fig. 

38.4). If there are any doubts about the nature of the 

lesion, a fine needle aspiration should be performed 

under either US or CT guidance (fig. 38.5). It is a sim- 

ple and safe procedure, which will not allow a diagno- 

sis by a Gram stain, but also distinguishes a pyogenic 

from an amebic abscess, a tumor or a cystic lesion of 

the liver. An upper and lower abdomen CT scan should 

always be order in the first place as it may show the 

origin of the abscess being a silent clinically gastroin- 

testinal abnormality (diverticulitis, cancer etc). 

Magnetic resonance imaging (MRI) does not appear 

to offer any great advantage over CT in the characteri- 

zation of infective local lesions in the liver. It has, 

though, a significant role in the diagnosis of biliary 

conditions associated with a liver abscess develop- 

ment mainly as MR cholangiography. 

In conclusion, characteristic changes in US echoge- 

nicity, CT attenuation or MR imaging signal intensity 

and typical enhancement pattern can contribute to the 

diagnosis of hepatic abscesses and may be sufficient 

enough to obviate aspiration or histological examina- 

tion. CT is particular helpful in revealing the presence 

Fig. 38,3. a-b: Low attenuation area within the liver. Loculated liver 
abscess in close proximity with a mildly inflamed gallbladder full of 
stones. The lesion characteristically does not enhance on contrast 
injection, and is surrounded by a peripheral rim of contrast enhan- 

cement. 

of calcifications and gas and in detailing the enhance- 

ment patterns. 

38.2.7. Diagnosis 

The clinical manifestations of a pyogenic abscess may 

be highly variable. Patients may present with the clas- 

sical triad of high fever, severe right sided abdominal 

pain and jaundice or may have a clinically occult (cold) 

abscess, which manifests only as weight loss and vague 

abdominal pain. Hepatic biochemical abnormalities, 

including slightly elevated alkaline phosphatase, trans- 
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Fig. 38.4. Gas bubbles and air-fluid within a low attenuation liver le- 
sion, characteristic of a liver abscess on CT imaging. 

Fig. 38.5. Fine needle aspiration under CT guidance of a liver lesion, 
proved to be a liver abscess in the early stage of development. Dif- 
ferential diagnosis from a tumor or other focal lesion can be establi- 
shed safely. 

aminases and hypoalbuminemia, are non specific. Ear- 

ly diagnosis and treatment is imperative in reducing 

morbidity and mortality rates, as well as the need for 

major surgery. It mainly relies on CT and US as they 

can reliably detect more than 90% of pyogenic absces- 

ses. A vigorous search for the primary source of infe- 

ction should be always attempted, because it's signifi- 

cant prognostic and therapeutic implications. 

38.2.8. Differential Diagnosis 

Differential diagnosis of pyogenic abscess includes all 

infective lesions of the liver, as well as benign and 

malignant tumors and complicated (infected) simple 

or parasitic liver cysts (table 38.4). Patients with ame- 

bic abscesses are usually more acutely ill, with high 

fever and abdominal pain; are younger, usually male 

and come from high-prevalence areas or have a history 

of recent travel to such areas. While both CT and US 

are sensitive in detection of amebic abscesses, it is dif- 

ficult to differentiate from pyogenic abscesses. The 

amebic abscesses are typically oval or rounded, loca- 

ted near the liver capsule, with attenuation values indi- 

cative of complex fluid and an enhancing rim and hy- 

peremia zone are common and somewhat characteri- 

stic for this lesion. Serum antibodies are positive in 

over 90% of patients with an amebic abscess and will 

establish the diagnosis. Secondary bacterial infection 

of hydatid cysts may mimic hepatic abscess and will be 

discussed later in this chapter. Fungal, tuberculosis, 

granulomatous diseases and other parasitic liver infe- 

ctions will be differentiated on clinical, radiological 

and serological grounds and the diagnosis established 

by aspiration/culture of the abscess content. Some ti- 

mes, pyolophlebitis and liver abscess can be misdia- 

gnosed as hepatocellular carcinoma [25]. A cecal tumor 

with presumably hepatic metastasis can be in fact a 

pyogenic liver abscess, originating from an inflamma- 

tory bowel lesion [26], while solid organizing hepatic 

abscess mimicking hepatic tumors can be differentia- 

ted by the target appearance of the liver abscess on CT 

and MRI images [27]. In general, CT enhancement pat- 
terns and MR imaging signal intensity together with a 

dynamic interrogation of liver lesions will differentiate 

pyogenic abscess in the early stages of development 

from benign and malignant liver lesions. Fine needle 

aspiration and cytology may be necessary to confirm 
the diagnosis. 
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38.2.9. Treatment 

Once the diagnosis of liver abscess becomes a probabi- 

lity, based on clinical and/or radiological information, 

management comprises of antibiotic therapy and plan- 

ning, performing and following-up a percutaneous 

drainage procedure. Finally, every effort should be ma- 

de to identify and correct the source of infection, whi- 

le surgery will be reserved for the treatment of very 

few cases. 

38.2.10. Antibiotic Therapy 

The treatment of all patients suspected or diagnosed 

with a liver abscess will start on antibiotics, indepen- 

dently of any other treatment modality employed. 

However, antibiotics alone are not sufficient in the 

treatment of liver abscesses, because bactericidal con- 

centrations of antibiotics may be difficult to be achie- 

ved within a walled-off abscess. An adequate drainage 

procedure is therefore mandatory. Without drainage, 

mortality higher than 50% is reported, even today. The 

only indications for the use of antibiotic therapy alone 

are: (a) in proven cases of uncomplicated amebic liver 

abscess, (b) multiple small (< 2 cm) abscesses that can- 

not be drained percutaneously and (c) abscesses that 

fail repeated attempts at percutaneous drainage in pa- 

tients who are too ill to undergo a surgical drainage 

procedure. The choice of antibiotics can be deducted 

from the microbiology of liver abscess. If the patho- 

genesis of the abscess is known, the underlying disease 

provides with some clues to the bacteriology and with 

that to the choice of antibiotics. As the microbiology of 

a liver abscess consists of one or more of pyogenic 

gram-positive cocci (staphylococci and streptococci), 

gram-negative enterobacteria (E. coli, Klebsiella, Ente- 

robacter, Proteus etc) and anaerobic bacteria, the ini- 

tial choice of antibiotics should consist either of a com- 

bination of an aminoglycoside and ampicillin with me- 

tronidazole or a second or third generation cephalo- 

sporin with metronidazole. Alternatively, a suitable 

broad-spectrum beta-lactam antibiotic with satisfacto- 

ry anaerobic coverage, such as cefoxitin, moxalactam, 

carbapenems, piperacillin, ticarcillin or mezlocillin, 

could give reasonable coverage against the commonly 

isolated organisms. If the abscess occurs in the context 

of systemic sepsis, staphylococcus aureus or strepto- 

cocci are the most common etiologic agents, and ape-  

nicillinase-resistant penicillin should be administered. 

If disseminated fungal infection is suspected, especial- 

ly in immunocompromised patients, an antifungal agent 

should be given as well. The bacteriological diagnosis 

should however be established as soon as possible 

from the percutaneous aspirate and the antibiotic treat- 

ment should be modified according to the culture and 

sensitivity test results. If not drained, the recommen- 

ded duration of treatment is 4 to 6 weeks in patients 

with multiple or large abscesses. This may be shorte- 

ned for small or well-drained abscess, with fast re- 

sponse to appropriate treatment. Intravenous antibiotic 

therapy may be changed to appropriate oral antibiotic 

therapy after 2 weeks of systemic treatment. Finally, 

there is no evidence that antibiotics instilled in the ab- 

scess cavity have any advantage over appropriate sy- 

stemic antibiotic therapy. 

38.2.11. Percutaneous Drainage 

It is currently the treatment of choice. It entails either a 

single or multiple percutaneous aspirations of the ab- 

scess cavity or a formal percutaneous large bore cathe- 

ter drainage procedure, under US or CT guidance, with 

the Scheldinger technique (fig. 38.6). The exact metho- 

dology of the procedure is beyond the scope of this 

book. Local anesthesia and light sedation, proper plan- 

ning of the procedure with, some times, further ima- 

ging to select the access route and appropriate medical 

preparation of the patient is required. The later should 

aim at minimizing the risk of hemorrhagic and septic 

complications. The procedure is ideally used in pa- 

tients with single or multiple pyogenic abscesses, with- 

out concomitant intraabdominal pathology requiring 

surgical intervention. It is especially suitable in the ma- 

nagement of cryptogenic abscesses. It may also used as 

an adjunct to operative or otherwise correction of the 

primary condition. It can also be used as a temporizing 

measure for critical ill patients with uncorrected pri- 

mary pathology. In most series, the duration of cathe- 

ter drainage required for resolution ranges from 2 to 

14 days. 

The first description of percutaneous treatment of a 

hepatic abscess was by simple needle aspiration and 

intracavitary antibiotic instillation [3]. Since then, a de- 

bate exists between aspiration alone and percutaneous 

catheter drainage. Percutaneous needle aspiration 
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Fig. 38.6. a-b-c: Percutaneous catheter drainage under CT guidance 
of a liver abscess, by the Scheldinger technique: (a) needle aspira- 
tion of a liver abscess, (b) guide wire within the abscess cavity, re- 
placed (c) by a large bore catheter (Courtesy of Dr. A. Koureas). 

without catheter placement is favored in some institu- 

tions because a single needle aspiration will be ade- 

quate in 50% of patients. In a further percentage of pa- 

tients, repeated attempts of aspiration will result in re- 

solution and the risks of complications and patient di- 

scomfort, associated with the use of indwelling cathe- 

ters, is avoided [28]. In a recent prospective study 

comparing catheter drainage with needle aspiration 

the needle group was associated with a higher treat- 

ment success rate, a shorter duration of hospital stay 

and a lower mortality rate, although the later was not 

statistically significant. Intermittent needle aspiration 

was found safer than and as effective as continuous ca- 

theter drainage and was considered a first-line draina- 

ge approach for the treatment pyogenic liver abscesses 

[20]. Contrary to this report, in another randomized 

comparison of the two approaches, catheter drainage 

resulted in completeresolut ion of all patients so trea- 

ted, while needle aspiration had a 40% failure rate. 

Further more, hospital stay was significant shorter in 

the catheter drainage group [30]. Needle aspiration 

.alone is more likely to be successful in relative small, 

unilocular abscesses without chronicity and communi-  

cation with the biliary tree. Our own approach favors 

catheter drainage of all liver abscesses unless they are 

small or there are medical or patient related factors of 

increased risk for such catheter placement [31]. In a 

small number of patients, aspiration alone should be 

the first-line approach and if it fails, a percutaneous 

catheter or surgical drainage will follow. 

Percutaneous drainage is not always possible [32]. 

In a recent study, it was associated with a 15% recur- 

rence rate and a 3.9% mortality rate [33]. A failure rate 
of 20% has been also reported, which lead to a subse- 

quent surgical intervention. Risk factors associated 

with failure of the initial non-operative management  

include multiloculated abscess, biliary communication, 

increased serum urea, creatinine or bilirubin. Presenta- 

tion with rupture of the abscess was an independent  

risk factor. Further more, percutaneous drainage is as- 

sociated with certain risks and complications. Although 

empyema is rare, pleural contamination should be 

considered, especially if the patient does not respond 

promptly. If a pleural effusion is present, a pleural tap 

and a tractogram will confirm or exclude the diagno- 

sis. 
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38.2.12. Surgical Management 

In approximately 10% of patients surgical intervention 

is required [34]. Table 38.5 shows the main indications 
for surgery. Open drainage of liver abscess is required 

in all complications, such as rupture into the pleura, 

pericardial or peritoneal cavities, in incomplete percu- 

taneous drainage or uncorrected primary pathology. 

Indications for open drainage include multiloculated 

abscesses, not amenable to percutaneous drainage, and 

abscesses with biliary communications [35]. 

Radiological sign of "slough" within the abscess ca- 
vity indicate highly viscous material, not amenable to 

catheter drainage, and require open drainage [36]. In a 
recent prospective, randomized study comparing open 
to percutaneous drainage of large hepatic abscesses it 

was found that surgical drainage was superior to per- 

cutaneous approach in abscess larger than5 cm. It was 

associated with less treatment failures, number of se- 

condary procedures, shorter length of hospital stay and 

comparable morbidity and mortality rates. According 

to the authors, surgical drainage should be considered 

as first-line treatment of large liver abscesses [37]. This 
is the only study favoring surgery over percutaneous 

catheter drainage and should be considered carefully. 
Failure to identify and correct the underlying intra- 

abdominal septic focus is one of the major reasons for 
treatment failure of a hepatic abscess, resulting in in- 

creased morbidity and mortality as well as prolonged 

hospitalization. Biliary tract benign and malignant le- 
sions are the commonest sources of ascending cholan- 
gitis and liver abscess formation. Complicated gallsto- 
ne disease still accounts for a significant number of 
these cases and may require either endoscopic proce- 
dures or emergency surgery to deal with both the pri- 
mary condition and septic complications. From the 
other intraabdominal causes of liver abscess appen- 

dicitis has virtually disappeared as a cause of liver ab- 

scess, because of the earlier recognition and treatment, 
but diverticulitis and inflammatory bowel disease still 

remain important causes [361, as does colonic mali- 
gnancy. In these cases, surgical correction of the pri- 

mary cause and open drainage of the liver abscess is 

advocated (fig. 38.7). 
Open surgical drainage can be performed by either 

a transperitoneal or an extraperitoneal approach. The 

extraperitoneal approach through the bed of the 12th 

rib or the transpleural approach through the bed of the 

10th or 1 lth rib was the all times classical approach for 
drainage of a large abscess, located in the dome of the 

liver (fig. 38.8). In the past, an anterior subcostal inci- 
sion with extraserous (extraperitoneal) approach would 
be employed for the drainage of an anterior hepatic 
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Fig. 3 8 . 7 .  A l m o s t  complete resolution of the liver abscess a month 
later, following open cholocystectomy and surgical drainage on the 
patient depicted on figures 3 8 . 1 - 3 8 . 4 .  
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Fig. 38.8. The extraperitoneal approach through the bed of the 
12th rib or the transpleural approach through the bed of the lOth or 
11th rib was the all times classical approach for drainage of a large 
abscess located in the dome of the liver. 

abscess. Avoidance of contamination of the peritoneal 
cavity was mandatory in the pre-antibiotics era. Since 
the introduction of antibiotics in clinical practice, the 
improvement in surgical techniques and the manage- 
ment of seriously ill patients, the transperitoneal 
approach became the gold standard as it confers the 
additional advantages of being able to drain all liver 
abscesses irrespectively of size and location within the 
liver, and being able to perform a thorough explora- 

tion of the abdomen and address the primary focus as 
well [33]. Direct palpation and blind needle aspira- 
tions have been replaced by intraoperative ultrasono- 
graphy which can locate precisely any large or small 
hepatic abscess. Digital destruction of septations and 
loculations should lead to one large cavity, which could 
adequately be drained with large bore soft tubes brought 
out through a stab wound. Closed suction drains are fa- 
vored by most surgeons. Adequate protections should 

be taken during the laparotomy for avoiding perito- 

neal contamination. Postoperative management requi- 

res prolonged antibiotic treatment and supportive ca- 

re, even parenteral nutrition. 
The postoperative complication rate is still signifi- 

cant, with recurrent abscess, abscess formation within 

the peritoneal cavity, metastatic abscess and mainly 
wound infection to be the most common causes of 
morbidity following open drainage of hepatic absces- 
ses. If sepsis continued or recurred, repeated CT scans 

may be necessary to rule out the re-accumulation of 
pus within the liver, the appearance of additional ab- 
scesses or the development of a perihepatic collection. 

Laparoscopic drainage of liver abscesses, combined 
with intravenous antibiotics, is a safe alternative for pa- 
tients requiring surgical drainage, when medical treat- 

ment and percutaneous drainage have failed [38]. The- 
re have been numerous reports of successful laparosco- 
pic management of liver abscesses, especially when in- 
traoperative laparoscopic ultrasonography is employed 

[39, 40]. 
Finally, surgical drainage of the liver abscess may 

not be possible or sufficient enough for complete reso- 
lution of the liver abscess and hepatic resection may be 
required [32]. This is more common in cases of uncon- 

trolled sepsis, multiloculated abscesses, infected or ne- 

crotic tumors, associated parenchymal destruction due 
to trauma, long standing biliary obstruction causing 
liver atrophy, hepatolithiasis or complicated hydatid 
disease. Hepatic resection may also be more suitable 
for definitive management of multiple liver abscesses, 
confined to one lobe of the liver. 

38 .2 .13 .  Complications 

The number of complications of the reported liver 
abscesses is small, but they may be underestimated. A 
complication rate as high as 21% has been recently re- 
ported [41] but, in that particular study, computer to- 
mography findings were based on routine abscesso- 
grams demonstrating a particular high number of com- 
munications without direct clinical findings and surpri- 
singly no mortality. Table 38.6 lists the most common 
complications associated with pyogenic hepatic: ab- 
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scesses. The pleuropulmonary complications of pyoge- 

nic liver abscesses include hepatobronchial fistula, lung 

abscess and consolidation, empyema and, most com- 
monly, pleural infusion. Serous pleural effusion is com- 

mon in a variety of subdiaphragmatic, perihepatic or 

intrahepatic infectious or collections and usually disap- 

pears, following treatment of the underlying disease. 

Rupture into the peritoneal cavity of a liver abscess 

leads to loculated perihepatic abscess or diffuse peri- 

tonitis. Patients are treated with percutaneous drainage 

of both the intrahepatic and intraperitoneal abscesses, 

but urgent surgery may be required. Vascular compli- 
cations in the form of extrinsic compression of the in- 

ferior vena cava and portal vein thrombosis occur ra- 

rely. Rupture into the pericardial cavity is also quite ra- 
re, but is associated with a high mortality rate. It is 

usually reported in patients with an amebic abscess, 

though it has also been described in patients with a 

pyogenic abscess [42]. It is more commonly associated 

with a left lobe abscesses. Early diagnosis is of para- 

mount importance and pericardiocentesis is a useful 

diagnostic and therapeutic tool. Rupture of a liver ab- 

scess into the bowel, as well as rupture into the retro- 

peritoneum through the bare area of the liver, is extre- 
mely rare but has been described. On an abscesso- 
gram, opacification of the biliary tree has been repor- 
ted either as a spontaneous rupture of a hepatic abscess 

into the bile ducts or, more probable, due an artificial 

communication following a percutaneous catheter pla- 

cement. In another study in Taiwan, a 5.7% rate of 

spontaneous rupture of a liver abscess caused by Kleb- 

siella was observed, and diabetes mellitus, large ab- 

scess size (greater than 8 cm), gas formation in the ab- 
scess and left hepatic lobe involvement were identi- 
fied as independent risk factors [43]. Metastatic infe- 
ctions such as lung empyema, endophtalmitis, septic 
lung embolism, meningitis, epidural and renal absces- 
ses were also observed in these .patients at a rate of 

14.3%. In another retrospective analysis of patients 
with pyogenic liver abscesses, diabetes mellitus, alco- 

holism, bacteremia and Klebsiella pneumoniae infe- 

ction were associated with a 9.4% rate of extrahepatic 

metastatic infection. This study implies that the under- 

lying host condition (compromised in diabetics and al- 

coholics) should play an important role in the develop- 

ment of septic metastases from pyogenic liver absces- 
ses [44]. 

38.2.14. Outcome and Prognosis 

Today, the overall mortality of hepatic abscess ranges 

from 2 to 35% [45, 46]. In the past, the number of ab- 

scesses, the causative bacteria as well as the origin of 

the infection, the mode of treatment, the presence of 

complications and the age of the patient had a signifi- 

cant impact on prognosis [47]. These parameters are 

less marked today. Risk factors are more consistently 

associated with poor outcome and include preoperati- 

ve shock, hyperbilirubinemia, hypoalbuminemia, coa- 

gulopathy, leukocytosis, diabetes and the presence of 

malignancy [48]. Even today, the predominant E coli 

liver abscess has a relative high mortality rate, which is 

associated with underlying malignancy, multiple ab- 

scesses and profound hypoalbuminemia [12], whereas 

K. pneumoniae has become the predominant etiology 

for pyogenic liver abscess; mortality from this disease 

has decreased substantially [49]. With the advances in 

early diagnosis and treatment [50] by the liberal use of 

percutaneous drainage, antibiotic therapy and suppor- 

tive care of these serious ill patients, it seems that the 

underlying causative pathology increasingly determi- 

nes the outcome. In the series of patients with the 

highest mortality, a large percentage of patients suffe- 

red from a malignant disease [51]. 

In conclusion, even today, the overall mortality 

may be as high as 30%-40% in patients with multiple 

liver abscess, malignant biliary obstruction, inadequate 

drainage and immunodeficiency. 

38.2.15. Pyogenic Liver Abscess in Children 

In the developed world, pyogenic liver abscess is a ra- 

re diagnosis in children. Pyogenic liver abscess has 
been reported as the first manifestation of chronic gra- 

nulomatous disease. The commonest isolated pathogen 

was Staphylococcus aureus. Because children are at in- 

creased risk of developing portal vein obstruction and 

portal hypertension, co-existent appendicitis, intra-ab- 

dominal sepsis and ascending pyelophlebitis must be 

sought. Prolonged intravenous antibiotic treatment com- 

bined with guided aspiration is highly effective [52]. 

38.2.16. Pyogenic Liver Abscess 
in Transplant Recipients 

Liver transplant recipients consist a special subgroup of 
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patients with hepatic liver abscess. In addition to being 

on immunosuppressive medications, they also present 

specific complications, such as hepatic artery thrombo- 

sis and ischemic biliary strictures or bilomas which 

may lead to the development of hepatic abscesses. A 
range of causative pathogens, including Haemophilus 
parainluenza, Pseudomonas and Candida, have been 

reported [53, 54, 55]. In some reports, biliary recon- 

struction by Roux-en-Y hepaticojejunostomy has also 

been implicated as a risk factor. 

38.3. Pyogenic Liver Abscess and Hydatid Cyst 
Disease 

Hydatid disease is a severe and common parasitic di- 

sease, endemic to the Mediterranean basin and other 

sheep-raising areas. Ingested eggs of the tapeworm 

Echinococcus granulosus invade the intestinal mucosal 

wall and proceed to the liver via the portal venous 

system, where the surviving embryos become hydatid 

cysts. They remain dormant, but they may become in- 

fected and present themselves as liver abscesses. While 

history of recent travel or immigration to endemic 

areas, as well as the characteristic eosinophilia may 

suggest the diagnosis, unfortunately, serology is positi- 

ve in only 25% of the patients. Differential diagnosis 

relies heavily on current imaging techniques. Ultraso- 
nography findings vary and range from purely cystic to 
solid-appearing pseudotumors. Daughter cysts and the 

water-lily sign are characteristic but not always pre- 

sent. Calcifications may also be seen. At CT it appears 
as well defined, hypoattenuating lesion with a distin- 
guishable wall. Coarse wall calcifications are present in 

50% of cases and daughter cysts are identified in ap- 

proximately 75% (fig. 38.9). MR imaging with its su- 

perior contrast resolution, can better demonstrate the 

pericyst, matrix and daughter cysts and establish the 

diagnosis [56]. Complicated, infected hydatid cysts, 

though, may well presented as typical liver abscess and 

only the existence of peripheral calcifications can be of 

help (fig. 38.10). Identification of hydatid cyst is consi- 

dered to be of crucial importance, because percuta- 

neous puncture should be avoided as it may lead to in- 

traperitoneal dissemination of the infection. Percuta- 

neous drainage and instillation of a sclerosing agent 

together with mebendazole treatment has been repor- 
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Fig. 38.9. Wall calcifications and daughter cysts depicted on CT scan 
help distinguishing between a liver abscess and complicated, 
infected hydatid cyst. 

ted in the treatment of very selected cases of uncom- 

plicated hydatid disease [57, 58, 59], but they should 
be consider as the exception to the rule. For the com- 
plicated with infection hydatid cyst of the liver, surge- 

ry is the treatment of choice. 

38.4. Amebic Abscess 

38.4.1.  Overview 

Amebic colitis and amebic liver abscess were known 
since ancient years. Hippocrates recognized that, "Dy- 
senteries..." when set with fever, intestinal discharges 
of a mixed character or with inflammation of the liver 

"...have a bad prognosis" [60]. 
However, more than 2000 years elapsed for Entero- 

amoeba histolytica to be identified as the cause of 

dysentery and death by the St. Petersburg physician 

Fedor Aleksandrovich, in 1875 [61]. In the ensuing 

years, clinical manifestations of the disease were defi- 

ned, serological tests were developed and effective 

treatment was established. Despite all this progress, 

amebiasis is considered as the second or third leading 

cause of death amongst the parasitic diseases [621. 
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a 

Fig. 38.10. (a) Plain abdominal x-ray shows a characteristic calcified 
hydatid cyst presenting as a liver abscess, (b) Complicated, infected 
hydatid cysts though may well show up as typical liver abscess on CT 
imaging but the presence of peripheral calcification reveals the true 
nature of the disease. Partial resection of hydatid cyst following at- 
tempted surgical drainage in a patient referred to us with clinical 
manifestations of a liver abscess. 

38.4.2. I n c i d e n c e  

The disease is endemic worldwide, with an estimated 

10% of the world's population being infected. It is 

most prevalent in India, Africa, the Far East and Cen- 

tral and South America. Less than 10% of the indivi- 

duals are symptomatic and amebic dysentery is the 

commonest clinical manifestation of the invasive form. 

Hepatic abscess is the most common extra-intestinal 

form of the disease, occurring in 8.5% of the cases. In 

non-endemic regions, amebic liver abscess is limited 

to immigrants or recent travelers to an endemic area, 

chronically institutionalized patients and in a number 

of homosexual males. Amebic liver abscess mainly af- 

fects men, between the ages of 18 and 50, in whom the 

rate is 3-20 times higher than the rest population. 

There is a marked male predominance in amebic liver 

abscess, with men more commonly affected than wo- 

men, with a ratio as high as 10:1. 

38.4.3. Etiology and Pathogenesis 

E. histolytica has a simple lifecycle, existing as either 

the infectious cyst form or the trophozoite stage. Most 

individuals are infected by ingestion of food or water 

contaminated with feces containing the cystic form, 

released in the small intestine as trophozoites. These 

invade the colonic mucosa and reach the liver through 

the portal system. They provoke enzymatic focal ne- 

crosis of hepatocytes, tissue infarction and multiple 

micro-abscesses that coalesce to develop into a single 

lesion, whose central cavity contains a homogenous 

thick fluid, reddish brown and yellow cooler, typically 

referred as "anchovy paste". The right lobe of the liver 

is involved in a single abscess, in over 90% of the ca- 

ses. Multiple abscesses are found in only 10% of the ca- 

ses. Amebic abscesses are usually bacteriologically ste- 

rile, but secondary bacterial infection has been repor- 

ted. 

38.4.4. Clinical Manifestations 

Patients with amebic liver abscess are usually more 

acutely ill than patients with pyogenic abscesses. The 

clinical manifestations of hepatic amebiasis are so typi- 

cal that may suggest the diagnosis in the areas where 

the disease is prevalent. Some days or months after the 

onset of classic dysentery, or as usually happen, with- 

out any symptoms or history of intestinal amebiasis, 

the clinical features begin to appear. The disease can 

occur in an acute and a chronic form [62]. In patients 

with acute onset, fever is generally present in more 

than 90% of the cases. It is often high, continuous or 

intermittent and accompanied by chills, weakness and 

profuse sweating. In chronic forms, the fever is low 

and is developing more gradually without chills or 

sweating. Abdominal pain is the earliest and most fre- 

quent complaint, present in almost all of the patients. It 

starts as a feeling of heaviness and soon it becomes a 
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severe sharp pain located over the right hypochon- 
drium, chest or epigastrium, with radiation occasional- 
ly into the right shoulder. Patients may also complain 

of malaise, nausea, vomiting, anorexia and weight loss, 

while diarrhea may be present in about 2% of the ca- 

ses. Jaundice is an unusual feature. Its appearance sug- 

gests the existence of large or multiple abscesses, ba- 

cterial infection and hepatic function derangement. Se- 

vere sepsis is generally less common than in pyogenic 
abscesses. Symptoms from the chest, such as dry cough, 

chest pain etc., may be present and an abnormal fin- 
ding over the right lung base or localized intercostals 

tenderness can also be found in 47 and 38 percent 

respectively [63]. In over 80% of the cases, tender he- 

patomegaly is present. The clinical symptoms from a 
recent series of hepatic amebiasis in an endemic area 
are given in table 38.7. 

38.4.5. Diagnosis 

From the laboratory findings, a mild degree of normo- 
chromic or hypochromic anemia and a mild to mode- 

rate leukocytosis are usually present. Liver function 
tests are not very helpful. A moderate elevation of al- 

kaline phosphatase as well as hypoalbuminemia and 

increased transaminases would suggest the possibility 

of a large abscess. The organism is not commonly de- 

tectable in the stool of these patients, but antiamebic 

antibodies are present in 90-95% of patients with ame- 

bic abscess and are detectable by haemagglutination or 
enzyme-linked immunoabsorbent assay (ELISA). How- 
ever, serologic findings may be negative in acute di- 
sease (but positive at repeat testing performed within 
7-10 days) and may be positive if the patient had ame- 

biasis in the past. Among the available today serolo- 

gical tests, indirect hemagglutination (IHA) is a very 

sensitive test, being positive in 90-95% of patients with 

liver amebiasis but is replaced by ELISA techniques, 

which detect either IgG class or total immunoglobulin 

antibodies with 98% sensitivity and are especially 

helpfully in the early stages of hepatic amebiasis. 

Radiology is also very important in the diagnosis 

and management of hepatic amebiasis. Chest radio- 

graph is abnormal in 50% of the patients. An elevation 

of the right diaphragm, pleural effusion or infiltration 

at the base of the right lung is the most common fin- 

dings. At ultrasonography, an amebic abscess may ap- 

pear as a hypoechoic lesion, with low level internal 

echoes and absence of significant wall echoes. The le- 

sion is typically oval or round and located near the li- 
ver capsule [64]. 

At contrast-enhanced CT, amebic abscesses usually 

appear as rounded, well-defined lesions, with attenua- 

tion values that indicate presence of complex fluid (10- 

20 HU). An enhancing wall 3-15 mm in thickness and a 

peripheral zone of edema around the abscess are com- 

mon and somewhat characteristic for this lesion [65] 

Extrahepatic extension of amebic abscess is relatively 

common and can be easily diagnosed on CT. 

At MRI imaging, amebic abscesses are homoge- 

neous low signal intensity and high signal intensity on 

T1- and T2-weighted images respectively. Perilesional 

edema is seen on T2-weighted images in 50% of cases 
[66]. Despite a similarity with several diseases such as 

hepatoma, acute cholecystitis, parasitic cysts, subphre- 

nic and pulmonary abscess provoked by bacteria, the 
differential diagnosis of hepatic amebiasis must be 

principally established against pyogenic abscess. Epi- 

demiologic information of recent travel to or immigra- 

tion form temperate climates, acute onset of fever and 

tender hepatomegaly, imaging studies and positive se- 

rology will establish the diagnosis. Sterile pus aspirated 

from the abscess, possible recovery of E. histolytica 

from the feces and rapid response to metronidazole 

treatment will further strength the diagnosis of amebic 

abscess. 

38.4.6. Management 

Contrary to pyogenic abscesses, amebic abscesses res- 

pond well to medical treatment. Metronidazole is the 
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drug of choice for the treatment of hepatic amebiasis 

because of its highly lethal action against the tropho- 

zoite form of the parasite, as well as the favorable 

pharmacokinetics. In critically ill patients, metronida- 

zole is administrated at 500 mg by IV infusion every 8 

hours, for five or ten days. By the oral route, 750 mg 

are given rid for 10 days. Most patients treated with 

metronidazole will improve within 3 to 4 days while 

cure has been reported in more than 90% of the cases. 

Newer imidazole derivatives, such as tinidazole and se- 

cnidazole, have been introduced in the clinical practi- 

ce, while chloroquine and emetine can be also used in 

patients not responding to the imidazoles. Due to the 

short stay of imidazoles in the bowel lumen, a luminal 

amebicide such as diidohydroxyquin, tecloscan or 

ethophamide can be added to prevent relapses after 

treatment with metronidazole, even in the absence of 

symptoms of enteric amebiasis. 

Needle aspiration is not usually required for the 

diagnosis or the treatment of amebic abscess. In the ra- 

re cases were serology is negative, aspiration may be 

necessary to differentiate amebic from pyogenic ab- 

scess. Pus aspirate from an amebic abscess may have 

the characteristic appearance of anchovy paste, is usual- 

ly sterile and it may rarely demonstrate the trophozoi- 

tes. By most of the reports [67, 68] needle aspiration or 

percutaneous catheter drainage of amebic abscess has 

not been proven to be necessary or to accelerate reso- 

lution of the amebic abscess compared to amebicidical 

treatment alone. Other reports observed faster clinical 

recovery and radiological resolution of the abscess 

with aspiration in addition to antiamebicides [69]. In 

our opinion, aspiration should be used in selected ca- 

ses and not routinely. Indications for percutaneous 

drainage include large symptomatic abscess at increa- 

sed risk of imminent rupture, poor response to me- 

dical treatment, contraindications to medical treat- 

ment such as pregnancy [70], and to exclude secondary 

bacterial infection. Drainage may also be used to treat 

complications of amebic abscess, while open surgery is 

reserved only for patients with secondary infections. 

38.4.7. Complications 

Most of the complications referred in the chapter of 

pyogenic abscess are valid for the amebic abscesses 

too. Intraperitoneal rupture occurs in 7-11% of the ca- 

ses and can result in either a perihepatic abscess or in 

diffuse peritonitis [71]. Direct extension of the hepatic 

abscess into the chest is not uncommon, with a repor- 

ted incidence of 4-7%. Rupture into the pleural cavity 

or into the bronchial tree is presented as empyema or 

consolidation/pulmonary abscess or with formation of 

a biliary-bronchial fistula [72]. Usually the thoracic 

complications of amebic abscesses are treated by per- 

cutaneous aspiration/drainage and drugs, without an 

operation. Rupture of an amebic abscess into the peri- 

cardium has been observed in less of 2% of all cases. 

Intraperitoneal or intarpericardial rupture of a left lobe 

amebic abscess is more likely to occur and a large 

amebic abscess in this site is an indication for a percu- 

taneous drainage, to avoid the risk of such potential 

lethal complication [73]. 

38.4.8. Outcome and Prognosis 

In general, the mortality associated with amebic liver 

abscess is less than 3% [72]. After the first episode, 

recurrence of amebic abscess is extremely rare, be- 

cause the host develops immunity [73]. This concept 

has been lately challenged, as reports show that, in 

most individuals, the natural infections with E. histoly- 

tica do not seem to result in long term immunity to 

reinfection [74]. While no patient with uncomplicated 

amebic hepatic abscess should die, complications carry 

a dismal prognosis. Pulmonary complications carry a 

6.2% mortality rate, amebic peritonitis due to intrape- 

ritoneal rupture a 18.4% mortality rate, while intrape- 

ricardial rupture of an amebic abscess is associated with 

30-100% mortality rate. General speaking, complete 

resolution is the usual outcome of the amebic abscess, 

although on imaging studies it may take months for the 

complete resolution. 

38.5. Conclusion 

Pyogenic liver abscess is a rare disease but still associa- 

ted with substantial mortality, due to the shifting pat- 

tern in the epidemiology and pathogenesis of the di- 

sease. A multi-disciplinary team approach is necessary 

for early diagnosis and effective management of the 

disease. Broad spectrum antibiotics with anaerobic 

coverage combined with percutaneous drainage is the 
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t r e a t m e n t  of  choice.  Surgery,  o p e n  or  l aparoscopic  is 

r e s e r v e d  for se l ec ted  cases. 

In e n d e m i c  areas, different ia l  d iagnosis  of  an infe- 

c ted  hyda t id  cyst f rom a p y o g e n i c  abscess is of  u tmos t  

impor t ance ,  because  of  the risk of  in t raper i tonea l  dis- 

s e m i n a t i o n  dur ing  a p e r c u t a n e o u s  puncture .  

Diagnosis  of  an ameb ic  abscess  is main ly  by de te -  

c t ion  of  s e rum ant ibodies ,  a l though h is tory  and  ima- 

ging s tudies  are highly  suggest ive.  C o m p l e t e  reso lu t ion  

wi th  med ica l  t r e a t m e n t  a lone  is the norm.  Percuta-  

neous  or  surgical d ra inage  of an ameb ic  abscess is rare-  

ly indicated.  
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39.1.  In t roduct ion  

It is estimated that benign liver tumours affect about 
20% of the general population. A great variety of be- 
nign liver tumours of different embryological origin 

can be encountered. The most common are listed in 

table 39.1. 
Despite modern diagnostic techniques many benign 

liver tumours continue to represent an often difficult 

diagnostic dilemma, mainly because of overlapping ra- 

diographic and sometimes histological features [1]. 

Hemangiomas and cystic lesions are the exceptions to 

the rule of diagnostic uncertainty since they manifest 
very specific radiographic features. More than one third 

of benign liver tumours is estimated to require surgical 
exploration because of difficulty in achieving an accu- 
rate diagnosis. It must be stressed that benign liver di- 
sease could cause diagnostic confusion with both pri- 
mary hepatocellular carcinoma or metastatic liver di- 

sease [2]. 
D i a g n o s t i c  s t ra tegy"  The diagnostic tools availa- 

ble when dealing with benign liver disease are listed in 
table 39.2. Complete history and a thorough physical 
examination accompanied by basic line blood tests, li- 
ver function tests and hepatic serology are imperative 

as well as tumour markers namely AFP, CEA and CA 

19-9. 
Ultrasound is very helpful in distinguishing between 

solid and cystic lesions but further radiographic assess- 
ment with CT is usually necessary before establishing 
diagnosis. MRI could add further information in some 
cases. Positron emission tomography (PET) does not 
seem to be of much help in the differential diagnosis 
of benign liver lesions. Scanning with tagged red blood 
cells could sometimes be helpful in otherwise undia- 

gnosed hemangiomas. 
Liver biopsy should be the final step in the process 

of establishing diagnosis. All types of closed or open 
biopsies are used as well as laparoscopic needle bio- 

psies. As stated by Crawford and recently by Gibbs et 

al., liver biopsies although extremely helpful might still 

pose diagnostic dilemmas because of overlapping cy- 

tological features between different types of benign 

liver disease [1, 2]. 
We shall further discuss some benign liver diseases 

of special diagnostic or therapeutic interest. 
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39.2. Haemangiomas 

These are the most common benign liver tumors. The 

majority of lesions arises in the left lobe and is almost 

always of the cavernous type. Hemangiomas are about 

five times more common in females and this has been 

attributed to hormonal reasons. No malignant transfor- 

mation has been documented. Fever or pain have been 

reported as the most common symptoms of liver 

hemangiomas but with lesions less than 4 cm in diame- 

ter symptomatology is almost always absent. 

CT usually reveals typical peripheral nodular en- 

hancement which when present establishes diagnosis. 

MRI helps in diagnosing small lesions of fewer than 2 

cm in diameter [1]. 

Patients who manifest symptoms or have a poten- 

tial hazard of rupture should be considered as candida- 

tes for surgery. It must be stated that spontaneous rup- 

ture is not frequently reported in literature and usually 

occurs in large lesions located laterally or in the un- 

dersurface of the liver (fig. 39.1, 39.2, 39.3) [1]. 
Segmentectomy, lobectomy or enucleation are the 

procedures of choice. Preoperative radiotherapy has 

also been recommended for the reduction of tumor 

size. 

Excellent results for laparoscopic resections of he- 

patic hemangiomas as well as other benign liver lesions 

have recently been reported [3]. 

39.3. Cystadenoma 

Is an uncommon, slow-growing tumor and is conside- 
red as a premalignant lesion [4]. Malignant transforma- 

tion to cystadenocarcinoma is not uncommon, the pa- 

thogenesis of which is unknown. A congenital origin 

from an abnormal intrahepatic bile duct or from mis- 

placed germ cells is possible 

Usually it presents as a large multiloculated cystic 

tumor [5]. The lesions are located predominantly in 

the right lobe of the liver, but a third of them are found 

in the left lobe. It occurs predominantly in female pa- 

tients between 30 and 50 years of age. It accounts for 

less than 5% of cystic neoplasm of the liver [6]. 

39.3.1. Symptoms 

They mostly include chronic abdominal pain, abdomi- 

Fig. 39.1. Spontaneously ruptured liver haemangioma of segment V 
(inferior surface). 

Fig. 39.2. Enucleation of haemangioma by the CUSA tip. 

i ~ i .... ~ i ~  

Fig. 39.3. Specimen of excised haemangioma. 
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nal discomfort and anorexia. Sepsis or cholangitis may 

occur and suggests an infected cystadenoma. Physical 

examination most often reveals tenderness in the right 

upper abdominal quadrant and, less often, an abdomi- 

nal mass. However, in patients with a small cystadeno- 

ma, the disease may be asymptomatic and clinical exa- 

mination may be normal. Liver function tests are nor- 

mal. Serological tests for hydatid disease, which must 

be performed routinely, are negative. Histologically, 

the tumor appears as multilocular cyst with a single 

layer of biliary epithelium. Percutaneous aspiration 

provides a mucinous fluid, a strong argument favou- 

ring of the diagnosis of cystadenoma. If cystadenoma 

is complicated by cystadenocarcinoma, puncture of 

the cyst could reveal malignancy. 

39.3.2. Radiologic Imaging 

Computed tomography and ultrasonography are the 

most helpful examinations but have been diagnostic or 

highly suggestive in only 60% of cases. Computed tomo- 

graphy demonstrates multilocular cystic lesions with a 

regular or thick wall, with internal septations. Ultraso- 

nography shows an anechoic mass with echogenic se- 

ptations or papillary projections or both [7]. However, 

neither study can establish the diagnosis with certainty 

because some cystadenomas are unilocular. The MRI 

findings vary depending on the protein content of the 

fluid and the presence of an intracystic soft tissue com- 

ponent. Imaging findings are similar to cystadenocarci- 

noma, although the polypoid projection with peduncu- 

lated excrescence is more common in cystadenocarci- 

noma [8]. The tumor itself is avascular with multiple 

clusters of fine vessels in the periphery. 

Endoscopic retrograde cholangiography shows dis- 

placement of the intrahepatic bile ducts by the tumor 

and no communication between the biliary tree and 

cystadenoma. 

39.3.3. Laboratory Findings 

Laboratory findings are normal for most patients, with 

the alpha-fetoprotein and carcinoembryonic antigen 

serum level reported to be normal [9]. However, re- 

cent studies have reported elevated serum levels of 

carbohydrate antigen (CA) 19-9, but their clinical sig- 

nificance remains controversial [10]. In contrast, mea- 

surement of carcinoembryonic antigen of the cystic 

fluid seems to be promising in the differential diagno- 

sis of cystadenocarcinoma [11 ]. 

39.3 .4 .  Treatment 

Patients must be treated with liver resection even if 

they are asymptomatic. Aspiration is associated with a 

failure rate of 100% and partial excision with a recur- 

rence rate of nearly 90%, while no failures in the total 

excision or liver resection occurred. Aspiration can be 

used as a temporary measure to alleviate symptoms 

while preparing the patient for a more definite proce- 

dure. If cystadenocarcinoma is suspected [12] surgical 

resection is mandatory. After surgical resection, recur- 

rence is quite common. The three year survival rate 

following treatment of cystadenocarcinoma is 55% [13]. 

39.4. Von Meyenburg Complex 

Bile duct hamartomas, also known as von Meyenburg 

complex, are relatively common benign lesions com- 

posed of a disorganized proliferation of bile ductules 

and fibrocollagenous stroma [14]. Radiologic studies 

are non specific, revealing multiple subcentimeter non- 

enhanced lesions [15]. Von Meyenburg complex is of 

no clinical importance, except that it mimicks metasta- 

sis or microabscess [16]. The recognition and identifi- 

cation of benign liver tumors is important since most 

of these tumors do not require any intervention. 

39.4.1. Radiologic Imaging 

The most common ultrasonographic pattern is that of 

multiple small hyperechogenic lesions (with or with- 

out posterior acoustic reverberation) with irregular 

margins. A less common finding is the "target" pattern 

with echogenic center and well defined limits. Further 

evaluation or treatment is not required. 

39.5. Congenital Hepatic Fibrosis 

Congenital hepatic fibrosis (CHF) is an inherited 

autosomal recessive malformation of the bile ducts that 

is sometimes referred to as Ductal Plate Malformation 

characterized by large, fibrotic portal spaces, contai- 

ning multiple bile ductules, the main consequence of 
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Fig. 39.4. In ultrasound, a finding like this is typical, showing nume- 

rable small calcifications in the liver. 

39.5.1. Anatomicopathologic Features 

This malformation is associated with markedly increa- 

sed portal spaces because of abundant scarring conne- 

ctive tissue in the portal tracts and bile ductules, more 

or less ectatic, (biliary ectasia) communicating with the 

biliary tree. It is uncommon for a person to have CHF 

without Autosomal Recessive Polycystic Kidney Disea- 

se (ARPKD). However if a person has ARPKD he also 

has some degree of CHF. The inherited defect in the 

kidneys and liver is the same. CHF has a highly varia- 

ble clinical course and there are no guidelines that pre- 

dict the prognosis. It must be emphasized that conge- 

nital hepatic fibrosis is not simply fibrosis and that bile 

ductular proliferation is an essential component of the 

lesion. Some bile ductules are so markedly dilated that 

they form microcysts; the microcysts communicate with 

the biliary tree. 

It has been suggested that bile ductular prolifera- 

tion might result from a disproportionate overgrowth 

of the biliary epithelium [18]. A Similar disorder affe- 

cting the epithelium of the large bile ducts might ac- 

count for Caroli's syndrome associated with congenital 

hepatic fibrosis. A similar mechanism might explain 

the dilatation of the renal collecting tubules and the di- 

latation of pancreatic ducts, two extrahepatic malfor- 

mations that may correlate with congenital hepatic fi- 

brosis. They have been observed to degenerate into 

adenomatous and adenocarcinomatous neoplasia and 

are considered part of the adult polycystic disease. 

Fig. 39.5. CT scan of multiple Yon Meyenburg Complexes. They are 

presented as non enhancing hepatic low density lesions. 

which is portal hypertension. The disease was descri- 

bed by Grumbach and co-workers in 1954 as fibrocy- 

stic disease of the liver [ 17]. 

39.5.2. Radiologic Imaging 

The liver may be normal or enlarged in size. It may or 
may not be echogenic or coarse in appearance. Dilated 

intrahepatic biliary ducts, decreased visualization of 

peripheral portal veins or hypoplasia of the portal vein 

may be seen, even in the neonate. As fibrosis progre- 

ses, hepatosplenomegaly (enlarged liver and spleen) 

develops along with ultrasound findings of patchy 

echogenicity. Usually bile ducts are thin and hair-like 

in shape. In CHF, it is thought that fetal maturation of 

the portal tract and bile ducts never completes, resul- 

ting in an abnormal, bizarre configuration, hence du- 

ctal plate malformation. 

39.5.3. Laboratory Findings 

Magnetic Resonance Cholangiography (MRC) is an el- 
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fective non-invasive diagnostic tool for evaluating por- 

tal hypertension and the biliary tree. Liver function tests 

usually remain normal. Even for symptomatic indivi- 

duals, synthetic liver function is generally preserved, as 

the liver usually continues to excrete, synthesise, and 

regulate hormones and chemicals normally. Fibrosis 

tends to progress with age. Liver failure is not com- 

mon, although severe liver involvement sometimes re- 
quires liver transplantation. 

39.5.4. Clinical Presentation 

The presentation and severity of symptoms varies 

greatly, from microscopic biopsy detection to severe 

clinical liver manifestations and complications. The 

disease is occasionally recognized as the first episode 

of gastrointestinal bleeding due to ruptured esophageal 

or gastric varices, which occurs usually between 5 and 

20 years of age. In few cases the disease is recognized 

from symptoms due to blood disorders. In cases with 

hypersplenism, abdominal discomfort could be dis- 

played due to an enlarged spleen or the presence of 

abdominal collateral venous circulation. The portal 

hypertension is caused by the abundant scarring of the 

connective tissue in the portal tracts. For some reason, 

these areas fill with scar tissue (fibrosis) creating blood 

flow resistance and turbulence. This slows blood flow 

resulting in a "backup pressure" within the vessels that 

feeds the portal vein. This backup pressure results in 

increased pressure in the portal vein (portal hyperten- 

sion). When the blood flow obstruction is severe, blood 

flow may reverse, or may spontaneously bypass the li- 

ver. These shunts manifest as esophageal varices, he- 

marrhoids or dilated veins on the abdominal wall. 

FNH pathogenesis is obscure. It has been attributed 

to abnormalities in portal or hepatic arterial blood 

flow. Its indicence has been reported to increase after 

blunt abdominal trauma, chemotherapy, use of oral 

contraceptives or even smoking [17]. 

CT scan, MRI or careful needle liver biopsy might 

be necessary to establish diagnosis [16]. 

Most cases of FNH need not to be treated. However 

hepatic resections should be undertaken in symptoma- 

tic lesions, lesions rapidly expanding or evidence of 

intranodular bleeding. Hepatic artery embolization could 

be of help to patients unsuitable for surgery [16-17]. 

39.7. Hepatocellular Adenoma 

Hepatic adenomas are usually solitary encapsulated le- 

sions containing bile producing hepatocytes but no bi- 

le ducts. They are more frequent in young females who 

use oral contraceptives. The use of other steroids has 

also been associated with adenoma [16]. 

Unlike FNH, adenomas have a marked tendency to 

bleeding or necrosis. Bleeding is mostly intra abdomi- 

nal although intralesional bleeding is not rare. 

Differential diagnosis of adenomas from hepatocel- 

lular carcinoma or other hypervascular lesions might 

prove very difficult. Difficulty in diagnosis and the po- 

tential risk of bleeding warrant surgical resection [17- 

18]. 

39.8. Nodular Regenerative Hyperplasia 
(NRH) 

39.6. Focal Nodular Hyperplasia (FNH) 

FNH is the second most common benign liver tumor. 

Usually an incidental finding and mostly asymptoma- 

tic, it affects premenopausal women in about 90 per 

cent of cases. Most lesions are solitary and rarely multi- 

focal. Usually they consist of a central scar surrounded 

by hepatocytes, bile ducts and malformed blood ves- 

sels. A definitive capsule is absent. They may coexist 

with hemangiomas, adenomas or hepatocellular carci- 

nomas but true malignant transformation has never 

been proved [ 16-17]. 

This lesion is usually associated with a variety of syste- 

mic disease affecting the liver. About half of the pa- 

tients are cirrhotic or have portal hypertension. 

Lesions might be solitary or diffuse. Severe coexi- 

sting disease renders surgery unnecessary if not hazar- 

dous. Laparoscopic wedge biopsy is recommended in 

order to document diagnosis [1, 19]. 

39.9. Inflammatory Pseudo-Tumour 

This rare lesion is usually associated with lymphoma, 

primary sclerosing cholangitis or inflammatory bowel 
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disease. Polynesians are more prone to the disease. 

Biopsy is usually required to establish diagnosis. Sur- 

gical intervention is not required for this spontaneou- 

sly resolved disease [2]. 

39.10. PelioSiS Hepatis 

Peliosis hepatis is a rare benign lesion that is char- 

acterized by the presence of diffuse blood-filled cystic 

spaces. It has been associated with the use of steroids, 

oral contraceptives or infection by Bartonella. Liver 

biopsy is usually necessary to confirm diagnosis. 

Treatment should be directed at the underlying disease 

[1, 20-21]. It is created as a result of sinusoidal dilata- 

tions forming large blood cysts scattered throughout 

the liver, grossly visible, measuring up to more than 1 

cm in diameter This alteration is not unique to the li- 

ver. It may affect other organs with sinusoidal circula- 

tion. It has been reported in the spleen, endocrine 

organs (parathyroids) and may even affect lymph 

nodes, bone marrow, and lungs [17]. 

The blood cysts in the liver are of two types: the 

"parenchymal" type not lined by endothelial or Kupf- 

fer cells with the wall consisting of an uninterrupted 

thin layer of reticulin fibers, and "phleboectatic" type, 

lined by endothelial cells. They appear to represent an 

exaggeration of sinusoidal dilatation. They may cause 

no symptoms but when large and numerous they may 

cause jaundice, hepatic failure and may rupture and 

cause death by hemorrhage. 

39.10.1. Causes of Peliosis 

Drugs, especially long-term steroids treatment, estro- 

gen, tamoxifen, immunoglobulin, (contraceptives, anti- 

neoplastic), metals (copper, arsenic), debilitating infe- 

ctions (tuberculosis, endocarditis AIDS), malignancy 

(hepatocellular carcinoma and adenoma) myeloproli- 

ferative disorders (myelofibrosis, polycythemia vera), 

lymphomas (Hodgkin disease), multiple myeloma, re- 

nal transplantation., and infections (tuberculosis). A 

peculiar type of peliosis is observed in patients with 

AIDS. Here, the blood cysts are surrounded by a fibro- 

myxoid stroma, which contain locules filled with bacil- 

li stainable with Warthin-Starry stain like the bacilli of 

cat scratch disease. This type is referred as "bacillary 

peliosis hepatis". The lesion is similar to "cutaneous 

bacillary angiomatosis" of the skin also seen in patients 

with AIDS. The bacteria in these lesions are sensitive 

to antibiotics, which will eradicate peliosis. 

39.1 0.2. Radiologic Imaging 

Radiologic features include cystic lesions with variable 

sizes. Sometimes, very small lesions are detected as 

noncystic or diffuse hepatic lesions [17]. 

Treatment should include withdrawal of the pos- 

sible causative agents and specific treatment such as 

antibiotics in patients with either primary or secondary 

infections. 
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NON-PARASITIC DISEASES OF THE LIVER 
AND INTRAHEPATIC BILIARY TREE 

P. Brotzakis, Th. Mitellas, Con. Ch. Karaliotas 

40.1. Introduction 

With the widespread use of sensitive imaging techni- 
ques, the frequency of non-parasitic liver cysts is in- 
creasingly reported. It is a rare clinical entity that is 
identify through the common use of computed tomo- 
graphy and ultrasonography [1-4]. Their reported pre- 

valence is estimated to be between 0.8% and 3.8% [5] 
during routine abdominal ultrasound examinations. 

They derive from a congenital malformation, inhe- 

rited or non-inherited, of the intrahepatic bile ducts. 
The large majority of hepatic cysts are lined with a 
simple epithelial layer with cuboidal cells, suggesting a 
biliary origin. According to von Meyenburg, [6] em- 
bryologic maldevelopment leads to excessive numbers 
of intralobular ducts that progressively accumulate 
fluid and eventually become cystic. 

Using simple imaging techniques such as ultrasound 
(US), they can be categorized as solitary or multiple 
and could be well differentiated from a solid hepatic 
tumor. Appropriate preoperative differentiation bet- 
ween congenital, parasitic, and neoplastic liver cysts 
by imaging techniques is crucial since treatment o- 
ptions may vary from observation in asymptomatic 

congenital liver cysts to surgical treatment in parasitic 

and neoplastic hepatic cysts. 
Surgical management is warranted, when patients 

are symptomatic or when cysts cause complications, 

such as torsion [7], hemorrhage [8], rupture [9], infe- 

ction [9], malignant degeneration [10], portal hyper- 

tension [11], or obstructive jaundice [12]. 

The treatment of choice is complete excision, enu- 
cleation, or resection when it can be performed safely. 
Partial excision can be used to alleviate symptoms in 
43% of patients with polycystic liver disease. Aspira- 

tion can be used as a temporary measure to alleviate 

symptoms while preparing the patient for a more defi- 
nite procedure. Other treatment options for minimally 
invasive therapy include laparoscopic treatment and 

alcohol sclerotherapy [ 13, 14]. 

40.2. Congenital Hepatic Cysts 

Congenital hepatic cysts are uniformly benign, may be 

single or multiple, with a prevalence of only 0.14% to 

0.3% in autopsy series. Solitary cysts are more com- 
mon than polycystic disease. The pathogenesis of con- 
genital hepatic cysts is unclear, but they most likely re- 
sult from failure of intralobular bile ducts to fuse with 
interlobular bile ducts because of dysgenesis, stenosis, 

or obstruction. An alternative theory is that they are 
caused by congenital lymphatic obstruction. 

40.2 .1 .  Assoc ia ted  Diseases  

The most commonly associated disease is polycystic 
kidney disease, encountered with polycystic liw'.r di- 
sease in 45% of patients. The second most commonly 
associated finding is gallbladder disease, that is present 

in 17% of patients with simple hepatic cysts and in 
16% of patients with cystadenoma. Gallbladder disease 

in patients with polycystic liver disease is absent. 

40.2 .2 .  Solitary Congenita l  Hepatic  Cysts 

Small cysts are usually found incidentally during radio- 

logic examination or at laparotomy. Most cases are a- 
symptomatic cysts. They are more common in females 

(about 3:1), usually occur in the right lobe, and are mo- 
re often multilocular. There is no apparent genetic trans- 
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missibility or association with renal cysts. They are 
lined with cuboidal epithelium resembling bile duct 
epithelium and are filled with fluid that can be clear, 
mucoid, bloody, or bilious. Carcinoma can occur in a 
liver cyst but is extremely uncommon. 

40.2.5. Anatomicopathologic Features 

Simple cysts are predominantly located in the right lo- 
be of the liver (83% of patients). Despite their patho- 
genesis, communication with the biliary duct is very 
rare, and simple cysts usually contain clear nonbilious 
fluid with a similar composition to plasma and are 
usually lined with cuboidal epithelium surrounded by 
basement membrane and fibrous tissue. 

40.2.4. Clinical Presentation 

Symptoms: Most hepatic cysts will not cause symptoms 
unless there is infection, haemorrhage or if they be- 
come very large. Symptomatic patients are often wo- 
men in their 40s and 50s [15] with a cyst, generally lar- 
ger than 5 cm. These conditions occur only in 10-16% 
of these patients. Thus, it is important to be strict in the 
selection of patients according to their symptoms and 
to focus on specifically cyst-related complaints [16] 

The symptoms reported are those of pressure on 
adjacent organs, vague right upper quadrant discom- 
fort or pain, with 75% experiencing a sensation of 
epigastric fullness or heaviness, and 17% early satiety, 
or nausea and vomiting or all the above symptoms. 

Phys ica l  f ind ings :  On physical examination he- 
patomegaly or a palpable mass is the predominant fin- 
ding in 42% of patients. Tenderness in the right upper 
abdominal quadrant is often found and respiratory 
symptoms may prevail if the cyst is large [17]. 
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40.2 .5 .  Complications 

Though rare, they may include intracystic hemorrhage 
[8], secondary bacterial infection, torsion [7] (if pedun- 
culated), and obstructive jaundice, [12] portal hyper- 

tension [11], from compression of extrahepatic ducts. 
In addition, malignant degeneration [10] and sponta- 
neous rupture have been occasionally reported. In the 
absence of complications, laboratory abnormalities are 
uncommon. 

40.2.6. Radiologic Imaging 

CT and MRI are the radiologic studies that produced 
the highest diagnostic accuracy, followed closely by 

ultrasonography. Arteriography is useful and is also 
highly diagnostic in contrast with the results of nuclear 

scans of the liver, which is suggestive in only 40% to 
50% of patients. 

On ultrasonography, the cyst is unilocular, thin-wal- 
led, smooth in contour, and unechoic, while on CT and 
MRI, the cyst appears homogenous with water density 
without septations. Irregularities, septations, and cal- 
cifications of the cyst wall are suggestive of an infe- 
ctious, neoplastic, or traumatic cause [1-4] (fig. 40.1, 
40.2). 

Fig. 40.1. Ultrasonography: A septated, round, unechoic area, 4-5 
cm in diameter can be seen in the liver parenchyma, with relative 
enhancement (arrows) behind it. 

Fig. 40.2. CT scan of a right lobe liver cyst. 
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In cases of intracystic hemorrhage, the signal inten- 

sity is high, with fluid-fluid level, on both T1- and T2- 

weighted images when mixed blood products are pre- 

sent [ 18]. 

In cases of an unidentified liver cyst, intraoperative 

aspiration of cystic fluid by a laparoscopic needle be- 

fore fenestration and laboratory assessment of the fluid 

yielded the correct diagnosis and avoided massive ab- 

dominal flooding with hydatid content [19]. 

40.2.7. Treatment of Asymptomatic Solitary 
Hepatic Cyst 

If there is no evidence of infection or malignancy, fol- 

low up is the only necessary measure. Neither percuta- 

neous aspiration nor surgery is indicated. Cysts nearly 

always recur after simple aspiration. If there are inter- 

nal echoes, however, the cyst should be aspirated un- 

der ultrasound or CT guidance for culture and cytolo- 
gy. If the cyst is discovered incidentally at laparotomy 

or laparoscopy, it should be aspirated (for Gram stain, 

culture, and cytology). If not infected, it should be left 

alone unless easily resectable. 

40 .2 .7 .1 .  Trea tmen t  o f  Symptomatic Cysts 

The preferred treatment of symptomatic cases is US- 

or CT-guided percutaneous cyst aspiration followed by 

sclerotherapy with alcohol (or doxycycline). In pa- 
tients suffering from chronic abdominal pain in whom 

its relation to the presence of liver cysts is questioned, 

the use of percutaneous aspiration as a pretherapeutic 

test is also recommended.J20] Percutaneous radiologi- 

cally guided aspiration of hepatic cysts can also help to 
exclude other pathological entities, such as neoplastic 

cysts and liver abscess. [21] Surgical treatment is indi- 

cated for rupture, hemorrhage, and infection of the 
cyst and also if it is difficult to exclude malignancy or if 
biliary communication is present. [22] 

A symptomatic, uninfected simple cyst is best trea- 

ted by excision. The recurrence rate is low. Total exci- 

sion includes any procedure that totally removes the 

cyst without considerable resection of surrounding he- 

patic tissue (i.e., enucleation or pericystectomy). Liver 

resection includes formal or extended lobectomy, 

segmentectomy, or wedge resection where a cuff of li- 

ver tissue around the cyst is removed. Wide deroofing 

of the cyst wall is a key factor in avoiding cyst recur- 

rence. However, it also increases the risk of bleeding 
and biliary leak from the small vascular and biliary 

structures within the fenestrated hepatic edges. Larger 

cysts may be unroofed with free peritoneal drainage 

unless there is a history of hemorrhage or evidence of 
biliary communication. If the cyst communicates with 

the biliary system (grossly or by cholangiogram), the 

leak may be oversewn or the cyst drained by Roux-en- 

Y cystojejunostomy. Infected cysts should be drained 

externally and resected later or marsupialized. Of tho- 

se patients who underwent partial excision, recurren- 

ces could be found in 38%. Recently laparoscopic fe- 

nestration and deroofing has been documented as safe 

and effective [23, 24]. The choice between open and 

laparoscopic surgery depends on the location of the 

cyst in the liver [25] (fig. 40.3). 

Fig. 40.3. a. Open laparotomy, liver cyst treatment with wide deroo- 
ring of the cyst wall. b. Large liver cyst laparoscopically evacuated 
before deroofing. 
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40 .2 .7 .2 .  Laparoscopic Technique 

The patient is placed in a left lateral reverse Trende- 

lenburg position with a nasogastric tube and Foley 

catheter in place. A 10 mm Hasson cannula is inserted 

using the open technique through a right umbilical 

incision, and pneumoperitoneum is established. The 

cannula is replaced with a 30 ° laparoscope, two 5 mm 

trocars are inserted in the right flank, and a 10 mm tro- 

car is inserted below the xyphoid under video guidan- 

ce. After the cyst is located, it is punctured using a la- 

paroscopic needle. Cystic fluid aspiration must be per- 

formed routinely during surgical exploration for cyto- 

logic examination. Most of the intracystic fluid is aspi- 

rated, avoiding intraperitoneal spillage. 

Wide deroofing of the cyst roof must be performed 

according to the fenestration technique reported by 

Linet  al [26]. Electrocautery and harmonic shears are 

quite useful for the laparoscopic technique. Cystic wall 

speciments must be sent for biopsy. Bile leaks in the 

remnant walls must be ruled out by careful inspection, 

and in all cases a drain is left in place. 

After wide deroofing, frozen pathological examina- 

tion of the cystic wall should also be performed rou- 

tinely to rule out a neoplastic cyst. Ablation of the cyst 

lining in the residual fenestrated cystic cavity can be 
achieved with argon beam coagulation to eliminate 

epithelial secreting cells and avoid cyst recurrence. 

Omentoplasty is an alternative technique but both could 

also be applied. 
The biopsy specimen should be examined thorou- 

ghly to rule out cystadenoma or cystadenocarcinoma, 

and communication with the biliary tree should be ex- 

cluded. When a communication is identified, complete 

excision is the treatment of choice. 
Aspiration with injection of sclerosants has been 

used with some clinical success but is associated with a 

high rate of recurrence and should not be performed 

in the presence of infection, hemorrhage, or biliary 

communication [12, 27, 28]. 

40.2.8. Polycystic Liver Disease 

Polycystic liver disease is a common manifestation of 

polycystic kidney disease and is associated with an au- 
tosomal dominant inheritance. In terms of severity, the 

disease has a wide range of expression. 
Hepatic involvement is usually present, but chil- 

dren with severe perinatal and neonatal forms often 

die of renal failure. If they survive; the hepatic disease 

predominates as congenital hepatic fibrosis. 
Adult polycystic disease is the most common cystic 

disease. It has autosomal dominant transmission with 

an incidence of 1:1000. In an autopsy study at UCLA 

Medical Center, adult polycystic liver disease was 

identified in 0.13% of all patients and in 93% of pa- 

tients with polycystic kidney disease. However, in pa- 

tients with polycystic liver disease, about 35% had an 

associated polycystic kidney disease [29]. Ten percent 

to 30% of patients with adult polycystic disease also 

have intracranial arterial aneurysms (fig. 40.4). 

40.2.8.1.  Anatomicopathologic Features 

Hepatic Polycystic liver disease is always bilobar but 
has demonstrated a pattern of right lobar dominance 

in 18% of patients. 
It may be microscopic or large, and the cysts gene- 

rally contain clear fluid, similar to plasma in composi- 

Fig. 40.4. Polycystic liver disease in hepatic specimen, 
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In cases of intracystic hemorrhage, the signal inten- 

sity is high, with fluid-fluid level, on both T1- and T2- 

weighted images when mixed blood products are pre- 

sent [ 18]. 

In cases of an unidentified liver cyst, intraoperative 

aspiration of cystic fluid by a laparoscopic needle be- 

fore fenestration and laboratory assessment of the fluid 

yielded the correct diagnosis and avoided massive ab- 

dominal flooding with hydatid content [19]. 

40.2.7. Treatment of Asymptomatic Solitary 
Hepatic Cyst 

If there is no evidence of infection or malignancy, fol- 

low up is the only necessary measure. Neither percuta- 

neous aspiration nor surgery is indicated. Cysts nearly 

always recur after simple aspiration. If there are inter- 

nal echoes, however, the cyst should be aspirated un- 

der ultrasound or CT guidance for culture and cytolo- 
gy. If the cyst is discovered incidentally at laparotomy 

or laparoscopy, it should be aspirated (for Gram stain, 

culture, and cytology). If not infected, it should be left 

alone unless easily resectable. 

40 .2 .7 .1 .  Trea tmen t  o f  Symptomatic Cysts 

The preferred treatment of symptomatic cases is US- 

or CT-guided percutaneous cyst aspiration followed by 

sclerotherapy with alcohol (or doxycycline). In pa- 
tients suffering from chronic abdominal pain in whom 

its relation to the presence of liver cysts is questioned, 

the use of percutaneous aspiration as a pretherapeutic 

test is also recommended.J20] Percutaneous radiologi- 

cally guided aspiration of hepatic cysts can also help to 
exclude other pathological entities, such as neoplastic 

cysts and liver abscess. [21] Surgical treatment is indi- 

cated for rupture, hemorrhage, and infection of the 
cyst and also if it is difficult to exclude malignancy or if 
biliary communication is present. [22] 

A symptomatic, uninfected simple cyst is best trea- 

ted by excision. The recurrence rate is low. Total exci- 

sion includes any procedure that totally removes the 

cyst without considerable resection of surrounding he- 

patic tissue (i.e., enucleation or pericystectomy). Liver 

resection includes formal or extended lobectomy, 

segmentectomy, or wedge resection where a cuff of li- 

ver tissue around the cyst is removed. Wide deroofing 

of the cyst wall is a key factor in avoiding cyst recur- 

rence. However, it also increases the risk of bleeding 
and biliary leak from the small vascular and biliary 

structures within the fenestrated hepatic edges. Larger 

cysts may be unroofed with free peritoneal drainage 

unless there is a history of hemorrhage or evidence of 
biliary communication. If the cyst communicates with 

the biliary system (grossly or by cholangiogram), the 

leak may be oversewn or the cyst drained by Roux-en- 

Y cystojejunostomy. Infected cysts should be drained 

externally and resected later or marsupialized. Of tho- 

se patients who underwent partial excision, recurren- 

ces could be found in 38%. Recently laparoscopic fe- 

nestration and deroofing has been documented as safe 

and effective [23, 24]. The choice between open and 

laparoscopic surgery depends on the location of the 

cyst in the liver [25] (fig. 40.3). 

Fig. 40.3. a. Open laparotomy, liver cyst treatment with wide deroo- 
ring of the cyst wall. b. Large liver cyst laparoscopically evacuated 
before deroofing. 
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Fig. 40.7. a: Polycystic liver, b: Other appearance of multiple liver 
cysts, c: Rise of right hemidiaphragm in a symptomatic patient with 
multiple liver cysts. 

plane of dissection [33, 34, 35]. Extensive and unrese- 
ctable disease has recently been treated with liver or- 
thotopic transplantation and can be of benefit in care- 
fully selected patients especially on those with hepato- 

megaly and portal hypertension. Patients with associa- 

ted renal failure may benefit from simultaneous kidney 

transplantation. Aspiration can be performed for tem- 

porary relief but is regarded as a poor treatment me- 

thod because of a 100% rate of recurrence. The instil- 

lation of ethanol or Pantopaque in the cysts of polycy- 

stic liver disease, after aspiration, has been performed 

by other authors [35, 36], but longer follow-up study is 
needed in order to evaluate the procedure. 

It is accepted that polycystic liver disease is a be- 

nign process in which the prognosis is determined by 

the extent of the kidney disease. However, in a series 

[37] of more than 100 patients with polycystic liver 

disease followed up for 28 years, polycystic kidney 

disease resulted in little morbidity, causing only 4 

deaths. Hepatic failure directly attributable to cyst for- 

mation or compression has not been reported. This 

finding may be explained by the fact that the com- 

pressed liver parenchyma is histologically and mor- 

phologically normal. In fact, liver parenchyma as stu- 

died by computed tomography and plastic agar models 

is preserved in polycystic liver disease despite massive 

cystic involvement [38]. 

40.3. Acquired Hepatic Cysts 

40.3 .1 .  T r a u m a t i c  H e p a t i c  Cysts 

They are false cysts (having no true epithelial lining) 
that result from a resolved subcapsular or intraparenchy- 
mal hematoma. The patient has a history of trauma. 

These cysts lack a capsule, and have a fibrotic wall that 

contains hemosiderin, but otherwise they are similar 

to solitary congenital cysts and should be treated in a 

conservative fashion. 

40 .3 .2 .  N e o p l a s t i c  Cysts 

These cysts of the liver can be primary biliary cysta- 

denomas or cystadenocarcinomas but more commonly 

are metastases from primary tumors, such as pancrea- 

tic or ovarian carcinomas. Alternatively, they may re- 

present cystic degeneration of a solid primary or meta- 

stasis. Such malignancies taking a cystic form are un- 

common but need to be taken into consideration when 

dealing with cystic hepatic disease. Confusion between 

a congenital and a neoplastic liver cyst could lead to 
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inappropriate treatment, exposing the patient to tumor 

recurrence, as recently reported [38]. Cystic neoplasms 

demonstrate typical features on imaging techniques, 

including the presence of thick irregular cyst walls, he- 

terogeneous intracystic fluid and hypervascular inter- 

nal septations [39-42]. 
However, in cases where the liver cysts are compli- 

cated by hemorrhage or superinfection, it can be diffi- 

cult to differentiate between benign congenital liver 

cysts and cystic neoplasms on radiological examina- 

tions [43-45]. If during surgical exploration any unu- 

sual cystic fluid or cystic wall irregularity is encounte- 

red, then multiple frozen section biopsies should be 

taken in order to exclude a cystic neoplasm [45-47]. 

40 .3 .2 .1 .  Cystadenoma 

It is an uncommon, slow-growing tumor and is consi- 

dered as a premalignant lesion. Malignant transforma- 

tion to cystadenocarcinoma is not uncommon, the pa- 

thogenesis of which is unknown. (Details see later in 

the same chapter: Benign Liver Tumors). 

40.4. Von Meyenburg Complex 

It is hamartoma of bile duct (see in chapter 39 more 
details). 

40.5. Congenital Hepatic Fibrosis 

Congenital hepatic fibrosis (CHF) is an inherited auto- 
somal recessive malformation of the bile ducts that is 
sometimes referred to as Ductal Plate Malformation 

characterized by large, fibrotic portal spaces, contai- 
ning multiple bile ductules, the main consequence of 

which is portal hypertension. The disease was descri- 
bed by Grumbach and co-workers in 1954 as fibrocy- 
stic disease of the liver [48]. 

40.5.1. Anatomicopathologic Features 

This malformation is associated with markedly increa- 

sed portal spaces because of abundant scarring conne- 

ctive tissue in the portal tracts and bile ductules, more 

or less ectatic, (biliary ectasia) communicating with the 

biliary tree. It is uncommon for a person to have CHF 

without Autosomal Recessive Polycystic Kidney Disea- 

se (ARPKD). However if a person has ARPKD he also 

has some degree of CHF. The inherited defect in the 

kidneys and liver is the same. CHF has a highly varia- 
ble clinical course and there are no guidelines that pre- 
dict the prognosis. It must be emphasized that conge- 
nital hepatic fibrosis is not simply fibrosis and that bile 
ductular proliferation is an essential component of the 
lesion. Some bile ductules are so markedly dilated that 

they form microcysts; the microcysts communicate 
with the biliary tree. 

It has been suggested that bile ductular prolifera- 

tion might result from a disproportionate overgrowth 
of the biliary epithelium [49]. A similar disorder affe- 

cting the epithelium of the large bile ducts might ac- 
count for Caroli's syndrome associated with congenital 
hepatic fibrosis. A similar mechanism might explain 
the dilatation of the renal collecting tubules and the di- 
latation of pancreatic ducts, two extrahepatic malfor- 
mations that may correlate with congenital hepatic 
fibrosis. They have been observed to degenerate into 
adenomatous and adenocarcinomatous neoplasia and 

are considered part of the adult polycystic disease. 

40.5.2. Radiologic Imaging 

The liver may be normal or enlarged in size. It may or 
may not be echogenic or coarse in appearance. Dilated 
intrahepatic biliary ducts, decreased visualization of 
peripheral portal veins or hypoplasia of the portal vein 
may be seen, even in the neonate. As fibrosis progres- 
ses, hepatosplenomegaly (enlarged liver and spleen) 

develops along with ultrasound findings of patchy 
echogenicity. Usually bile ducts are thin and hairlike in 
shape. In CHF, it is thought that fetal maturation of the 
portal tract and bile ducts never completes, resulting in 
an abnormal, bizarre configuration, hence ductal plate 
malformation. 

Laboratory findings: Magnetic Resonance Cholan- 
giography (MRC) is an effective non-invasive diagno- 
stic tool for evaluating portal hypertension and the bi- 

liary tree. Liver function tests usually remain normal. 

Even for symptomatic individuals, synthetic liver fun- 

ction is generally preserved, as the liver usually conti- 

nues to excrete, synthesise, and regulate hormones and 

chemicals normally. Fibrosis tends to progress with 

age. Liver failure is not common, although severe liver 

involvement sometimes requires liver transplantation. 
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40.5.3. Clinical Presentation 

Symptoms: The presentation and severity of sym- 
ptoms varies greatly, from microscopic biopsy dete- 
ction to severe clinical liver manifestations and com- 

plications. The disease is occasionally recognized as 

the first episode of gastrointestinal bleeding due to 

ruptured esophageal or gastric varices, which occurs 

usually between 5 and 20 years of age. In few cases the 

disease is recognized from symptoms due to blood di- 

sorders. In cases with hypersplenism, abdominal di- 

scomfort could be displayed due to an enlarged spleen 

or the presence of abdominal collateral venous circula- 
tion.The portal hypertension is caused by the abundant 

scarring of the connective tissue in the portal tracts. 

For some reason, these areas fill with scar tissue (fibro- 

sis) creating blood flow resistance and turbulence. This 

slows blood flow resulting in a "backup pressure" 

within the vessels that feeds the portal vein. This back- 

up pressure results in increased pressure in the portal 

vein (portal hypertension). When the blood flow ob- 

struction is severe, blood flow may reverse, or may 

spontaneously bypass the liver. These shunts manifest 

as esophageal varices, hemorrhoids or dilated veins on 
the abdominal wall. 

40.6. Caroli's Disease 

Caroli disease is a rare, autosomal-recessive develop- 
mental disorder characterized by non-obstructive sac- 
cular of multifocal dilatation of intrahepatic bile ducts, 

multiple intrahepatic calculi and is associated with in- 

fantile and adult polycystic kidney disease and cystic 
renal dysplasia [49]. Caroli's disease may also be asso- 
ciated with choledochal cysts or medullary sponge 
kidney. Cholangiocarcinoma may be a complication. 

Cirrhosis of the liver mimics this condition and can be 

differentiated by biopsy. Caroli's disease is sometimes 

included in the classification of choledochal cyst, which 

is not appropriate since choledochal cysts occur in ex- 

trahepatic bile ducts and there is no renal involvement. 

While this condition generally involves the entire liver, 

it may be segmental or lobar. 

40.6.1. Anatomicopathologic Features 

Two forms of the disease have been described. The ra- 

re, so called pure form described by Jacqui Caroli is 

characterized by segmental saccular communicating 

intrahepatic bile duct dilatation, frequently accompa- 

nied by stone formation, recurrent cholangitis and he- 

patic abscess. The liver involvement can be diffuse, lo- 

bar or segmental. It usually presents in childhood and 

about 75% of affected patients are male. Areas of seve- 

re epithelial dysplasia or carcinoma in situ are rarely 

seen. Cholangiocarcinoma can develop in 7% of pa- 

tients. Caroli's syndrome is another form that is more 

common and is associated with congenital hepatic 

fibrosis [51-52]. The dilatation of intrahepatic biliary 

ducts in usually less prominent. Both conditions result 

from malformation of the embryonic ductal plate at 

different levels of the biliary tree [52]. Macroscopical- 

ly, the intrahepatic cystic dilatations are round or lan- 

ceolate, 1.0-4.5 cm in diameter, and may be separated 

by stretches of essentially normal duct. Inspissated bile 

or soft and friable bilirubin calculi may be detected in 

the lumen. The lumen contains admixtures of inspissa- 

ted mucin and bile, calcareous material, or frank pus 

during bouts of acute cholangitis. Caroli's disease can 

be associated with congenital hepatic fibrosis and, ra- 

rely with infantile polycystic disease and even adult 
polycystic disease. 

The multifocal dilatation may be diffuse, affecting 

the whole intrahepatic biliary tree (although it may be 

more marked in a part of the liver), or it may be con- 

fined to a part of the liver, often the left lobe or a seg- 

ment of the left lobe. The pathogenesis of Caroli's di- 

sease seems to involve total or partial arrest of remo- 

delling of the ductal plate of the larger intrahepatic bile 

ducts. In Caroli's "syndrome" (Caroli's disease with con- 

genital hepatic fibrosis), the hereditary factor causing 

the arrest of remodelling seems to exert its influence, 

not only during the early period of bile duct embryo- 

genesis but also later on during development of the 

more peripheral biliary ramifications (the interlobular 

bile ducts). 

40.6.2. Clinical Symptoms 

Include recurrent attacks of fever, right upper quadrant 

pain, and rarely jaundice. Jaundice occurs only when a 

stone blocks the common bile duct. Leucocytosis is 

observed typically when acute cholangitis develops. 

The main and often the only symptom of bacterial cho- 
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langitis due to Caroli's syndrome is fever without ab- 
dominal pain and jaundice. 

Liver function tests are generally normal except du- 

ring episodes of obstructive jaundice. Caroli's syndro- 

me remains asymptomatic for the first 5 to 20 years of 

the patient's life and, in some cases, for life. In asym- 

ptomatic patients Caroli's syndrome remains unreco- 

gnized, and could only be revealed incidentally on an 

imaging investigation of the liver. 

40.6.3. Radiologic Imaging 

The diagnosis is established by cholangiography, ERCP, 
ultrasonography and CT scan. US is the best initial ima- 

ging study because it reveals the irregular dilatation of 
the large intrahepatic ducts. The dilated sacculi or cy- 

stic spaces appear as anechoic areas on ultrasound, and 

are hypodense on CT. On enhanced CT and MRI, the 

presence of tiny dots with strong enhancement within 

dilated intrahepatic ducts ("central dot" sign), refle- 
cting intraluminal portal vein radicles, is a very sugge- 
stive finding of Caroli disease [53]. The fibrovascular 
bundles containing portal vein radicals and a branch of 
the hepatic artery bridging the sacculae appears as a 
central dot or a linear structure on CT, enhancing with 

contrast. This "central dot sign" described on CT [54] 

can be easily seen in ultrasound. Awareness of this fin- 

ding can result in proper diagnosis and can avoid inva- 

sive tests for confirmation. The dilated cysts communi- 

cate with bile ducts. On color flow Doppler imaging, 

flow can be demonstrated within the linear strands 

[55]. Cholangiography shows diverticulum-like sacculi 
of intrahepatic bile ducts of varying sizes, shapes and 
distribution [56]. Calculi are common. The common 
bile duct is normal. Hepatic scintigraphy with Tc 99 m 
diethyl IDA shows the typical "beaded" appearance of 
dilated intrahepatic bile ducts. In Caroli's syndrome 
both CT and ultrasound show focal mild dilatation of 
intrahepatic bile ducts (2-3 mm). The liver shows chan- 
ges of portal hypertension (shrunken liver, splenome- 

galy, splenic and esophageal varices and ascitis). Cho- 

langiography shows typical findings of focal segmental 

dilatation. The MRCP findings in Caroli's disease are 

similar to those of ERCP [57]. 

40 .6 .4 .  Complications 

In Caroli's disease they resemble those of Choledochal 
cyst and include recurrent cholangitis, abscess forma- 

tion, septicaemia or pyaemia, intrahepatic lithiasis and 

amyloidosis. Cholangiocarcinomas, the commonest 

malignancy in patients with Caroli's disease, was pre- 

viously reported in 7% to 14% of patients. Hepatocel- 

lular carcinoma occurs rarely. Despite the high inci- 

dence of malignancy in these patients there are curren- 
tly no reliable methods for early detection of cholan- 

giocarcinoma. 

40.6.5. Surgical Treatment 

Surgical treatment may be necessary for recurrent or 
refractory cholangitis and involves internal or external 

drainage procedures. Transhepatic decompression has 

been advocated. Segmental or lobar forms of Caroli's 

disease can be treated by partial hepatectomy and ex- 
cellent results can be expected. Extracorporeal shock 
wave lithotripsy has been utilized for disintegration of 
intrahepatic bile duct stones. In the diffuse form with- 
out predominance of the cysts in any part of the liver, 
complicated by severe recurrent bacterial cholangitis, 

liver transplantation should be considered [58]. Admi- 

nistration of ursodiol is efficient in the prevention of 

lithiasis and in the treatment of intrahepatic stones 

[59]. Episodes of bacterial cholangitis are treated with 

antibiotics. Periodic administration of antibiotics to 

prevent recurrent bacterial cholangitis is efficacious in 

some patients. (Fig. 40.8, 40.9, 40.10, 40.11). 

40.7. Peliosis Hepatica 

Peliosis hepatis is a rare benign lesion that is characte- 

rized by the presence of diffuse blood-filled cystic spa- 
ces (see in chapter 39 more details). 
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Fig. 40.8. Local Caroli's disease in left liver lobe (arrowheads). CBD li- 
thiasis (arrow). 

Fig. 40.9. Local Caroli's disease. Liver specimens after left hepate- 
ctomy. 

Fig. 40.10. Caroli disease. Liver parenchyma with fibrosis, inflanma- 
tion and bile ductules dilatations. 

Fig. 40.11. Caroli's disease. Part of a bile ductule with cystic dila- 
tation, intense acute parietal inflammation. 
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LIVER TRANSPLANTATION 

41 a. Liver Transplantation 

C.E. Broelsch 

41 a.1. Introduction 

Over the last three decades liver transplantation has 

become an established therapy for patients suffering 

from end-stage liver disease. In 1955, Welch reported 

the first attempt at experimental heterotopic grafting 

of a liver in a dog [1]. The first known experimental 

orthotopic liver transplantation (OLT) was reported by 

Cannon in 1956 at the University of California [2]. In 

1963, Starzl performed a human-to-human OLT in a 3 

year old child with congenital biliary atresia who died 

intraoperatively [3]. The following 2 transplant recipients 

lived for 22 days and 1 week, respectively [3]. In 1967, 

Starzl succesfully transplanted several patients [4]. 

The evolution of liver transplantation was paralle- 

led by several major advances in the early 1980s such 

as the improvement of immunosuppressant regimens 

[5], organ preservation [6], surgical techniques [7] as 

well as improvement of post-operative management 

with reduction of infectious complications and preven- 

tion of disease recurrence. 

Before the introduction of cyclosporin A (CSA) in 
the early 1980s, 5-year survival after OLT was about 

20% [8]. The advent of CSA resulted in a dramatic re- 

duction in the incidence of acute rejection, thus lea- 

ding to widespread use throughout the 1980s, and 1990s. 

During the 1990s, tacrolimus (TAC) emerged as the 
mainstay immunosuppressive agent, with or without 

corticosteroides, in many transplant centers in the Uni- 

ted States. New concepts in immunosuppressive thera- 

py and improvement in patient management, operati- 

ve techniques, and organ preservation have achieved 1 

year and 5 year survival rates of 80% to 90% and 60% 

to 80%, respectively [9]. 

Today most common transplant indications are end- 

stage liver diseases with cirrhosis caused by viral hepa- 

titis and alcoholic disease. Other common indications 

are metabolic or genetic disorders of the liver as well 

as acute liver failure. Also in selected cases of liver ma- 

lignancies, liver transplantation is the therapy of choi- 

ce in a continually increasing list of indications [10- 

11]. Approximately 50-70 out of 100.000 inhabitants 

are in need of liver transplantation. 

The limited pool of cadaver donor organs promp- 

ted in the development of split-liver (SLT) techniques 

and living-donor liver transplantation (LDLT) as inno- 

vative techniques in adult liver transplantation [12-13]. 

Long-term patient and graft survival rates for these ad- 

vanced techniques are comparable to those for whole 

organ transplantation procedures [14]. While split liver 

grafts are technically demanding, the use of living- 

donor-liver grafts incurs additional ethical problems. 

The benefits of living donation include decreased rates 

of graft dysfunction (lack of trauma and ischemia to 

the graft before retrieval), the ability to schedule an 

elective operation and the reduction of mortality and 

morbidity while waiting for a suitable graft. The main 

consideration is the potential risk for the donor and 

the difficulty of eliminating coercion in this life-saving 

situation. Thus, stringent medical and psychological 

criteria must form the basis of the selection criteria. 
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41b. Indications for Liver 
Transplantation 

S. Beckebaum, H. Lang, A. Frilling, G. Gerken 

4 1 b .  1. G e n e r a l  C o n s i d e r a t i o n s  

Candidates for OLT must have irreversible acute or 
chronic end stage liver disease (table 41b.1). Virus or 
alcohol-induced liver cirrhosis constitute the most 
common disease indications in adults [1] (fig. 41b.1). 
In our department 28% of cirrhotic liver transplant re- 
cipients are transplanted for hepatitis C virus (HCV)- 

related liver disease and 26% undergo OLT for alco- 

hol-related liver disease. Other indications include cho- 
lestatic liver disorders [primary biliary cirrhosis (PBC), 
primary sclerosing cholangitis (PSC), biliary atresia], 
hepatitis B virus (HBV) infection, autoimmune hepati- 

Others 
Virus-related 

Primary Biliary 1~; 
12% 41% 

Unknown causes 

Secondary Biliary I 

Autoimmune 4% 

; • 

Alcoholic 32% 

Fig. 41b.1. Indications for liver transplantation in cirrhotic patients 
(n = 31169) in Europe, during the period January 1988 to December 
2004 (data kindly provided by European Liver Transplant Registry; 
http://www.eltr.org). 

tis, cystic fibrosis, inherited metabolic diseases (Wilson's 
disease, hemochromatosis, alpha-l-antitrypsin defi- 
ciency), nonalcoholic steatohepatitis, nonmetastatic 
hepatocellular carcinoma, and acute virally-, toxin-, or 
drug-induced hepatic failure. The most common indi- 

cations in children comprise biliary atresia and meta- 

bolic liver diseases. 
Many attempts have been made to optimize the ti- 

ming of liver transplantation for advanced chronic 
cholestatic liver diseases. A number of investigators 
have developed prognostic indices using clinical and 
laboratory parameters for prediction of survival in pa- 
tients with PBC and PSC. The most popular model, the 
Mayo model, considers prognostic variables such as 

serum levels of bilirubin and albumin, age, prothrom- 

bin time, and the presence of peripheral edema inclu- 
ding response to diuretic therapy. Apart from the pro- 
gnostic model, the level of serum bilirubin is the most 
heavily weighted variable for prediction of survival. In 
patients with PSC, interventional endoscopic therapy 
may produce clinical and biochemical improvement 
and may prolong transplant-free survival. 

Contraindications for OLT include active alcohol 
and drug abuse, extrahepatic malignancies, sepsis, un- 

controlled pulmonary hypertension, and coexistent me- 
dical disorders such as unstable coronary artery disea- 
se, congestive heart failure, or severe lung disease. 

OLT in patients with cholangiocellular carcinoma 
(CCC) reveals a high rate of recurrence and poor post- 
transplant survival. Concurrent illnesses that previously 
precluded consideration for OLT such as infection with 
human immunodeficiency virus (HIV), have been shown 
to be acceptable in selected cases with the introdu- 
ction of potent antiretroviral therapy. 

The patient status based on the Child-Pugh score 
(table 41b.2) and the length of time on the waiting list 
is still being considered in Europe. In 2002, the Organ 
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Procurement and Transplantation Network (OPTN), 

along with the United Network of Organ Sharing 

(UNOS), developed a new system based on the model 

for end-stage liver disease (MELD, table 41b.3). The 

MELD score will soon be applied to transplant candi- 

dates in the Eurotransplant International Foundation 

organ procurement system. 

A candidate is not considered for liver transplanta- 
tion if his life expectancy is deemed greater without a 

transplant. Merion et al. reported that the adjusted re- 
lative mortality risk is significantly higher in transplan- 

ted patients than in those waiting for OLT with a 

MELD score of less than 152. Patients with MELD sco- 

res of 18 or higher derive significant survival benefit. 

Candidates with very high MELD scores have an extre- 

mely high waiting-list mortality whereas the post-trans- 

plant mortality risk seems to rise more gradually [2]. 

Those patients, whose calculated score is higher than 
40 are aggregated with those whose MELD score is 

equal to 40. 
The likelihood of relapse in patients transplanted 

for alcoholic liver disease is a major issue. It is our po- 

licy that patients with alcoholic liver disease must be 
abstinent for at least 6 months before liver transplanta- 
tion. The Department of Psychosomatic Medicine and 

Psychotherapy at our university hospital established a 
group psychotherapy program with the aim of establi- 

shing alcohol abstinence and compliance of health be- 

havior. Therapy consists of a 6-month program inclu- 

ding 18 hours of group sessions. The alcohol concen- 

tration in the breath and alcohol metabolites in the 

urine is measured at every group session. Preliminary 

results presented by Erim et al (the 7th Annual Meeting 

of the European Association for Consultation Liaison 

Psychiatry and Psychosomatics and the 25th European 

Conference of Psychosomatic Research) suggest that 

structured cognitive-behavioral group therapy has a 
beneficial effect on the health behavior of these patients. 

41b.2.  Acute Liver Failure 

The indication for liver transplantation in patients with 

acute liver failure must consider its etiology (table 

41b.4). In principle, every chance should be given to 
allow recovery of liver function without liver trans- 
plantation, since acute liver failure frequently resolves 

with restitutio ad integrum, so avoiding a lifelong im- 

mune-suppression. If transplantation is deemed neces- 

sary, it must be performed without delay before pro- 

gnosis worsens, hence patients with acute liver failure 

should be promptly transferred to a transplantation 

center. 

The prognosis of acute liver failure is closely linked 

to the development of brain edema and a degree of 

encephalopathy. Therefore, the monitoring of intracra- 

nial pressure is of special significance. Beyond that, the 

general condition of the patient has a substantial in- 
fluence on the success of a liver transplantation. Grade- 

IV encephalopathy, bleeding, as well as severe jaundi- 

ce are considered particularly unfavourable. The great 

risk of septic complications following transplantation 

also accounts for high mortality. Furthermore, the du- 

ration of stay in the intensive care unit, intubation and 

the extent to which participation other organ systems 

are implicated (kidney failure, haemodynamic instabi- 

lity, ARDS etc.) are also of prognostic significance. 

The necessity for a liver transplantation can be 
measured more closely by prognostic scores. The most 
important and most frequently used prognostic score 
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in clinical practice is the "King's college criteria" (table 

41b.5). This includes indices for liver transplantation, 
differentiating between acute liver failure due to para- 

cetamol intoxication or due to other causes. A further 
score use to evaluate the necessity for transplantation 
in fulminant liver failure of viral genesis is "the Clichy 
criteria" (table 41b.6). This focuses on the age of the 
patient, the concentration of the coagulating factor V 
and the development of encephalopathy. 

In patients with a transplant-worthy yet potentially 

reversible acute liver failure, the possibility of an auxi- 

liary transplantation can be considered, in order to a- 

void lifelong immunosuppressive therapy. Favorable 

indications for an auxiliary transplantation may include 

fulminant hepatitis A, paracetamol intoxication as well 

as pregnancy fat liver. Auxiliary liver transplantation 

can be further discussed in fulminant hepatitis B (also 
with HDV co-infection) and halothane-induced acute 
liver failure. It should also be mentioned that particu- 
larly crucial to the consideration of auxiliary transplan- 

tation is the extent of liver cell necrosis and moreso 

the potential regeneration ability. However, since the- 

re are notable predictors for the latter, the practice of 

auxiliary liver transplantation nowadays has been vir- 

tually abandoned. 
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41C. Patient Evaluation 

V. Cicinnati, G. Gerken 

Evaluation of a potential transplant candidate is a com- 

plex and time consuming process that requires a multi- 

disciplinary approach. This process must identify ex- 

trahepatic diseases that may exclude the patient from 

transplantation or require treatment before surgical 

intervention. The protocol for evaluation of our poten- 

tial transplant candidates as well as the potential con- 

traindications to liver trans~lantation is demonstrated 

in tables 4 lc. 1 and 4 lc.2. 

,, AbsOlUte cont~indicatians :.i :iiii::: 
....... e se~isll ii:::: ma!ignant: i::::: 

..... a l c o h o l  r:dmg cons : :~mpt ion ,  ii ~::I:I::: i ::::i:: : i ii:ii:::::: ii: :ii ::::: i:: : 

.... : 0 : :  

....... 

. . . .  

f ~ U I  ! l t J l l ¢ : l l  . . . . . . . . . . . . .  . . . . . . . .  

...................... ,, ......... , ,, ........... ,,: ........... 

4 ld.  Pre-Transplantation 
Management Issues 

S. Beckebaum, V. Cicinnati, A. Frilling 

For patients with esophageal varices, non-selective be- 

ta-blockade remains the treatment of choice for pro- 

phylaxis of bleeding. In cases of recurrent variceal he- 

morrhage despite prior interventional endoscopic the- 

rapy or refractory ascites, transjugular intrahepatic por- 

tosystemic shunts (TIPS) have been used as an appro- 

ach to lower portal pressure and as a bridging therapy 
for transplant candidates. The identification of predi- 

sposing factors and the application of lactulose and no- 

nabsorbed antibiotics remain essential for prophylaxis 

and management of hepatic encephalopathy (HE). He- 

patorenal syndrome (HRS) in end-stage liver disease 

patients is not infrequent. The probability of HRS oc- 

currence among non-azotemic cirrhotic patients with 

ascites at 1, 2 and 5 years has been reported to be 18%, 

32%, and 39-41%, respectively [1, 2]. Although its pa- 
thogenesis is complex, HRS has long been recognized 

as being reversible in cases of well-functioning OLT. 

However, depending on the duration and severity of 

HRS, the reversibility of HRS following liver transplan- 

tation is often delayed and incomplete. Special atten- 

tion regarding specific, disease-related therapy prior to 

surgery should be given to transplant candidates un- 

dergoing OLT for HCC or virally-related liver diseases, 

especially hepatitis B. 

41d .1 .  Wai t ing-L is t  Mon i to r ing  of  Hepat i t is  B 

Liver Transplant  Candidates  

Until about a decade ago, HBV infection was conside- 

red a contraindication to OLT, due to recurrent viral 

hepatitis that may lead to graft failure and the need for 

re-transplantation. The 3 year survival rate for replica- 

tive HBV patients without adequate antiviral treatment 

after OLT was only about 60% as opposed to survival 

rates of over 80% for patients with non-HBV-related li- 

ver diseases [3]. Efficient antiviral therapy is required for 
viremic patients awaiting OLT for HBV-related liver 

damage. The ultimate goal of treatment is suppression 

of viral replication to undetectable HBV-DNA titers 
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prior to OLT. Besides serial monitoring of serum HBV 

DNA, HBV sequence analysis, especially of the poly- 

merase and the "a" epitope of the surface antigen, may 

be a requisite diagnostic tool in order to provide opti- 

mal therapeutic management for inhibition of viral re- 

plication before OLT. Interferon (IFN)-alpha is con- 

traindicated for patients with decompensated liver di- 

seases. Lamivudine (LAM) or adefovir (ADV) may be 

used as first-line therapy in replicative pre-transplant 

patients. Pre-transplant nucleoside analogue treatment 

can also be administered in advanced stages of liver 

cirrhosis and often leads to recompensation of liver di- 

sease and prolongation of pre-transplant survival. Treat- 

ment with ADV may lead to impairment of renal fun- 

ction. The dosage of the ADV interval should be adju- 

sted for patients with creatinine clearance of less than 

50 mL/min [4]. 

41d.2. Waiting-List Monitoring and Treatment 
of Hepatitis C Liver Transplant Candidates 

Only a few studies have looked at the tolerability and 

efficacy of antiviral therapy in HCV patients before 

OLT [5-6]. Although pre-transplantation IFN-alpha 

therapy reduced HCV titers in some patients, adverse 

events associated with therapy were frequent [5]. The- 

se side-effects and the need for dose reduction or 

withdrawal often prevent efficient eradication of the 

virus in HCV patients awaiting liver transplantation. 

Furthermore, it has been shown that therapy is less 

effective in patients with advanced liver disease (Child 

Pugh B or C classification). In addition, animal studies 

and human trials of hepatitis C immunoglobulin for the 

prevention of post-OLT HCV have been disappointing 

in terms of HCV recurrence in the allograft [7-9]. 

41d.2.1. Adjunctive Treatment and Staging 
of Hepatocellular Carcinoma Transplant 
Candidates 

Although OLT has been recognized as the most effecti- 

ve means of treating HCC patients who meet the Milan 

criteria (one tumor < 5 cm in diameter or up to three 

tumors each < 3 cm), success has been limited by long 

waiting times for transplantation, with disease progres- 

sion or death while on the waiting list. Therefore both 

the OPTN and the UNOS established special rules for 

graft allocation to HCC transplant candidates [10]. Ad- 

ditional MELD points were awarded to HCC transplant 

candidates according to tumor size and number of tu- 

mors. This provided significant advantages for HCC 

candidates, because additional MELD scores were con- 

sidered for both stage I and stage II lesions. As a result, 

23% of the patients on the waiting list for OLT during 

2002, were listed for HCC. These results prompted 

recent changes in organ allocation policy in 2003; the 

MELD score for patients with stage I and stage II 

lesions were lowered from 24 to 20 and from 27 to 24, 

respectively. Nine months later, all additional MELD 

scores were removed for stage I HCC. 

Waiting-list drop-out rates may be reduced by the 

application of bridging therapies, such as transarterial 

chemoembolization, radiofrequency ablation, laser the- 

rapy, percutaneous ethanol injection, cryotherapy, and 

transarterial radiotherapy for downstaging of the tu- 

mor. Pretransplant tumor diagnosis is based upon esta- 

blished imaging criteria and/or alpha-fetoprotein (AFP) 

level. Liver biopsy may be performed in selected ca- 

ses, such as in patients with tumor lesions smaller than 

3 cm and normal AFP levels where discrimination bet- 

ween regenerative nodules and malignant tumors is 

difficult [11]. It is our policy to perform routine follow- 

up examinations (MRI or CT scans and bone scinti- 

gram) of HCC transplant candidates trimonthly for 

early detection of disease progression and extrahepatic 

tumor spread. 
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42.1. Surgical Procedure Generally 

G.C. Sotiropoulos, H. Lang, C.E. Broelsch 

42.1.1. General Considerations 

Despite some innovations in the area of the liver trans- 
plantation the orthotopic transplantation of a complete 
donor liver still remains the standard therapy for both 
chronic and acute liver failure. In principle, this requi- 
res the entire removal of patient's own liver. Hepate- 
ctomy, however, can take place with or without re- 
ceipt of the retrohepatic vena cava, which influences 
the haemodynamics during the anhepatic phase. 

Hepatectomy involving preservation of the retrohe- 
patic vena cava-with  the ensuing transplantation being 
performed by employing the Piggy-back technique- 
does not necessitate the release of the retrohepatic ve- 
na cava from the retroperitoneum. Instead, the liver is 
prepared from the vena cava. This operative step is tem- 
porally more complex than hepatectomy using the stan- 
dard technique, as it requires good bleeding control as 
well as puncturing ligations of all dorsal veins leading 
from the liver into the vena cava. This preparation 
phase can additionally lead to increased bleedings from 
the liver due to very bad coagulation and end-stage li- 
ver cirrhosis. However, this pocedure clearly reduces 
risk of bleeding from retroperitoneal collaterals. 

The advantage of cava preservation is improved ha- 
emodynamics of the patient, since the blood flow from 
the lower extremities and renal veins is continuously 
maintained. For further haemodynamic stabilization, 
the performance of a temporary portocaval shunt after 
end-to-site anastomosis between vena portae and ve- 
na cava could prove beneficial. 

Hepatectomy with preservation of the retrohepatic 
vena cava is always considered necessary, if the avai- 
lable graft does not offer a suitable vena cava. This is 
usually the case in partial liver transplants (split liver 
transplantation or Living related Transplantation), whe- 
re retrohepatic vena cava can only be assigned to one 
half liver (in case of split) and donor. 

In cases of liver transplantation for malignant indi- 
cations, a lymphadenectomy should, in principle, be 
performed in the liver hilum and along the common 
hepatic artery and the coeliac trunk. In rare cases, when 
attempting a more "radical" operation, operative exten- 
sions may be necessary (e.g. hepatectomy combined 
with a Whipple operation in the case of advanced Klat- 
skin tumors or simultaneous resection of the intra-ab- 
dominal primary tumor during liver transplantation for 
neuroendocrine metastasis). 

42 .1 .2 .  Urgent Hepatectomy 

Rescue hepatectomy (e.g. due to haemodynamic insta- 
bility in the case of acute liver failure or initial trans- 
plant non-function) must always be performed with 
preservation and/or with reconstruction of the retro- 
hepatic vena cava, where the funcion of one portoca- 
val end-to-side shunt (internal shunt) is obligatory. 

42 .1 .3 .  Combined Liver and Kidney 
Transplantation 

In combined liver and kidney transplantation, liver 
transplantation takes place first and, after closure of 
the abdomen over a second (inguinal) incision, the 
kidney is implanted into the right or left Fossa iliaca. 
Should there be a lack of space (as, for example, in po- 
lycystic liver and kidney disease) a simultaneous one- 
sided nephrectomy is mandatory. Due to the long du- 
ration of the operation and the large retroperitoneal 
wound surface as well as the necessary immunsuppres- 
sion, these procedures are at risk of infectious compli- 
cations. A two-stage procedure with primary nephre- 
ctomy prior to a scheduled combined liver and kidney 
transplantation may be meaningful in individual cases 
under few special criteria. In principle, the lack of spa- 
ce is caused by the liver. A space procurement by re- 

moval of a polycystic kidney prior to planned liver 
transplantation is viable if the general state of the pa- 

tient is good. However, each additional operation prior 
to a successful transplantation relatively worsens ope- 
rational conditions. 
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42.2. Donor Operation 

G.C. Sotiropoulos, H. Lang, C.E. Broelsch 

42 .2 .1 .  Full S ize  Liver Graft 

Procurement of the cadaver liver graft is usually part of 

a multiorgan retrieval including kidneys, pancreas, heart 

and lung from heart beating but brain dead donors. 

The operation is performed in a standardized systema- 

tic way. The liver is generally removed after initial or- 
gan dissection and cold perfusion, when thoracic or- 

gans are already harvested. 

To harvest the abdominal organs, a complete midli- 

ne laparotomy from the xyphoid to the os pubis is 

performed. After careful exploration of the abdominal 

cavity for pathologies, the liver is examined for such 

macroscopic features as consistency, color and size. 

The surgical strategy involves a partial mobilization 

of the liver with division of its major ligaments and 
dissection of the hilar structures. Perfusion catheters 

are placed into the lower abdominal aorta and portal 

vein. After cross-clamping of the abdominal aorta be- 

neath the diaphragm and distal from the inserted can- 
nula, cold perfusion is initiated. Additionally, the infe- 

rior mesenteric artery is ligated and the vena cava inci- 

sed for the wash out of blood. After perfusion of the 

abdominal organs (protocol follows different specifi- 

cations of the perfusion fluid), the liver is removed 
together with an aortic patch, preserving its anatomical 

structures which often varies (fig. 42.1-42.4). Its vascu- 
lar pedicles are definitively isolated on the bench and 
prepared for anastomoses after a wash out of the bile 

duct. 
The final decision regarding the suitability of a do- 

nor liver can only be made at the end of the procedu- 

re, when laboratory results, donor history and histolo- 

gy of the liver are conclusive. 

42 .2 .2 .  Split  Liver Graft 

After laparotomy, the vascular and biliary structures 

are dissected and lobular branches are identified. Right 

and left branches of the bile duct, hepatic artery and 

portal vein are separated. The left and middle hepatic 

veins nearly always join to form a common trunk, 

which is isolated and divided from the inferior vena 
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Fig. 42.1. Operative situs prior to liver harvesting- Dissection of bile 
duct and portal vein is followed by excision of celiac trunk with a 
corresponding aortic patch. 
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Fig. 42.2. Resection of the infrahepatic caval vein above the con- 
fluence of the renal veins. 

Fig. 42.3. Liver after harvesting. 
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Fig. 42.4. Anatomical variations of the arterial supply of the liver. 

cava. Depending on the recipient size, the parenchyma 
is dissected along the main portal fissure, separating 
the right and left side. Dissection of the hilar structures 
must be very limited to prevent ischemia of the bile 
ducts. The right side graft comprises liver segments I 

and V to VIII according to Couinaud. All common stru- 

ctures remain attached to the right graft. The retrohe- 
patic vena cava is retained with the right graft, due to 

possible anatomical variations of its venous drainage. 

Vascular grafts can be interposed to increase the length 

of the vessels for anastomoses. 

42.3. Recipient Operation 

G.C. Sotiropoulos, C.E. Broelsch 

The perfect timing for the surgical explantation and 

implantation must be determined. Cold ischemic time 

has to be kept minimal. Preparation of the donor organ 

is performed on a back-table. The donor liver must be 
examined for anatomical variations, potential injuries 
and quality. 

Before laparotomy, a veno-venous bypass -if nee- 

ded-  can be administered by installation of large ve- 

nous catheters via the femoral and subclavian/axillary 
vein (fig. 42.5). It entails decompression of the inferior 

vena cava and portal circulation using Gott shunts with 

returned flow into the superior vena cava through the 

subclavian/axillary vein. This can either be performed 
by puncture using the Seldinger technique or alternati- 
vely the conventional surgical technique after femoral 
and axillary venotomy. However, the veno-venous 

bypass is not universally accepted (table 42.1). 

42 .3 .1 .  H e p a t e c t o m y  

The upper abdomen is opened through a bilateral sub- 

costal incision with a midline extension to the xyp- 
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Fig. 42.5. Veno-venous bypass. The portal vein circulation can be 
drained through a catheter placed either in the superior or the in- 
ferior mesenteric vein. 
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hoid, which allows good exploration of the abdominal 

cavity to assess the pathology. Previous surgery and se- 

vere portal hypertension can complicate the work. 
After dissection of overlying adhesions the left triangu- 

Fig. 42.6. Division of the right/left triangular and falciform liga- 
ments. 

lar and falciform ligaments are divided (fig. 42.6), fol- 

lowed by transection of the gastrohepatic ligament. 
Now the liver hilum can be reached and examined in 
detail. An organised portal vein thrombosis needs to 
be excluded and anatomic variations need to be dete- 

cted. The dissection of the liver hilum is then started 

by careful opening of the covering peritoneal tissue of 

the hepatoduodenal ligament. The dissection of the he- 
patic artery, portal vein and common bile duct takes 
place very proximal in the hilum to preserve maximal 

length for the mentioned structures, which later need 
to be anastomosed with the graft. The hepatic artery 
should be divided first. Accessory vessels, e.g. additio- 
nal left or right hepatic arteries occur often and need 
to be detected. The cystic and common bile ducts are 
then transected. While early transection of the artery, 
the portal vein is transected after complete mobilisa- 
tion of the liver, prior to hepatectomy due to possible 
congestion in the mesentericoportal system. After ske- 
letonization of the ligamentous structures including 
areolar, lymphatic and nerve tissue the mobilisation of 

the liver continues (fig. 42.7). The retrohepatic vena 
cava is prepared carefully under conditions of PEEP- 

ventilation to prevent air embolism. The liver can be 

excised from the retrohepatic vena cava leaving the 

entire vessel in place. 

If a full size orthotopic liver transplantation is plan- 

ned a small segment of the retrohepatic vena cava can 

be removed after clamping (fig. 42.8). In certain such 

cases, the use of an extracorporeal veno-venous bypass 

is helpful in maintaining an adequate cardiac output 
and in achieving portal venous decompression. 
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Fig. 42.7. Mobilisation of the right liver lobe. 
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Fig. 42.8. Complete mobilisation of the liver, clamping of supra- and 
infrahepatic caval vein, transaction lines are marked for the case of 
"convent ional" liver transplantation. 
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Fig. 42.9. Clamping of the suprahepatic caval vein. The dissection 
has to be performed as possible near to the liver surface. 

The "piggy back" technique in full size liver trans- 

plantation and split liver transplant procedures requi- 

res that the accessory hepatic venous branches of the 

retrohepatic vena cava be dissected to preserve the 

caval segment. Therefore a vessel clamp is placed lon- 

gitudinally across the posterior vena cava prior to he- 

patectomy to close the hepatic veins and maintain 

blood flow in the caval segment (fig. 42.10a-b). In such 

cases, an extracorporeal veno-venous bypass is not nee- 

ded. 

After completing the mobilization of the liver, he- 

patectomy is performed following dissection of the 

portal vein (fig. 42.9, 42.11a-b). Once the liver is re- 

moved, hemostasis can sometimes be difficult to a- 

chieve due to the development of coagulopathy in the 

anhepatic phase. Multiple techniques of hemostatic 

control like running sutures, cauterization with electro- 

cautery or argon beam cauterization as well as pharma- 

cological regiments are helpful. 

42.3.2. Transplant Procedure 

Whole liver grafts obtained from cadaver donors can 

retain the vena cava and therefore be transplanted 

using either the conventional or the "piggy back" te- 

chnique. 

The conventional technique involves the graft be- 

ing placed in the operating field and kept cold, while 

vascular venous cuffs are prepared for anastomoses. 

Usually, anastomoses are performed in the following 

order: suprahepatic vena cava, infrahepatic vena cava, 

portal vein.  After unclamping and reperfusion with 

blood, arterial anastomosis is performed followed by 
biliary anastomosis. 

42.5.2.1. V e n o u s  A n a s t o m o s e s  

The upper caval anastomosis is reconstructed first (fig. 

42.12). One suture is placed at each corner of the 

vessel to be sutured (non-absorbable material, e.g. 3-0 

Prolene). The vessel will be run around in two halves 

of its circumference starting from the two corners, on- 

ly the posterior half of which is sutured on the inside 

within the eversed vessel lumen. The suture must pre- 

vent stricture of the anastomosis and also ensure a per- 

fect seal at reperfusion to prevent hemorrhage. After 

completing the lower caval anastomosis using the 

same technique, the liver is flushed using an albumin 
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Fig. 42.10. a" "Piggyback" technique: The anastomosis can be per- 
formed between the supra-hepatic caval vein of the donor and the 
middle and left hepatic vein of the recipient. 

Fig. 42.10. b: "Piggyback" techni- 
que modification: Wide anasto- 
mosis between donor's and reci- 
pient's caval vein. 
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Fig. 42.11. a: Transection of hepatic artery, portal vein, bile duct 
and caval vein. 

Fig. 42.11. b: Operative situs after removing of the liver- prior to 
conventional technique. 

solution via the portal vein cannula to remove the pre- 

servation fluid, which could cause severe cardiac pro- 

blems due to its high content of potassium. The portal 

cannula is removed after clamping. For portal venous 

reconstruction, both the donor and recipient vessel si- 

des are trimmed to the appropriate length for anasto- 

mosis. The portal venous blood flow is usually restored 

after an end-to-end anastomosis using a similar surgi- 

cal technique (fig. 42.13). In some cases, due to patho- 

logical changes in the portal region, special surgical te- 

chniques are needed such as like declotting or inter- 

position of a vein graft with ensuing anastomosis to a 

patent confluence of the mesenteric and splenic vein. 

After provisionally unclamping the suprahepatic ca- 
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Fig. 42.12. Anastomosis of the suprahepatic caval vein. 

) 

a b 

Fig. 42.13. Anastomosis of the portal vein. 

val vein, the suture threads are tied following a com- 

plete distension of the portal anastomosis. After flu- 

shing the infrahepatic caval vein, the anastomosis is 

tied and clamps on infrahepatic caval vein and portal 

vein removed to start the reperfusion of the graft. 

42 .3 .2 .2 .  Arterial  A n a s t o m o s i s  

An optimal positioning of the arterial anastomosis and 

size match are indispensable to guarantee an optimal 

blood flow. Magnifying loops are necessary for a per- 

fect surgical technique. The arterial reconstruction is 

usually carried out as an end-to-end anastomosis (in- 

terrupted or running sutures, e.g. 6-0 or 7-0 Prolene) of 

the celiac trunk of the donor to the recipient vessel 

stump (fig. 42.14a-b). The anastomosis site depends on 

the length and caliber of the donor vessel which im- 

plies various possibilities of the hepatic artery recon- 

struction in the recipient e.g. at the proper hepatic ar- 

tery level, near or at the gastroduodenal artery branch, 
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Fig. 42.14. a: Anastomosis of the hepatic artery in different techni- 
ques. 
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Fig. 42.14. b: Reconstruction of the hepatic artery through aortic 
segment, infrarenal and supra-celiac. 

the common hepatic artery level or the proximal celiac 

axis. The openings of two branches can be interconne- 

cted to a resulting branch patch. Anastomosis can also 

be performed with a Carrel patch of the donor artery 

to the abdominal aorta of the recipient. After removing 

the vessel clamps, the liver is rearterialized. 

Similar techniques are used in split liver and living 

donor liver transplantation where reconstruction with- 

out a sufficient arterial patch can sometimes be techni- 

cally more demanding. 
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42 .5 .2 .5 .  Biliary Anastomosis  

Perfect hemostasis must be achieved before commer- 

cing biliary reconstruction, the final step in liver trans- 

plantation. Usually a physiologic choledochocholedo- 
chostomy end-to-end (duct-to-duct) anastomosis is pre- 
ferred, providing the recipient duct is free of disease 
and of suitable size diameter. It is performed with in- 

terrupted or running absorbable sutures e.g. 6-0 PDS. 

Donor and recipient bile ducts are adjusted to the ap- 

propriate length while the recipient duct is trimmed 

back as much as is feasible to maintain maximum blood 

supply. The additional use of a T-tube stent is not uni- 

versal but may help in the early postoperative course 

to decompress the anastomosis and examine the bile 

fluid. Intraoperatively the T-tube can be used to check 
the anastomosis for leaks (e.g. T-tube cholangiogram). 

The end-to-end anastomosis is technically easy to 

achieve and allows later interventional diagnostic and 

therapeutic access to the biliary tract. In recipients 

with bile duct disease or previous bile duct surgery an 

end-to-side choledochojejunostomy is performed (fig. 

42.15). The reconstruction is accomplished with a 40 

cm long Roux-en-Y limb of the proximal jejunum. 

42 .5 .2 .4 .  Special Considerations in Partial 
Liver Grafts 

In partial liver grafts of the cadaver right hemi-liver 

obtained by split liver technique (fig. 42.16) retaining 

the vena cava, transplantation using the conventional 
or "piggy back" technique is feasible (fig. 42.17). In 

grafts of the left liver obtained by split liver technique 
(living and cadaver donor) or the right hemi-liver of a 
living donor, the lack of the retrohepatic segment of 
the vena cava renders necessary the practice of "piggy 
back" or similar techniques in anastomosing the orifice 

Fig. 42.16. a-b: Split liver grafts: The left lateral lobe can be remo- 
ved initially and the segment IV subsequently from the right lobe. 
LHA: left hepatic artery; LPV: left portal vein; LHD: left hepatic duct; 
LHV: left hepatic vein; SlV: segment IV; RHA: right hepatic artery; 
RPV: right portal vein; RHD: right hepatic duct. 

Fig. 42.15. Hepatico-jejunostomy. 

Fig. 42.17. Split liver transplantation: hepatic artery, portal vein and 

bile duct are left to the right graft. 
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Fig. 42.18. Split liver transplantation: left lateral graft prepared to 
implantation. 
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Fig. 42.19. Implantation of a left liver graft: Reconstruction of hepa- 
tic artery and portal vein. 

of the hepatic veins laterally to the recipient cava (fig. 
42.18). To perform an end-to-side anastomosis of the 
donor liver vein to the recipient caval vein, the orifice 
on the hepatic veins is modeled by dividing the septa 
and widening the incision on the vena cava. After 

completing the anastomosis and flushing the liver, the 

subhepatic donor caval stump is closed with a vascular 

stapler. All other anastomoses are performed using 

standard techniques as described earlier (fig. 42.19). In 

general it is necessary to resort to vascular graft when 
transplanting split liver grafts. 

42 .3 .2 .5 .  Intraoperative Bleeding Problems 

Due to the portal hypertension with splenomegalia and 
corresponding thrombocytopenia as well as the limi- 
ted coagulating function characterising cirrhotics, sub- 
stantial bleeding complications can occur intraoperati- 
vely in the context of the hepatectomy. Apart from a 
careful staunching of bleeding, the early placement of 
a portal-femoro-axillary bypass with the aim of redu- 
cing the pressure in the outflow-area of the mesenteric 
vein, can substantially contribute to the reduction of 
the bleeding problem. After reperfusion of a good do- 
nor organ, a rapid improvement of the coagulation si- 

tuation often with a spontaneously stoppage of diffuse 
bleedings, is to be expected. However, a hyperfibrino- 
lysis can arise particularly in marginal donor organs 
after reperfusion, which can lead to a substantial blee- 
ding inclination. Supply of the protease-inhibitors 
Aprotinin (100.000 IEh), best supported by an analysis 
of the hyperfibrinolysis by means of thrombelasto- 
gramm, can lead to a clear improvement of the coagu- 
lating situation. 

42 .3 .2 .6 .  Conclusion of the Operation 
(Fig. 42.20) 

After careful hemostasis, suction drains are placed 
around and behind the liver. The abdomen is closed in 
layers and the skin margins are approximated. 
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Fig. 42.20. Operative situs after orthotopic implantation of a full- 
size liver, conventional technique. 



LIVING DONOR LIVER TRANSPLANTATION 

43.1.  HiStOriCal Notes 

S. Nadalin 

43.1.1. Introduction 

The disparity between organ demand and the cada- 

veric donor supply for children resulted initially in a 

pre-transplant mortality of around 25% and was dis- 
proportionately high compared with adult patients [1]. 
The problem of size mismatch and the different epide- 
miology of pediatric donorship and terminally disea- 
sed children was chiefly responsible for that situation 
[2]. This stimulated the development of technical inno- 

vations, based on the segmental anatomy of the liver, 

which facilitated transplanting parts of large deceased 

donor livers into smaller recipients. 
The first step in solving the size mismatch problem 

was the introduction of reduced-size liver transplanta- 

tion. The technique was originally described by Bi- 

smuth and Houssin [3] and entailed of performing a re- 
section of the graft on the back table to reduce it to a 
size that fitted the small pediatric recipients [3-5]. Al- 
though reduced-size liver transplantation decreased 

the waiting list mortality of nearly 50% among chil- 
dren, it increased the number of adult patients on the 
waiting list, since the organs were withdrawn from the 
adult organ pool [6-7]. 

This problem was addressed by split liver trans- 
plantation (SLT), in which a deceased donor liver is di- 
vided into two parts for two recipients. The technique 
was first described by Pichlmayr in 1988 [8, 9]. It allo- 
wed the preparation of  two split grafts by dividing all 
vascular and biliary structures and parenchyma for the 

benefit of two recipients, one receiving a right lobe 

graft and the other receiving a left lobe (segments 2-4) 

or left lateral (segments 2-3). The first series of SLT 
was reported by Broelsch and co-workers at the Uni- 

versity of Chicago [ 10]. 

The results turned out not to be as expected, but 

revealed the "Achilles' heel" of the procedure: the cut 

edge of segment 4 and the biliary system. Hence, the 
presence of a poorly functioning graft placed both 

recipients in jeopardy and the increased re-transplan- 

tation rate [11]. The outcome was no real increase in 

donor organ availability for either pediatric or adult re- 

cipients. In addition, in regard to adults, a new pheno- 

menon was discovered: the small for size graft syndro- 

me, which prevented the expansion of hemiliver trans- 

plant between two adults [12]. 
All hope for SLT temporarily vanished until the in- 

creasing pressure on transplant surgeons prompted them 
to convert from extracorporeal split procedures of pre- 

served organs to harvesting the donor organs in situ, 
thereby avoiding the likelihood of a non-viable trans- 

plant. Unfortunately, the wider application of the split 

technique is still hindered by both the lack of expe- 

rience and unwillingness of some centers to split as well 

as by the logistics of sharing, making this procedure 

account for < 20% of all LT performed [13-14]. 

In the face of the drawback of reduced-size liver 

transplantation and SLT series and the growing need 

for liver grafts, the development of segmental LT from 
a living donor evolved as a natural consequence. The 
first experience was reported by Raia et al. in Brazil 

1989, however the first two recipients died due to 

medical complications within the early perioperative 
period [15]. In 1990 the first successful case was 
published by Strong et al. from Australia. The recipient 
was a 15 month old child, living-related-liver-donation 
was performed from the mother [16]. In the early 1990 
is Broelsch et al. established the first program for living 
related liver transplantation at the University of 
Chicago. He reported the first series of 20 cases under 
prospective scrutiny and was able to demonstrate the 

benefit of this procedure for both donor and recipient 

[17]. Equivalent results were obtained by the group of 

Tanaka et al. in Kyoto soon afterwards, proving the 
clinical effectiveness of LDLT in childre [18]. The 

procedure was gradually adopted more widely, 

especially in Asian countries, where cadaveric donors 

were scarce. In 1994, Yamaoka et al. first reported the 
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use of a right lobe for transplantation, and Marcos et al. 

demonstrated in their series of 30 patients that right 

lobe LDLT can be performed with minimal risk to the 

donor and recipient [19-20]. Up to now, almost 3500 

adult-to-child and 2500 adult-to-adult LDLTs have been 

performed [21]. 

LDLT emerged as the only innovation to significan- 

tly expand the scarce donor pool in countries in which 

the growing demands of organs are not met by the 

shortage of available cadaveric grafts. 

43.2. Indications, Donor Evaluation 

G.C. Sotiropoulos, S. Nadalin 

43.2.1. Introduction 

In order to optimize the ratio of donor risks to reci- 

pient benefits, it is necessary to revise the current sele- 

ction criteria, to assure that risk factors are estimated 

for each individual case [22]. For the donors' safety, 

liver biopsy is routinely performed in all candidates 

for ALDLT at our transplant center, irrespective of age 

and body mass index. From April 1998 to August 2004, 
liver biopsy was performed in 337 potential living 
donors at the University Hospital Essen, Germany; 21% 

of these candidates were excluded from donation due 

to liver steatosis or nonsteatotic hepatopathy [23]. Our 
strategy is to limit the macroscopic fat content to less 
than 10%, and even lower when the planned resection 
volume exceeds 60%. The evaluation of the donors is a 

cost-effective yet time-consuming process. Clinical 

examinations, imaging studies, special examinations, 
biochemical parameters, and psychosocial evaluation 
prior to donation varies from center to center and has 

been described elsewhere [24]. In Germany, the cost of 

evaluation, hospital admission, surgical procedure, and 

follow-up examinations of donors is covered by the 

recipient's insurance. Due to the increasing number of 

potential candidates and the more stringent selection 

criteria, rejection of potential donors has been repor- 

ted in about 69%-86% of cases [24-25]. The advantages 

of LDLT include the feasibility of performing the ope- 

ration when medically indicated and the short duration 

of cold ischemia. Initially, segments II and III of the 

left lateral liver grafts or segments II-IV of the left liver 

grafts were transplanted. Nowadays, right liver harve- 

sting is generally the chosen procedure for ALDLT; in 

selected cases the left liver is used if the volume is 

estimated to be > 40% of the recipient standard liver 

volume. No anatomical vascular variances seem to be 

an absolute contraindication for hepatectomy, even 

though a double right portal vein constitutes a techni- 

cal challenge in the recipient anastomoses. Some cen- 

ters refuse donors with a documented biliary anomaly, 

e.g. a second right hepatic duct draining into the left 

hepatic duct, as it poses an increased risk of postopera- 

tive complications in the recipient [26]. Contraindica- 

tions include blood group incompatibility and viral in- 

fection of the allograft with hepatitis B or C virus for 

recipients with non hepatitis B- or non hepatitis C-rela- 

ted liver disease. However, donors with cured hepati- 

tis B (positive anti-hepatitis B surface (HBs) status) are 

not considered an absolute contraindication. 

43.3. Special Operative Considerations 

M. Malag6, C.E. Broelsch 

43.3.1. Donor's Operation 

Nowadays the donor's left lateral hemihepatectomy re- 

presents a standardized procedure [27]. In addition, the 

right hemihepatectomy is almost standardized world- 
wide [28-33], but some points of discussion are still open. 
One major point of debate is whether the middle 
hepatic vein (MHV) should be harvested or not in the 

case of right or left hemihepatectomy. Based on radio- 

logical studies on partition of the venous vascular ana- 
tomy of the liver [34-35], as well as our own surgical ex- 

perience [33, 36] (fig. 43.1-43.5, 43.6a-d, 43.7a-b), we 
can state that the MHV can be harvested without cau- 

sing any outflow decompensation in the residual liver 

[33, 37-39]. Additionally, by performing a "carving" re- 

section along the MHV (fig. 43.8-43.9), a volume-spa- 

ring resection could also be performed [36]. 

It is well known that the division of the right hepa- 

tic duct is one of the most important steps in donor 

hepatectomy, potentially influencing both the outcome 

of the anastomosis in the recipient and the safety of 

the donor. Therefore, an intraoperative cholangiogram 

should be performed whenever standard preoperative 
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Fig. 43.1. a. Lymphadenectomy in liver hilum. Fig. 43.1. b. Anatomical variations: portal vein trifurcation. 

Fig. 43.2. "Malago Manoeuvre" virtual simulated: (a) versus real in 
situ (b) After completing the hilar dissection (bile duct transection 
already performed) and before starting liver transection, the terri- 
torial RHV/MHV dominance relationship (preliminary pre-operative- 
ly simulated) is checked in situ. ~ First right hemi-Pringle clamping 
(right portal vein and right hepatic artery) shows the demarcation 
line on the liver surface. Then, RHV at the level of confluence is clam- 
ped, and right hepatic artery is declamped giving up a demarcation 
line between the drainage territory of right hepatic vein (posterior 
sector S6/7 dusky) and middle hepatic vein (potential venous con- 
gestion in the marginal zone S5/8 on the right graft). The virtual and 
real images can be compared and the decision on MHV inclusion into 
right hemiliver graft versus reconstruction of its tributaries V5V8 is 
definitely made. 

imaging protocols (i.e. MRI or CT) fail to provide relia- 

ble information on the anatomy of the biliary tree. Ba- 

sed on the 3-D pictures alone, provided by the all-in- 

one CT, we avoided an intraoperative cholangiogram 

in the last 71 cases, and no biliary complication in the 

donors was observed. 
Fig. 43.3. a-b. 3D/Reality: Situs with dissection of middle hepatic vein 
(MHV) showing the branches demonstrated in 3D reconstruction. 
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Fig. 43.4. Retrohepatic caval vein with inferior hepatic vein. 

Fig. 43.6. a-d. Donor virtual hepatectomy. "Carving technique". Cra- 
nial view, 3-dimensional reconstruction. The plane of transection 
runs along the course of the MHV- 2D view (3ab). The MHV is "car- 
ved" out of the surrounding hepatic parenchyma - 3D view (3cd). 
RHV (blue), MHV (yellow), LHV (red), right graft (green), left liver 
remnant (brown). 

Fig. 43.5. Retrohepatic caval vein. 

The method and timing of biliary dissection should 
also be mentioned. Although most centers perform the 
bile duct division at the end of the parenchymal trans- 

ection, we are convinced that an early suprahilar bile 

duct division should be performed before the paren- 

chymal transection [33] (fig. 43.10). The technique of 
hepatic duct probing and early division is safe, it pre- 

serves the vascular supply of the hepatic duct and al- 
lows an excellent yield of a single orifice for the reci- 
pient anastomosis. Moreover, it provides a precise de- 

finition of the anatomy of the hepatic duct confluence 
and facilitates one of the most challenging elements of 

donor hepatectomy. 
Careful preparation and blood-saving surgery will 

significantly lower postoperative morbidity. The use of 
a cell saver is indicated. The procedure is performed 
either without hilar occlusion or by using only inter- 

mittent clamping. For the parenchymal transaction, 

ultrasound or waterjet dissectors can be used in com- 

bination with electrocautery. After the removal, the graft 
is flushed with either UW or HTK solution; no dif- 
ference between the two solutions has been reported. 

43.3.2. Recipient's Operation 

43.3 .2 .1 .  Timing of  the Operation 

Generally, the recipient's operation fol'lows the donor's 

operation in a timely fashion, with the possibility of 

overlapping in the case of two teams of experienced 
transplant surgeons, with a consequent reduction in 

the cold ischemic time for the graft. Notwithstanding, 
the clinical condition of the recipient and the indica- 
tion for transplantation can both dictate a change in 
the sequence of the surgeries. For example, in patients 
with advanced HCC, the exploration of the recipient 

should precede the donor's hepatectomy. 
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Fig. 43.9. Sulcus after right hepatectomy in carving technique by 
donor. 

Fig. 43.7. a-b. Malago partition ("carving technique"), intraoperati- 
ve view. Right liver graft by recipient including the MHV (a); left 
remnant liver by donor (b). 

Fig. 43.10. Bile duct dissection with 2 bile ducts in right LDLT. 

Fig. 43.8. "Carving technique". 

43.3 .2 .2 .  Technical Aspects of Recipient's 
Hepatectomy 

The retrohepatic inferior vena cava (IVC) should always 

be preserved and completely mobilized to guarantee 

an optimal IVC occlusion in cases of complicated out- 

flow reconstruction. A temporary porto-caval bypass 

can be used selectively in the case of patients with se- 

vere portal hypertension and previous abdominal sur- 

gery or a foreseeable long anhepatic period. The indi- 

cations for systemic veno-venous bypass (VVB) are still 

controversial [40]. In the case of planned duct-duct bi- 

liary anastomosis, the dissection of the bile duct should 
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be extended deeply into the hilar plate [41-42]. The 

time of completion of the hepatectomy (removal of the 
recipient's own liver) depends on the availability of 

the graft and on the clinical and hemodynamic condi- 
tion of the recipient. 

43 .3 .2 .3 .  Benching the Graft (Fig. 43.11) 

The better understanding of the venous flow the more 

time-consuming and complicated benching of the right 

graft becames. The "blanket" technique [36] (fig. 43.12, 

fig. 43.13, 43.14, 43.15) which maximizes the venous 
outflow by reconnecting all major veins, draining the 
graft in one sinlge large conduit is considered a "state 
of the art" procedure. 

43 .3 .2 .4 .  Implantation of  the Graft 

Great emphasis should be placed on the hepatic out- 

flow tract to prevent graft congestion, a key problem 

leading to early postoperative graft dysfunction. Given 

that the rapid regeneration of the graft could cause kin- 

king, compression, or torsion of the outflow tracts, a 
wide cavotomy of subdiaphragmatic IVC joining the 
triangulation of the three hepatic veins became manda- 

tory in right LDLT (fig. 43.16). The wide cavotomy 
(triangle-shaped), combined with a single large venous 
conduit, can protect the outflow even in the instance 

of medial graft rotation (fig. 43.17). 

The portal vein is generally anastomosed to the 
mainportal vein of the recipient. In the presence of 
multiple branches of the right portal vein, a single ana- 
stomosis using a common patch is preferred. 

The graft hepatic artery is anastomosed to the pro- 
per, right or left, hepatic artery. The bile duct(s) are re- 
constructed by using a Roux-en-Y loop or are anasto- 
mosed in an end-to-end/end-to-side fashion with or 

without insertion of a T-tube [42-43]. 

Fig. 43.11. Right liver graft with 2 arteries and 2 portal veins. Re- 
construction with allogenic lilac vessel. 

Fig. 43.12. "Blanket technique". 

43.3 .2 .5 .  Size Mismatching of  the Graft 

In cases of marginal (< 0.8) graft volume body weight 

ratio (GVBWR) and presence of portal hypertension 

(> 20 mmHg), a small for size syndrome may develop 

in a short time. It is mainly caused by a hypertensive 
high portal flow, graft congestion, and consequent re- 
duction of arterial flow, which can lead to enhanced 

hepatocyte injury with consequent graft dysfunction 

Fig. 43.13. Tree vs four holes: Common outflow tract, by "blanket" 
like venous graft-interposition: RHV-separate ostium, MHV separate 
ostium (if included into graft), HV 8 separate ostium (if no MHV 
included into graft, then HV 8/5 on separate ostium). 
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Fig. 43.14. Two holes: Common outflow tract, by "blanket" like ve- 
nous graft-interposition: RHV-separate ostium, MHV/HV 8 venopla- 
stic (separate ostium). 

. ~ :  , - ~,{: 1 I. . . .  ,,:.~:,-~,~°~ 

Fig. 43.16. Cavotomy by recipient. 

Fig. 43.15. One hole: Common outflow tract, by "blanket" like ve- 
nous graft-interposition: RHV/MHV/HV 8 venoplastic (one ostium). 

up to graft loss. In this regard, different surgical solu- 
tions with different results have been proposed and 
can be summarized in two groups, represented by our 
group and the group from Hong Kong, mainly oriented 
in maximizing the venous outflow by harvesting the 
NHV and performing a wide singular venous conduit 
[32, 36-37]. The other school of thought aims to redu- 
ce portal flow, indirectly through the ligature of sple- 
nic artery [44], or directly by means of a mesocaval 

shunt [45-46], or hemi-portal shunt [47]. The actual trend 
is in reality a combination of the two schools accor- 

ding to individual patient's requirements, mainly based 

on intraoperative hemodynamic monitoring of portal 

and arterial flows and pressures. 

Fig. 43.17. Ancestral blanket. 

43.4. Outcome 

G.C. Sotiropoulos, M. Malag6 

The early results of ALDLT were very promising, with 
a 1-year patient survival rate of 87% and 2 year patient 
and graft survival of around 75% [48]. The surgical pro- 
cedures for LDLT are technically more challenging than 

those for cadaver liver transplantation. In the recipient 
operation, bile duct reconstruction has proven to be 

the most challenging part of the procedure with biliary 

complications ranging between 15% and 60% [49]. 

Regarding donor outcome, morbidity rates between 

0% and 67% have been reported [50]. The most common 

complications include wound infection, pulmonary pro- 
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blems, vascular thrombosis with biliary leaks, strictu- 

res, and incisional hernia. Biliary complications occur 

in up to 7% of donors [49]. Complications occur more 

frequently in donors of the right graft than of the left. 

Sugarawa et al. recently reported ten donor deaths in 
their review of the literature [49]. Liver regeneration 
-documented with imaging studies and confirmed by 

normalization of bilirubin, liver enzymes, and synthe- 

sis parameters- occurs within 2-3 weeks after surgery. 

LDLT should be performed only by established trans- 

plant centers with the appropriate medical expertise 

[51]. 

43.5. Extended Indications 

G.C. Sotiropoulos, M. Malag6 

43.5.1. Living Donor Liver T r a n s p l a n t a t i o n  
for H e p a t o c e l l u l a r  C a r c i n o m a  

The application of the Milan criteria to HCC candidates 

has resulted in 75% overall patient survival and 83% 
overall tumor-free survival at 4 years post-transplant 

[52]. However, limitations of clinical staging systems 

prior to OLT lead to underestimation of HCC stage in 
15-22% of cases and overestimation of HCC stage in 

10% of cases [53-55]. Even with the current sophisticated 
imaging techniques, tumor staging is inaccurate in up 
to 20-30% of patients. Detection of small lesions (< 2 

cm) in end-stage cirrhotic livers is still a major pro- 
blem clearly shown by the reported differences among 
"radiological" and "pathological" Milan criteria in seve- 
ral series, as well as by the high rates of "incidentally 
found HCCs" [56-58]. Retrospective analysis of data from 

the University of Pittsburgh Medical Center revealed that 

27%-49% of transplanted patients who did not meet 

the Milan criteria experienced long-term survival and 

nearly 50% remained tumor-free at a mean follow-up 

of 3.3 years [59]. Whether the criteria for HCC with LDLT 

should be expanded, remains a controversial subject. 

In accordance with the critiria of the University of Ca- 

lifornia, San Francisco (a single lesion < 6.5 cm or up to 

three nodules with the largest lesion < 4.5 cm and with 

a total diameter < 8 cm, without gross vascular inva- 

sion), Yao et al. reported recurrence-free 1 year and 3 

year survival rates of 93% and 85%, respectively {54]. 

The Barcelona Clinic Liver Cancer Group has proposed 

considering patients acceptable for LDLT if they have a 

single tumor < 7 cm, up to three nodules < 7.5 cm, or 

up to five lesions < 3 cm [60]. Cheng et al. found signifi- 

cant advantages for HCC patients undergoing this "fast- 

track" transplantation as opposed to deceased donor 

liver transplantation, with survival rates of 86% vs. 

71% at 1 year and 68% vs. 42% at 5 years [61]. Hwang 

et al. in the multicenter Korean study reported 3 year 

survival rates of 66.4% and 62.6% for patients beyond 

the Milan criteria who underwent deceased donor or 

living donor liver transplantation, respectively [62], 

whilst the corresponding 3 year survival rates for pa- 

tients exceeding the University of California of San 

Francisco criteria were 68% and 58.5% respectively 

[62]. Todo et al. in the multicenter Japan study on li- 

ving donor liver transplantation for HCC reported 3 

year survival rates of 60.4% for patients exceeding the 

Milan criteria [63]. In our transplant center, patients 

are considered suitable LDLT recipients if they have 

no evidence of extrahepatic tumor or portal vein/tu- 

mor thrombosis and if the serial levels of alpha- feto- 

protein are no higher than 1000 ng/ml [62]. Further- 

more, cirrhosis-related parameters, recipient's age and 

physical condition are evaluated, since they constitute 

important factors affecting hospital mortality [64]. The 

value of adjuvant/ neo-adjuvant therapies for trans- 

planted HCC patients [65] or of new immunosuppres- 

sive agents with strong antiproliferative and eventually 
tumor inhibiting effects may also be considered [66-67]. 

The current worldwide trend to "expand" the Milan 

criteria therefore seems to be justified. However, pro- 

spective multicenter randomized analyses should be 

undertaken in order to establish a consensus of "how 

far to go" with the listing criteria for patients with HCC 

and cirrhosis. Longer follow-up, multicenter cooperation 

and identification of biological markers responsible for 

the "carcinogenesis" of HCC using modern methods of 

molecular biology may in future be the key to better de- 

fining "patients at risk" for LT. However, ethical issues 

also need to be considered, as well as the potential 

risks and benefits to a living donor and HCC recipient 

with extended standard criteria taken into account. 

43.5.2. Extended End-Stage Liver Disease 

LDLT for patients with decompensated end-stage liver 
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disease (UNOS 2A, MELD > 30) is a somewhat contro- 

versial issue. Nevertheless, the fact remains that these 

patients are most in need of a timely liver transplant. 

In our series, patients and graft survival rates were on- 

ly 43%. Notwithstanding the high mortality rate, no 

donors had regrets about the procedure, and all donors 

state that they would donate again if placed in the 

same position. LDLT represents a timely and effective 

alternative to DDLT in decompensated end-stage liver 

disease. Nonetheless, the ethical concerns regarding 

risks and benefits for both donor and recipient should 

be discussed. 

43.6. Ethical Considerations 

M. Malag6, C.E. Broelsch 

to the living donor is not known. The evidence from 

several surveys and subjective assessments indicates 

that donor mortality is somewhere between 0.2 and 

1% and morbidity as high as 60% [73]. Trotter reported 

that a complete recovery required more than 3 months 

in 75% of all donors [74]. Despite all this, recent studies 

have shown a significant benefit for the donor. Liver 

donors reported satisfaction and increased self-esteem. 

In a study by Karliova et al. 92% of all donors would 

opt to donate again [75]. A high degree of preoperative 

information enabled the donors to have a realistic 

view of the operation and its potential complications 

and further explained the overall positive retrospective 

rating. 

Clearly, donor safety is paramount in LDLT, while 

the risks and benefits to the donors will undoubtedly 

be debated by ethicists. 

LDLT has always been accompanied by ethical con- 

cerns, mainly related to the risk imposed on the donor 

[68-69]. Over the past decade, it has been proven that 

LDLT significantly increases the donor pool and that 

the outcome is equal or even superior to DDLT. In this 

context, the risk/benefit ratio for the recipient is 

clearly in favor of LDLT [70]. Applying the principle of 

justice to LDLT is also complex, and it is questionable 

whether a procedure that violates the principle "above 

all, do no harm" can be justified. Furthermore, ongoing 

ethical discussions concerned themselves with que- 

stions such as who should receive a living donor trans- 

plant. While some argue that stable patients with chro- 

nic liver disease, before hepatic decompensation, be- 

nefit the most from LDLT, others maintain that very ill 

patients are precisely the ones who should be offered 

LDLT [71]. This argument can also be stended to those 

patients who cannot currently be placed on the waiting 

list due to advanced cancer, but for whom LDLT offers 

the only effective option. There is an ongoing debate 

concerning patients with acute hepatic failure, even 

though several reports have shown that patients with 

acute hepatic failure can be well served by LDLT [71- 

72]. 

Who, then, should donate? LDLT is guided by two 

main principles: 1) donor morbidity and mortality must 

be kept to a minimum; and 2) graft and recipient survi- 

val should be as high as in full size LDLT. The exact risk 
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44 .1 .  Card iovascular  and P u l m o n a r y  

Mon i to r ing  

In the early post transplant period, an intensive medi- 

cal monitoring is necessary with frequent controls of 

the vital parameters {1-2]. Whilst post operative artifi- 

cial ventilation is not mandatory, it is almost without 

exception, the rule. Stable transplant patients with good 

general condition can usually be extubated within 6 

hours after the transplantation. 

44.2 .  Suppor t  w i th  v a s o a c t i v e  Substances 

After transplantation of critical organs with initially poor 

function, support with prostaglandins (for example Flo- 
lan: 4-5 ng/kg rain) for the improvement of the liver 

blood circulation is recommended. Possible side effects 

of prostaglandins (hypotension, inhibition of platelets 

aggregation; cave: platelets < 30.000 pl) may be consi- 
dered. 

44 .3 .  V o l u m e  T h e r a p y -  E lec t ro ly te  Balance 

Volume therapy is performed on the basis of the cen- 
tral venous pressure, or, better on the basis of pulmo- 
nary arterial pressure (PAP) and wedge pressure, 
measured over a Swan-Ganz- catheter. Crystalloids and 

colloids substances are used. 

Special attention should be given to the correction 

of hyponatremia. Due to the danger of a heavy pontine 

or extrapontine myelolysis, hyponatremias may be ba- 

lanced only very slowly. Pronounced hyponatremias 

<120 mmol/1 should be compensated for during a pe- 
riod of two to three days. 

44.4 .  Coagula t ion  Subst i tu t ion  

The substitution of coagulating factors requires an exact 
assessment of the coagulating situation. The most relia- 

ble value is that of the concentration of coagulating 

factor V. In the absence of bleeding tendency, values 

of factor V > 25% do not require substitution supply of 

plasma. Excessive substitution of coagulating factors 

influences and hampers the evaluation of the synthesis 

of the transplanted liver. Antithrombin III should be 

intensively controlled and be substituted at values < 60- 

70%. This applies in particular to patients with an in- 
creased risk of thrombosis (for example patients with 
Budd Chiari syndrome). 

Without signs of bleeding, the substitution of plate- 

lets is only indicated at values under 20.000/pl, while 
in bleeding situations the supply of platelets should be 

considered at values under 50.000/pl. 

44.5 .  Nut r i t ion  Therapy  

The energy requirement after liver transplantation du- 
ring the first two post transplant weeks is approximate- 
ly 30-35 kcal/kg/Day. The supply of non protein ener- 
gy should amount to, for instance, the 1.3 x the basic 
conversion in relation to the glucose - fat ratio, (e.g. of 
60:40 and/or 50:50). In the context of post transplant 
aggressive metabolism, early postoperative disturban- 

ce of the glucose metabolism with insulin resistance can 

be manifest. In these cases the glucose supply should 

be reduced, since an increase of the insulin supply 

does not lead to any improvement of the glucose me- 

tabolism. Owing to the smaller influence of RES after 

liver transplantation, emulsions from MCT/LCT fats 

seem to be favourable in comparison to pure LCT 

emulsions. For protein metabolism, the supply of stan- 
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dard amino-acid solutions is sufficient. The early post 

transplant period usually displays a negative nitrogen 

balance. Nevertheless, protein supply should not exceed 

1,0-1,5 g albumin/kg/Day, since an increase of protein 

conversion with an increase of urea production can oc- 

cur. 

Enteral nutrition should be given preference over 

parenteral nutrition and should begin as early as possi- 

ble after the transplantation. In this respect, patients 

with assumed long stay in ICU and poor physical con- 

dition, the intraoperative placement of a duodenal nu- 

trition catheter or a fin-needle-catheter-jejunostomy, 

may prove helpful. 

44.8. AntibiOtiC Therapy and Selective 
Intestinal Decontamination 

A perioperative antibiotic therapy of 24 hours is usual- 

ly sufficient; in exceptional cases (i.e. post spontaneous 

bacterial peritonitis or post cholangitis by primary scle- 

rosing cholangitis) long-term therapy may be indica- 

ted. The selective intestine decontamination (colistin- 

sulfate l OOmg; gentamycine 80mg, amphothericin B 

6,6 g as well as non biliary tree-active antibiotic) is 

standard practice and should be administered for 2 to 

3 weeks post transplant. 

44.6. Postoperative Laboratory Controls 
44.9. Prophylaxis Against Candida Infections 
of the Pharyngo-Oral Cavity- Viral Prophylaxis 

Laboratory values should be controlled very closely, in 

the first postoperative hours i.e. every 8 hours (liver 

values, coagulating controls, electrolytes etc). Close 

control of the hemoglobin value should take place clo- 

se in conjuction with the clinical process. 

44.7. Smear Tests, Microbiological 
Investigations 

For the prophylaxis of pharyngo-oral Candida infections 

an oral application of Amphomoronal  should commen-  

ce from the first post transplant day 4 times daily for 4 

to 6 weeks. 

A general prophylaxis against viral infections is nei- 

ther possible nor meaningful. However, prophylactic 

treatment of Ganciclovir against Cytomegalovirus should 

be administered to protect IgG CMV negative recipients 

from IgG CMV positive donors. 

Routinely, wound smears as well as bacteriological in- 

vestigations of trachea secretions and urine are carried 

out twice weekly. Furthermore, the determination of 

the Candida titter (AGAC) and viral marker (VZV, CMV, 

EBV, HSV) can prove significant. Clinical suspicion 

should prompt further examinations. 
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45a. PERIOPERATIVE COMPLICATIONS 

H. Lang, G.C. Sotiropoulos 

During the last 2 decades patient and graft survival ha- 
ve dramatically improved (fig. 45a.1). Despite advan- 
ces in organ preservation and technical procedures, 
postoperative complications due to preservation/re- 
perfusion injury have not markedly decreased over the 
past several years. Perioperative ischemic injuries in- 
clude hepatocellular damage during cold ischemia ti- 
me from prolonged preservation and warm ischemia 
during implantation of the allograft. Typical histologi- 
cal features of preservation and reperfusion injury in- 
clude centrilobular pallor and ballooning degeneration 
of hepatocytes. Bile duct ceils are more sensitive to 
reperfusion injury than hepatocytes [1], resulting in in- 
creased levels of bilirubin, gamma-glutamyl [ 1] transpe- 
ptidase (yGT), and alkaline phosphatase (AP). Vascular 
complications such as hepatic artery thrombosis (HAT) 
or stenosis occur in 1.6%-10.5% and up to 5% of pa- 
tients, respectively. HAT may lead to large bile duct in- 
juries, requiring retransplantation in many patients. 
Hepatic failure due to HAT is more common in the 
early postoperative period and can be managed with 
thrombectomy. Late HAT is managed by interventional 
endoscopic retrograde cholangiography (ERC) in cases 
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Fig. 45a.1. Patient and graft survival between May 1968 and De- 
cember 2004 (data taken from European Liver Transplant Registry; 
http://www.eltr.org). 

of bile duct strictures and may require retransplanta- 
tion in the long-term, should ERC not be successful. 
Early portal vein thrombosis is rare (< 1%) but may 
lead to graft loss if not revascularized. Our institution's 
protocol advocates Doppler exams of the hepatic arte- 
ry and portal vein being performed every 8 hours in 
the early postoperative period. 

Primary non functioning graft (PNFG) may be clini- 
cally obvious immediately after revascularization of the 
allograft. Early signs of liver dysfunction include pro- 
longed coagulation times, persistently elevated liver 
enzymes (transaminases, cholestasis parameter), rising 
lactate, and hypoglycemic episodes. PNFG is a critical 
situation and requires immediate retransplantation. 

Bacterial infections represent a major cause of mor- 
bidity and mortality in the early posttransplant period. 
Correct differentiation between colonization and true 
infection is important. Reported risk factors for infe- 
ctions include advanced age, accompanying renal in- 
sufficiency, malnutrition, and a high number of peri- 
operative blood product transfusions. Low pretrans- 
plantation hemoglobin, high pretransplantation biliru- 
bin, return to surgery and prolonged therapy with ci- 
profloxacin have been found to be independent varia- 
bles for predicting fungal infection [2]. 

The clinical symptoms of acute liver rejection are 
unspecific and may manifest as fever, right upper qua- 
drant pain, and malaise. A liver biopsy is indispensable 
for confirmir~g the diagnosis of acute rejection. High 
dose corticosteroids (3 days of 500-1000 mg methyl- 
prednisolone) are the first-line treatment for acute re- 
jection. 
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45b. LONG-TERM COMPLICATIONS 
AFTER LIVER TRANSPLALNTATION 

S. Beckebaum, V. Cicinnati, A. Frilling, G. Gerken 

Due to excellent results in the short-term outcome af- 

ter liver transplantation, attention has shifted to redu- 

cing long-term complications. Seyam et al. investiga- 

ted late mortality in more than 1000 patients trans- 

planted between 1982 and 1999. Of the 129 who did 
not survive within this time period, 56% died of side- 

effects associated with long-term immunosuppression 
including malignancies and renal impairment, 22% 
died of vascular complications, and 15% suffered liver 
organ failure due to recurrent disease [1]. 

45b.1. Opportunistic Infections 

Opportunistic infections are primarily viral and fungal 

in origin. Cytomegalovirus (CMV) is a frequent cause 
of infection in the post-transplant setting. Diagnostic 
assays, such as CMV pp65 Ag and quantitative PCR ha- 
ve demonstrated similar efficacy for the diagnosis and 

monitoring of CMV infection in liver transplant reci- 
pients [2]. Persistent CMV infection has been shown in 
patients with chronic rejection [3]. Valganciclovir is an 
oral prodrug for ganciclovir [4] and has various advan- 

tages over the original formulation (10 times higher 
bioavailability, lower application frequency, lower oc- 
currence of resistance). A high viral load of Epstein- 
Barr infection and a high level of immunosuppression 
are reported as risk factors for post-transplant lympho- 
proliferative disease (PTLD) [5]. The clinical presenta- 
tion varies and may manifest as an impaired general 
condition with fatigue, weight loss, tonsillitis, lymph 

node enlargement, and gastrointestinal symptoms. 

PTLD is more frequent in children after organ trans- 

plantation, but still represents 15% of tumors in adults. 

The treatment includes modulating the immunosup- 

pressive regimen and applying antiviral drugs such as 

acyclovir or ganciclovir, and as a second step, treat- 

ment with anti-CD20 monoclonal antibodies if CD20 

positive tumor cells are detectable. 
The clinical manifestation of infection with human 

herpes virus-6 may vary between asymptomatic infe- 

ction to severe symptoms [6]. Other viral pathogens 
include herpes simplex virus and varicella. Fungal in- 
fections in transplanted patients include infection with 
Candida sp., Aspergillus, Cryptoccocus, and Histoplasma. 
Early diagnosis and careful management of dissemina- 
ted fungal infections are necessary to avoid high mor- 
bidity and mortality rates. 

45b.2. Chronic Rejection 

Advances in immunosuppressive regimens have grea- 

tly reduced the incidence of rejection and allograft fai- 
lure. Chronic rejection begins within weeks to months 
or years after OLT and affects about 4% to 8% of pa- 
tients [7]. Risk factors for chronic rejection include al- 
loimmune immunologic injury and nonimmunologic 
factors such as older donor age, prolonged cold ische- 
mia, and donor atherosclerosis. The most widely reco- 

gnized manifestation of chronic rejection is obliterati- 
ve arteriopathy [8]. Chronic rejection may appear in- 

dolently and might only become apparent as liver test 
injury abnomalities (yGT, AP, bilirubin, transaminases). 
The diagnosis needs to be confirmed by histopatholo- 
gic examination. It is important to recognize chronic 
rejection in the early stages in order to avoid irreversi- 
ble damage to the allograft. The first therapeutic ap- 
proach is generally treatment with corticosteroids. At 
our transplant center and in some others, this step is 
often accompanied by switching the baseline immuno- 
suppression from CSA to TAC and initiating mycophe- 
nolate mofetil (MMF) rescue therapy [9]. A recent stu- 
dy investigating the efficacy and safety of anti-interleu- 
kin (IL-2) receptor antibodies (daclizumab and basi- 
liximab) for steroid-resistant rejection revealed a poor 
histologic response to chronic rejection but successful 
resolution (75%) in patients with acute cellular reje- 

ction [ 10]. 

45b.3. CNl-lnduced Nephrotoxici ty 

Despite the introduction of new immunosuppressive 

agents (table 45b.1), CNI remain the key drugs of most 
immunosuppressive regimens. Both CSA and TAC in- 
hibit the calcineurin-calmodulin complex and therefo- 
re IL-2 production. Complications of CNI, including 
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nephrotoxicity, diabetes, hypertension, and hyperlipi- 

demia, have a major effect on morbidity and mortality 

within the transplant setting. CSA monitoring has tradi- 

tionally been performed by measuring predose "trough" 

blood concentrations (CO). The development of a 2 hour 

post-dose CSA (C2) monitoring strategy has emerged 

as a more sensitive approach for assessing the pharma- 

cokinetics and provides greater precision in the opti- 

mization of dosing than CO measurements. The inci- 

dence of chronic, CSA-induced, mild to moderate ne- 

phrotoxicity (serum creatinine > 125 and < 200 umol/L) 

is high and varies in different studies between 23.3% 
and 78.0%. The incidence of severe chronic renal fai- 

lure ranges from 4-28%, and the incidence of end-sta- 

ge renal insufficiency resulting in hemodialysis is 1.4- 

7.9% [11]. 

In OLT patients with CNI-induced nephrotoxicity, a 

complete replacement of CNI with conversion to MMF 

bears an increased risk of acute rejection ranging from 

0% to 60% [12-15]. MMF inhibits inosine monopho- 

sphate dehydrogenase, a critical enzyme in the de no- 

vo pathway of purine synthesis. It may be used for acu- 

te or chronic rejection, recurrent autoimmune disease, 

and corticosteroid resistance. 

Results from previous studies with immunosuppres- 

sive regimens including MMF and reduced CNI treat- 

ment suggest a significant improvement in renal fun- 

ction in this patient group [16-18]. In contrast, Neau- 

Cransac et al. [19] and Gonwa et al. [20] did not find a 

significant renal function improvement after withdra- 

wal of CNI and introduction of MMF. We investigated 

the impact of combined MMF and minimized CNI the- 

rapy on cardiovascular risk factors, liver parameters, 

and renal function [21]. We randomized 32 patients 

with CNI-induced renal dysfunction to either a) con- 

tinue their current CNI dose or b) to receive MMF up 

to a dose of 1000 mg twice per day followed by step- 

wise reduction of CNI (TAC trough levels < 4 ng/ml, 

CSA trough levels < 50 ng/ml). Three months after con- 

version therapy, we observed a significant decrease in 

the mean values of serum creatinine (from 1.88 +_ 0.36 

to 1.58 + 0.33 mg/dL; p < 0.001), serum urea (from 

39.2 -+ 11.8 to 29.9 + 9.59 mg/dL; p < 0.001), and GFR 

(from 51.4 _+ 10.8 to 61.6 + 14.1 mL/min; p < 0.001, 

fig. 45b.1). Interestingly, renal function improved even 

in long-term liver transplant recipients (5.6 + 3.6 years; 

range 2-13 years), which suggests at least a partial re- 

versibility of CNI-induced renal damage. 
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Sirolimus (SRL) is a macrolide isolated from Stre- 

ptomyces hygroscopius. It binds to a highly conserved 

cellular protein, FKBP12, and to the rapamycin/FKBP12 

complex targets, and it inactivates mTOR, which is 

considered as a master switch for cell cycle progres- 

sion [22]. Side-effects of SRL include increased inci- 

dence of wound infection and dehiscence, hyperlipi- 
demia, thrombocytopenia, leucopenia, and anemia. The 
antifibrotic effect of SRL may provide an explanation 

for impaired wound healing [23]. There is also eviden- 

ce that SRL has been associated with an increased risk 

of HAT. However a recent study by Dunkelberg et al. 

with 170 patients receiving SRL as primary immuno- 

suppression failed to demonstrate an association bet- 

ween SRL therapy and increased prevalence of HAT 

and wound complications [24]. SRL is currently being 

investigated in clinical studies as an alternative or com- 

plementary agent to CNI [25-27]. 

A second TOR inhibitor, everolimus (ERL), may ex- 

hibit improved bioavailability and a shorter half-life than 

SRL. Phase I trials have shown that ERL is generally well- 
tolerated [28]. The different mechanisms of action of 
ERL and CNI give rise to synergistic immunosuppressi- 

ve properties. The use of ERL in combination with CSA 

allows for a strong reduction of CSA dose. The use of 

IL-2 receptor antagonists at induction is presently 

being considered in ongoing studies as part of CNI- 

sparing or steroid-sparing regimens. 

45b.4. Other Side Effects of CNI 

Beside potential nephrotoxicity, CNI therapy is asso- 
ciated with side-effects which include tremor, heada- 
che, electrolyte abnormalities, hyperuricemia, hepato- 
toxicity, and gastrointestinal symptoms. Neurotoxicity, 

including tremor, paresthesia, muscle weakness, and 

seizures, more often occurs in TAC-treated patients; 

whereas, gingival hyperplasia and hirsutism are asso- 

ciated with CSA treatment. 

Cardiovascular side-effects due to CNI and steroids 

include hyperlipidemia, hypertension, and impaired glu- 

cose tolerance. The increased risk of myositis should 

be considered in patients treated with statins for hy- 

perlipoproteinemia [29]. At our center, therapy with 

statins is given consideration only for patients with a 

risk profile for cardiovascular morbidity. 

There is ongoing discussion on steroid avoidance 

due to dyslipidemia, osteoporosis, the development of 

cataracts, weight gain, hypertension, and a deleterious 

impact on glucose control. The Ochsner Clinic investi- 

gated the efficacy of polyclonal rabbit anti-thymocyte 

globulin (RATG) induction followed by TAC monothe- 

rapy in a randomized, prospective trial [30]. Compared 
to the control group with steroids, the RATG plus TAC 
group had a lower incidence of posttransplant diabe- 

tes, CMV infection, and steroid-requiring rejections. 
Other j'esearch groups have reported encouraging fin- 

dings with steroid-free protocols including basiliximab 

induction therapy [31-32]. 

The prevalence of new-onset diabetes mellitus after 

OLT, has been reported to occur in 9% to 21% of pa- 

tients [33-34]. The prevalence of posttransplant diabe- 

tes is even higher if co-factors such as hepatitis C are 
present. In various studies, the diabetogenic potential 

has been reported to be higher in patients receiving 

TAC than in those receiving CSA. In contrast, CSA has 
a more pronounced effect on lipid levels. CSA can act 
by modulating the activity of the LDL receptor or by 

inhibiting the bile acid 26-hydroxylase that induces bi- 

le acid synthesis from cholesterol. 

44b.5. De Novo Malignancies 

Malignancies in transplant patients occur 4-5 times mo- 
re frequently than in the general population. This phe- 
nomenon is associated with immunosuppression and 
carcinogenic viruses. The highest risks in the transplant 
setting are cancers of the skin and PTLD, which range 

from 6% to 70% and 4.3% to 30%, respectively [35]. 
An annual routine dermatological follow-up exam is 
highly recommended for transplant patients. Patients 

transplanted for PSC have an increased risk of colon 

cancer. Recent studies reported a significantly higher 

incidence of aerodigestive cancer including lung can- 
cer among patients who underwent OLT for alcohol- 

related liver disease [35-36]. SRL exerts antiangiogenic 

activities that are linked to a decrease in production of 

vascular endothelial growth factor (VEGF) and to a 

markedly inhibited response of vascular endothelial 

cells to stimulation by VEGF [37]. Furthermore, the 

ability of SRL to increase the expression of E-cadherin 

suggests a candidate mechanism for its ability to block 
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regional tumor growth and for inhibiting metastatic 

progression. Therefore, not only patients transplanted 

for HCC but also those with de novo malignancies after 

transplantation should be given special consideration 

for SRL-based immunosuppressive regimens. 

45b.6. Biliary Complications 

Biliary strictures are one of the most common compli- 

cations after liver transplantation, with a reported inci- 

dence of 5.8-34% [38]. Risk factors contributing to bi- 

liary strictures include ischemia/reperfusion injuries, 

prolonged warm and cold ischemia times, bacterial and 
viral infections especially CMV, age cross match, acute 

and chronic rejection, a small-for-size graft, HAT, ABO 

blood incompatibility, hepatotoxic drugs, and recurrent 

viral or cholestatic disease. The spectrum of biliary 
complications has changed within recent years, due to 

the introduction of reduced size, split liver, and LDLT. 

In the LDLT recipient, 18% of biliary complications 

have been reported in various centers in the United 

States, 15% in European centers, and 32% in Japanese 
centers. There is no consensus among centers regarding 

standardized biliary anastomosis techniques; some fa- 

vor a hepatico-jejunostomy with or without stenting of 

the anastomosis, but others prefer a direct hepatico- 
choledochostomy [39]. Novel radiological methods 
such as magnetic resonance cholangiopancreaticogra- 

phy (MRCP) have been introduced as diagnostic tools 

for biliary complications. 

Biliary leaks generally occur as an early post-trans- 
plant complication; whereas, strictures may develop post- 

operatively over months and years. ERC or percutane- 

ous transhepatic cholangiography (PTC) have often been 
used as the primary approach, leaving surgical inter- 
vention for those who are non-responsive to endosco- 
pical interventions. The long-term efficacy and safety 
of endoscopic techniques have been evaluated in various 

transplant centers [40-42]. Non-anastomotic strictures 

are commonly associated with a less favorable respon- 

se to interventional endoscopic therapy, in comparison 

to anastomosis stenosis. An Austrian group found ana- 

stomotic strictures in 12.6% of patients transplanted 

between October 1992 and December 2003 and non- 

anastomic strictures in 3.7% of them [38]. Interventio- 

nal endoscopic procedures were effective in 77% of 

patients with anastomosis stenosis; whereas treatment 

of non-anastomotic strictures showed long-term effe- 

ctiveness in 63% of patients. A surgical approach was 

required in 7.4% of transplant recipients. 
At our center, results from 75 transplanted patients 

undergoing ERC for suspected anastomic strictures we- 

re retrospectively analyzed [41]. Interventional endo- 

scopic treatment was successful in 22 of 25 patients. 
Balloon dilatation alone and combined dilatation and 
endoprotheses placement was efficacious in 89% and 

87% of cases respectively, but recurrence occurred in 

62% and 31% of cases respectively. We therefore use 

dilatation plus stenting with endoscopic reassessment. 

Repeated ERC sessions are performed with increasing 
endoprothesis diameter in trimonthly time intervals 

and double or triple parallel stenting in selected cases. 

Tung et al. have shown that up to 75% of patients were 
stent-free after 18 months of endoscopic intervention 
[43]. Medical treatment for bile duct strictures consists 
of UDCA and additional antibiotic treatment in strictu- 

re-induced cholangitis. Complications related to bilio- 

enteric anastomosis require PTC or surgical interven- 

tion. Ampullary and sphincter of Oddi dysfunction oc- 
cur in up to 5% of transplanted patients with typical 

signs of biliopancreatic reflux of contrast medium du- 

ring ERC. Various centers have reported on endosco- 

pic sphincterotomy or transpapillary stenting as endo- 
scopic treatment [44-45]. In patients with biliary sto- 
nes, endoscopic sphincterotomy and stone extraction 

have been reported to be successful in about 90% of 

patients [43]. 

45b.7. Metabolic Bone Disease 

Metabolic bone disease is a common cause of morbidi- 
ty and often results from therapy with corticosteroids. 
Screening with bone densitometry should begin befo- 
re transplantation. Patients with reduced bone mineral 

density (BMD) should be administered calcium and vi- 

tamin D. Biphosphonate therapy should be considered 

for patients with increased risk for fractures. 

References 

[1] Seyam MS, Grunson BK, Neuberger JM. Late mortality in 



566 Chapter 45: Perioperative Complications 

orthotopic liver transplant recipients who survive more 

than 5 years. Single center experience. Hepatology 2004; 

40:Abst. 222. 

[2] Martin-Davila P, Fortun J, Gutierrez C et al. Analysis of a 

quantitative PCR assay for CMV infection in liver transplant 

recipients: an intent to find the optimal cut-off value. J Clin 

Viro12005; 33:138-144. 

[3] Evans PC, Coleman N, Wreghitt TG et al. Cytomegalovirus 

infection of bile duct epithelial cells, hepatic artery and 

portal venous endothelium in relation to chronic rejection 

of liver grats. J Hepatol 1999; 31:913-920. 

[4] Lake KD. New prophylactic treatment strategy for cytome- 

galovirus disease. Am J Health Syst Pharm 2003; 60 (Suppl 

8):S13-S16. 

[5] Smets F, Sokal EM. Epstein-Barr virus-related lymphoproli- 

feration in children after liver transplant: role of immunity, 

diagnosis, and management. Pediatr Transplant 2002; 6: 

280-287. 

[6] Lautenschlager I, Hockerstedt K, Linnavuori K et al. Human 

herpesvirus-6 infection after liver transplantation. Clin In- 

fect Dis 1998; 26:702-707. 

[7] Neuberger J. Incidence, timing, and risk factors for acute 

and chronic rejection. Liver Transpl Surg 1999; 5:$30-$36. 

[8] Demetris AJ, Murase N, Lee RG et al. Chronic rejection. A 

general overview of histopathology and pathophysiology 

with emphasis on liver, heart and intestinal allografts. Ann 

Transplant 1997; 2:27-44. 

[9] Daly I, Jain A, Reyes J e t  al. Mycophenolate mofetil for 

treatment of chronic rejection in liver allograft under ta- 

crolimus. Transplant Proc 2002; 34:1503. 

[10] Orr DW, Portmann BC, Knisley AS et al. Anti-interleukin 2 

receptor antibodies and mycophenolate mofetil for treat- 

ment of steroid-resistant rejection in adult liver transplan- 

tation. Transplant Proc 2005; 37:4373-4379. 

[11] Beckebaum S, Cicinnati VR, Broelsch CE. Future directions 

in immunosuppression. Transplant Proc 2004; 36 (2 Suppl): 

574S-576S. 
[12] Moreno JM, Rubio E, Pons F et al. Usefulness of mycophe- 

nolate mofetil in patients with chronic renal insufficiency 

after liver transplantation.Transplant Proc 2003; 35:715- 

717. 
[13] Stewart SF, Hudson M, Talbot D et al. Mycophenolate 

mofetil monotherapy in liver transplantation. Lancet 2001; 

357:609-610. 

[14] Moreno Planas JM, Cuervas-Mons Martinez V, Rubio Gon- 

zalez E et al. Mycophenolate mofetil can be used as mono- 

therapy late after liver transplantation. Am J Transplant 

2004; 4:1650-1655. 

[15] Schlitt HJ, Barkmann A, Boker KH et al. Replacement of 

calcineurin inhibitors with mycophenolate mofetil in liver- 

transplant patients with renal dysfunction: a randomised 

controlled study. Lancet 2001; 357:587-591. 

[16] Raimondo ML, Dagher L, Papatheodoridis GV et al. Long- 

term mycophenolate mofetil monotherapy in combination 

with calcineurin inhibitors for chronic renal dysfunction af- 

ter liver transplantation. Transplantation 2003; 75:186-190. 

[17] Cantarovich M, Tzimas GN, Barkun J e t  al. Efficacy of my- 

cophenolate mofetil combined with very low-dose cyclo- 

sporine microemulsion in long-term liver-transplant patients 

with renal dysfunction. Transplantation 2003; 76:98-102. 

[18] Garcia CE, Ribeiro HB, Garcia RL et al. Mycophenolate mo- 

fetil in stable liver transplant patients with calcineurin inhi- 

bitor-induced renal impairement: single-center experience. 

Transplant Proc 2003; 35:1131-1132. 

[19] Neau-Cransac M, Morel D, Bernard PH et al. Renal failure 

after liver transplantation: outcome after calcineurin inhibi- 

tor withdrawal. Clin Transplant 2002; 16:368-378. 

[20] Gonwa TA. Treatment of renal dysfunction after orthotopic 

liver transplantation: options and outcomes. Liver Transpl 

2003; 9:778-779. 
[21] Beckebaum S, Cicinnati VR, Klein CG et al. Impact of com- 

bined mycophenolate mofetil and low-dose calcineurin in- 

hibitor therapy on renal function, cardiovascular risk factors, 

and graft function in liver transplant patients: preliminary 

results of an open prospective study. Transplant Proc 2004; 

36:2671-2674. 

[22] Luan FL, Ding R, Sharma VK et al. Rapamycin is an effecti- 

ve inhibitor of human renal cancer metastasis. Kidney Int 

2003; 63:917-926. 
[23] Watson CJ, Friend PJ, Jamieson NV et al. Sirolimus: a po- 

tent new immunosuppressant for liver transplantation. 

Transplantation 1999; 67:505-509. 

[24] Dunkelberg JC, Trotter JF, Wachs M et al. Sirolimus as pri- 

mary immunosuppression in liver transplantation is not as- 

sociated with hepatic artery or wound complications. Liver 

Transpl 2003; 9:463-468. 

[25] Sanchez EQ, Martin AP, Ikegami T et al. Sirolimus conver- 

sion after liver transplantation: improvement in measured 

glomerular filtration rate after 2 years. Transplant Proc 

2005; 37:4416-4423. 
[26] Neff GW, Montalbano M, Lapak-Green G e t  al. Sirolimus 

therapy in orthotopic liver transplant recipients with calci- 

neurin inhibitor related chronic renal insufficiency. Trans- 

plant Proc 2003; 35:3029-3031. 

[27] Trotter JF. Sirolimus in liver transplantation. Transplant 

Proc 2003; 35 (3 Suppl):S193-200. 

[28] Tan HP, Basu A, Shapiro R. Everolimus: an update. Curr 

Opin Organ Transpl 2003; 8:323-326. 

[29] Zachoval R, Gerbes AL, Schwandt Pe t  al. Short-term effects 

of statin therapy in patients with hyperlipoproteinemia af- 

ter liver transplantation: results of a randomized cross-over 

trial. J Hepatol 2001; 35:86-91. 

[30] Eason JD, Nair S, Cohen AJ et al. Steroid-free liver trans- 

plantation using rabbit antithymocyte globulin and early ta- 



S. Beckebaum, V. Cicinnati, A. Frilling, G. Gerken 567 

crolimus monotherapy. Transplantation 2003; 75:1396- 

1399. 
[31] Filipponi F, Callea F, Salizzoni M et al. Double-blind com- 

parison of hepatitis C histological recurrence rate in HCV+ 

liver transplant recipients given basiliximab + steroids or 

basiliximab + placebo, in addition to cyclosporine and aza- 

thioprine. Transplantation 2004; 78:1488-1495. 

[32] Neuhaus P, Clavien PA, Kittur D et al. Improved treatment 

response with basiliximab immunoprophylaxis after liver 

transplantation: results from a double-blind randomized 

placebo-controlled trial. Liver Transpl 2002; 8:132-142. 

[33] John PR, Thuluvath PJ. Outcome of patients with new-on- 
set diabetes mellitus after liver transplantation compared 
with those without diabetes mellitus. Liver Transpl. 2002; 

8:708-713. 
[34] Konrad T, Steinmfiller T, Vicini Pet al. Regulation of gluco- 

se tolerance in patients after liver transplantation: impact 

of cyclosporin versus tacrolimus therapy. Transplantation 

2000; 69 (10):2072-2078. 

[35] Vallejo GH, Romero CJ, de Vicente JC. Incidence and risk 
factors for cancer after liver transplantation. Crit Rev Oncol 

Hematol. 2005; 56:87-99. 

[36] Jimenez C, Marques E, Manrique A, al. Incidence and risk 

factors of development of lung tumors after liver transplan- 

tation. Transplant Proc 2005; 37:3970-3972. 
[37] Guba M, von Breitenbuch P, Steinbauer Met al. Rapamycin 

inhibits primary and metastatic tumor growth by antiangio- 

genesis: involvement of vascular endothelial growth factor. 

Nat Med 2002; 8:128-135. 

[38] Graziadei IW, Schwaighofer H, Koch R et al. Long-term 

outcome of endoscopic treatment of biliary strictures after 

liver transplantation. Liver Transpl 2006 May;12(5):718-25. 

[39] Sugawara Y, Makuuchi M. Technical advances in living- 
related liver transplantation. J Hepatobiliary Pancreat Surg 

1999; 6:245-253. 
[40] Qin YS, Li ZS, Sun ZX et al. Endoscopic management of bi- 

liary complications after orthotopic liver transplantation. 

Hepatobiliary Pancreat Dis Int 2006; 5:39-42. 

[41] Zoepf T, Maldonado-Lopez EJ, Hilgard Pet al. Balloon dila- 

tation vs. balloon dilatation plus bile duct endoprostheses 

for treatment of anastomotic biliary strictures after liver 

transplantation. Liver Transpl 2006; 12:88-94. 

[42] Pascher A, Neuhaus P. Bile duct complications after liver 

transplantation. Transpl Int 2005; 18:627-642. 

[43] Tung BY, Kimmey MB. Biliary complications of orthotopic 

liver transplantation. Dig Dis 1999; 17:133-144. 

[44] Clavien PA, Camargo CA, Baillie L et al. Sphincter of Oddi 

dysfunction after liver transplantation. Dig Dis Sci 1995; 

40:73-74. 

[45] Douzdjian V, Abecassis MM, Johlin FC. Sphincter of Oddi 

dysfunction following liver transplantation. Screening by 

bedside manometry and definitive manometric evaluation. 

Dig D.is Sci 1994; 39:253-256. 



568 Chapter 45: Perioperative Complications 

45C. RECURRENT DISEASESAFTER 
LIVER TRANSPLANTATION 

G.C. Sotiropoulos, S. Beckebaum, G. Gerken 

Disease recurrence may occur in patients with viral he- 

patitis, tumor disease, autoimmune diseases, and cho- 

lestatic liver diseases. With universal recurrence of HCV 

in all replicative patients, hepatitis C continues to pose 

one of the greatest challenges for preventing disease 

progression in the allograft. 

45c.1. Recurrence of Hepatitis C 
in the AIIograft 

The influence of HCV infection on allograft histology is 

highly variable. The liver injury can vary from absent 

or mild disease despite high viral burden to cirrhosis 

in the allograft (approximately 25% of recipients) 

within 5 to 10 years of follow-up [1]. There are also pa- 

tients who clear the virus either spontaneously or with 

antiviral therapy, but still have progression of liver fi- 

brosis. After the diagnosis of cirrhosis, the decompen- 

sation risk [2] appears to be accelerated (17% and 42% 

at 6 and 12 months, respectively) and patient survival 

[3] is significantly decreased (66% and 30% at 1 and 5 

years, respectively). HCV associated allograft injury is 

the most common cause of both death (28-39%) and 

graft failure (42%-43%) among HCV infected recipients, 

and retransplantation is the last option for these patients 

in the context of increasing demands for OLT [4]. Se- 

veral studies have found that short- and medium-term 

patient and graft survival for HCV infected recipients 

are comparable to those for most other indications [5- 

6]. However, there are reports suggesting a greater re- 

lative risk of death and allograft failure in HCV positive 

recipients [7-8]. 

Several factors have been discussed that may acce- 

lerate HCV reinfection of the allograft (table 45c.1). 

There is insufficient data regarding the relationship bet- 

ween immunosuppressive agents and clinical expres- 

sion of HCV recurrence. TAC and CSA do not seem to 

be significantly different [9-12] with respect to their 

impact on histologically-diagnosed hepatitis C recur- 

rence (table 45c.2). Various studies have demonstrated 

that long-term treatment with corticosteroids, slowly 
tapered off over time, may prevent progression to se- 

vere forms of recurrent disease [13-15]. In contrast, the 

boluses of methylprednisolone (MP) used for acute 

rejection episodes are deleterious to the HCV-related 

graft survival. This may be related to the one log in- 

crease in the serum HCV levels after a pulse of MP over 

a 2 week period [16] and a possible cytopathic me- 

chanism of HCV-induced allograft injury in the context 

of higher levels of viremia [9]. 

Berenguer et al. [17] reported that induction with 

MMF is associated with more severe recurrence of 

HCV. Other investigators have found that MMF has no 

impact on patient survival, rejection, or rate of HCV 

recurrence in HCV-infected transplant recipients based 

on biochemical changes and histological findings [18]. 

A recent study showed significantly better patient 

survival and graft survival for HCV infected patients 

treated with MMF, TAC, and steroids than for patients 
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treated only with TAC and steroids, with 4-year patient 

survival rates of 79.5% vs. 73.8% and 4 year graft sur- 

vival rates of 74.9% vs. 69.5% [19]. Other studies have 
shown a positive effect of MMF in combination with 

CNI tapered for 24 months on fibrosis progression, graft 
inflammation, and alanine aminotransferase levels [20]. 
This may be due to the antifibrotic effects of MMF 

through an antiproliferative effect on myofibroblast- 
like cells. The role of HCV RNA levels in determining 

severity of HCV recurrence remains controversial [11] 

with the single exception of the well-established rela- 

tionship between very high viral loads and occurrence 
of cholestatic hepatitis. 

Histological evaluation of posttransplant chronic he- 

patitis C has to be performed with special attention to 

the different composite patterns of liver damage, becau- 
se the autoimmune hepatitis pattern might indicate the 
need for a more sustained immunosuppression. The 

presence of steatosis may identify patients with more 

predominant viral-induced graft failure who may profit 

from antiviral therapy. 

There is increasing evidence that IFN-alpha and ri- 

bavirin therapy may prevent the development of cirrho- 

sis, even in the absence of sustained viral response in a 

subset of patients. This treatment is however associa- 

ted with more side-effects and is far less effective than 

in the non-transplant setting. The most applicable treat- 
ment strategy is treatment of recurrence with pegyla- 
ted (PEG)-IFN-alpha and ribavirin, which results in a 

sustained viral response of 20-25%. We investigated 
the efficacy and safety of a treatment regimen inclu- 

ding standard IFN-alpha-2b (2 MU/day) during the first 
3 months, followed by PEG-IFN-alpha-2b administered 

subcutaneously at a dose of 1.5 mcg/kg once per week 
for the following 9 months. Ribavirin was administe- 
red concomitantly with IFN-alpha at a dose of 10-12 

mg/kg/day. At the end of treatment, viral response 
(EOTVR), biochemical response (EOTBR), and histolo- 
gical response (EOTHR) were detectable in 43%, 44%, 

and 31% of patients, respectively. A sustained viral 

response was achieved in 25% of patients. These data 

are comparable with results from various antiviral treat- 

ment studies in transplanted HCV patients reported in 
the literature [21]. 

45c.2. Recurrence of Hepatitis B 
in the AIIograft 

Hepatitis B immunoglobulin (HBIG) has been widely 

adopted as an effective treatment strategy against re- 

current HBV disease in posttransplant patients [22]. Po- 

tential adverse effects of HBIG are rare and include 
anaphylaxis, mercury toxicity, and transmission of blood 

borne infection. The HBIG dose regimen in most Euro- 

pean centers aims to maintain the trough anti-HBs titers 

above 100 IU/L. Subsequent dosing, which is based on 

a fixed dose regimen including the administration of 

10,000 IU HBIG intravenously (IV) during the anhepa- 

tic phase and 10,000 IU IV daily for the first week 

post-OLT followed by 10,000 IU IV monthly, has been 

used in various centers in the United States. Preventive 

HBIG monotherapy in posttransplant patients who are 
negative for hepatitis B envelope antigen (HbeAg) and 
HBV DNA is commonly associated with a low risk of 

recurrent HBV infection [23]. 

Immunosuppression and the anti-HBs-mediated im- 

mune pressure on HBV may culminate in the emergen- 

ce and/or selection of immune escape HBV mutants. 

Most escape mutations that influence hepatitis B surfa- 

ce antigen (HBsAg) recognition by anti-HBs antibodies 

are located in the second "a" determinant loop. Variants 
with exchanges of amino acid 144 in HBV genotype A 
and 145 in genotype D were found in posttransplant 
patients receiving long-term polyclonal anti-HBs im- 
munoprophylaxis [24]. A major concern of long-term 

LAM therapy is the emergence of mutations in the YMDD 
(tyrosine, methionine, aspartate, aspartate) motif of the 

DNA polymerase. About 70% of patients treated with 

LAM for 3 years develop B-domain L528M, C-domain 

M552I, or M552V mutations in the HBV polymerase 
region [25-26]. In the transplant setting, breakthrough 
infection has been found to occur more rapidly in up 

to 30% of patients within as little as 6 months of conti- 
nuous therapy [27-28] due to the development of drug 

resistance [29]. Excellent long-term results of HBIG/LAM 

combination therapy with a 2-year patient survival of 

94% has been reported by Steinmtiller et al. in HBV 

patients transplanted between 1997 and 2000 [23]. This 

strategy differs from our transplant center's strategy. 

We have found that HBV recurrence in patients who 

have seroconversion, gain of antibodies, and negative 

HBV DNA before and after transplantation, have an 



570 Chapter 45: Perioperative Complications 

extremely low risk for HBV recurrence under passive 

immunoprophylaxis. Thus, careful determination of the 
indication for LAM therapy is required in HBV recipients 

who do not display any evidence of viral replication 
before and after OLT. These patients receive HBIG 

monotherapy and undergo regular monitoring of viro- 

logical, biochemical, and histological parameters. Liver 

tissue assessment routinely includes immunohistoche- 

mistry and PCR using HBV-specific primers. HBIG the- 

rapy is individualized in our transplant center accor- 

ding to anti-HBs titers and aims to maintain trough le- 

vels above 100 IU/L. 

Resistance to LAM and HBIG may cause severe graft 
reinfection and progression to fulminant hepatic failu- 
re, due to fibrosing cholestatic hepatitis. Newer nu- 

cleoside analogues have been investigated for their an- 

tiviral potential against YMDD mutants and some of 

them may serve as a rescue treatment against LAM and 

HBIG-resistant viral strains. Several in vitro and in vivo 

studies have already confirmed that ADV has a potent 

antiviral efficiency against lamivudine-resistant strains 

[30-32]. The development of ADV resistance has been 

reported in 3% of patients after 2 years of therapy and 

in 18% after 4 years [33]. 
Schiff et al. reported on a study which included 131 

liver transplant patients with LAM resistance [34]. Treat- 
ment for 48 weeks resulted in a significant decline in 
HBV DNA levels by 4.4 log10 copies/mL. Data from an 

international, multicenter, double-blind, placebo-con- 

trolled, phase III clinical trial in patients with chronic 
HBV infection showed that 64% of patients exhibited 

significant improvement in liver histology after 48 
weeks of therapy with 10 mg of ADV. Treatment also 

resulted in a median HBV DNA reduction of 3.91 log 
10 copies/mL, and normalization of alanine aminotrans- 
ferase (ALT) levels occurred in 72% of patients, as 

compared to 29% in the placebo group [35]. Data from 

clinical studies with tenofovir (TNV) in HBV-infected 

patients are limited. Promising results have been obtai- 

ned in the transplant setting, which suggests that TNV 

may be another potential option for the treatment of 

patients with LAM-resistant strains. In contrast to ADV, 

elevations of serum creatinine have not been observed 

during TNV therapy. Thus, TNV may be of particular 
interest for those transplant patients who have pre-exi- 

sting progressive renal insufficiency due to nephroto- 

xicity of various immunosuppressive agents [36]. Ente- 

cavir was recently approved by the US Food and Drug 

Administration for the treatment of chronic hepatitis 
B, and it has been shown to be active against strains 
resistant to LAM and ADV. A large phase III study has 

demonstrated that HBeAg positive patients treated with 
entecavir at a dose of 0.5 mg for 48 weeks developed a 

more pronounced decrease in HBV DNA titer than tho- 

se with LAM therapy [37]. More results from multicen- 
ter studies are warranted in order to determine the ef- 

ficacy of entecavir in the liver transplant setting. 

45C.3. Recurrence of Cholestatic Liver 
Diseases and Autoimmune Hepatitis 

Data about the frequency of disease recurrence varies 

widely in the literature, but most investigators report 

recurrent PBC rates in up to one-third of patients at 10 

years [38-39]. Diagnosis of PBC in the transplanted 

liver is usually more challenging than diagnosis in the 

native liver. Immunoglobulin M and anti-mitochon- 

drial antibodies (AMA) often persist, and elevated cho- 

lestatic enzymes may be due to other causes of bile duct 
damage. Histology is usually required, and the dete- 
ction of granulomatous cholangitis is necessary for the 

diagnosis of recurrent PBC. 
Some investigators have found that CSA-based im- 

munosuppressive therapy is associated with lower re- 

currence rates as compared to TAC-based immunosup- 
pression [40-41]. There is not yet sufficient data about 

the impact of UDCA treatment after OLT on the rate of 
disease recurrence. Although matching is considered 
important for kidney transplantation, the significance 
of HLA testing for liver transplant patients has often 
been questioned. A study at the University of Pittsburg, 
on 3261 liver transplantation patients suggested that a 

mismatch between the donor and the recipient decrea- 

ses the risk of disease recurrence in PBC patients (re- 

suits were presented at the American Transplant Con- 

gress,.Transplant 2002, in Washington, DC). They found 

that 35% of patients with 2 HLA-DR matches had di- 

sease recurrence, as compared to 10% of PBC patients 

with only 1 match or complete mismatching. A similar 

tendency has been observed by Hashimoto et al. for 

LDLT recipients [42]. 
The reported recurrence rate for PSC after OLT ran- 

ges between 8.6% and 25% [43-44]. Histopathological 
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findings in PSC include fibrous cholangitis, fibro-obli- 

terative lesions, ductopenia, and biliary fibrosis. In a 
recent study at the Mayo clinic, recurrence of PSC was 

defined by strict cholangiographic and histological cri- 

teria in patients with PSC, in whom other causes of bi- 

le duct strictures were absent [44]. However, due to the 

lack of a histological gold standard, the diagnosis of 

PSC recurrence is based primarily on cholangiographic 

features. Seddon et al. investigated the clinical course 

of ulcerative colitis in recipients transplanted for PSC 

[45]. Interestingly, despite immunosuppression, signi- 
ficantly higher relapse rates and a significantly higher 
corticosteroids requirement were detected, with 20% 

of the patients becoming corticosteroid dependent 

after OLT [45]. Results from various studies have not 

revealed any differences in the overall patient survival 

or graft survival in patients with or without recurrent 

disease [43-44]. 

AIH recurrence has been reported in 10-35% of 

patients within a follow-up period of 5 years [46-47]. A 

long-term follow-up study (> 10 years) by a French 
group, found AIH recurrence in 41% of the patients. The 
authors recommended regular liver biopsies, because 

histological signs precede abnormal biochemical liver 
values in about one-fourth of patients [46]. The diagno- 

sis of recurrent AIH may include histological features, 

the presence of autoantibodies, and increased gamma- 

globulins. The majority of published studies did not 

confirm a posttransplantation prognostic role of anti- 

bodies in patients undergoing OLT for AIH. Confli- 

cting data exist regarding the presence of specific HLA 

antigens that predispose patients to AIH recurrence af- 
ter liver transplantation [47]. Histological signs of re- 
currence include interface hepatitis, lymphoplasmocy- 
tic infiltration, and/or lobular involvement. In an ana- 
lysis of data from 28 patients with AIH between 1987 

and 1999, Vogel et al. found a 5 year survival rate of 
78.2%, which was not significantly different from con- 
trois with genetic liver diseases [48]. Patients had more 

episodes of acute rejection though, in comparison to 
the control group. 

45C.4. Tumor Recurrence 

The results of early studies of OLT for HCC were dis- 

appointing. More than 60% of patients developed tu- 

mor recurrence within the first two transplant years 

[49-51]. Early studies reported 1-year survival rates of 

42-71% and 5-year survival rates of 20-45% [52-53]. 
Five-year survival data for HCC patients showed an 

increase from 25.3% in the late 1980s to 61.1% in the 

late 1990s [54]. Currently, there are 1-year survival 

rates up to 80%, 5-year survival rates up to 70%, and a 

recurrence rate of 10-15% in patients fulfilling the 

Milan criteria [54-55]. A transplant group from the 

Mount Sinai Hospital retrospectively analyzed the re- 

cords of 311 HCC patients transplanted between Sep- 
tember 1988 and September 2002 [56]. Of these patients, 
the 5 year survival was significantly lower for patients 

with recurrence (22%) compared to those without re- 

currence (64%). In an analysis of predictors of survival 

and tumor-free survival in a cohort of 155 OLT reci- 

pients, Zavaglia et al. found that the histological grade 

of differentiation and macroscopic vascular invasion 

are independent predictors of survival and tumor re- 

currence in patients receiving liver transplants for HCC 

[55]. 
In Asian countries, HCC has emerged as the most 

frequent indication for LDLT. A Japanese group inve- 

stigated the outcome of LDLT in 316 adult recipients 
with HCC [57]. When the Milan criteria were fulfilled, 

3-year patient survival and disease-free survival rates 

were 78.7% and 79.1%, respectively. In those who did 

not meet the Milan criteria, 3-year patient survival and 

disease-free survival rates were 60.4% and 52.6%, re- 

spectively. 

The transplant group of the Mount Sinai Hospital, 

who reviewed the data from 36 LDLT patients with 

HCC, performed follow-up investigations utilizing CT 
scan and AFP levels trimonthly over a time period of 2 
years [58]. Patients with tumor lesions > 5 cm under- 
went doxorubicin chemotherapy intraoperatively and 

every 3 weeks for 6 cycles posttransplant. Fifty-three 

percent of the patients were beyond the UNOS priority 
criteria. The 2-year patient survival and recurrence- 

free survival were 60% and 74%, respectively. Bilobu- 

lar distribution was the only significant multivariate 

risk factor for recurrence. Interestingly, although the 

tumor size exceeded 5 cm in one third of LDLT pa- 

tients, the incidence of recurrence, the recurrence-free 

survival rate, and the patient survival rate were compa- 

rable to patients who underwent deceased liver trans- 

plantation. Several groups have therefore argued that 



572 Chapter 45: Perioperative Complications 

an expansion of criteria for LDLT is justified in HCC 

patients [57-58]. Others argue that the concept of fast- 

tracking impedes the selection of tumors with unfavo- 

rable biology and poor outcome [59]. Furthermore, the- 

re is an ethical dilemma about whether deceased organ 

transplantation should be considered in LDLT reci- 

pients with primary non-functioning allograft. Novel 

molecular biology techniques, such as genotyping for 
HCC, may be relevant for determining recurrence-free 

survival. Further data from prospective trials are nee- 

ded to clarify the benefit of adjuvant treatments for 
these patient groups. 

CCC is an unfavorable indication for liver trans- 

plantation. The largest series of patients with intrahe- 

patic CCC was reported in the Data Analysis Booklet of 

the European Liver Transplant Registry, revealing 1 

year, 3 year, and 8 year survival rates of 58%, 38%, and 
23%, respectively [60]. Considering the limited donor 
organ availability and the clearly inferior outcome as 

compared to other indications, liver transplantation 
does not represent a suitable therapeutic approach for 

patients with CCC, except in a highly selected patient 

group with very early tumor stages. The Mayo Clinic 

protocol utilizing preoperative chemoirradiation and 

staging at laparotomy before proceeding to OLT might 

be applicable in selected cases and might improve out- 
come [61 ]. 

Metastatic lesions are a contraindication for OLT 

unless originating from neuroendocrine tumors (NET) 

[62-64]. These tumors may be hormone producing (pe- 
pride hormones or amines) or may present as nonfun- 
ctional tumors. They are characterized by slow growth 
and frequent metastasis to the liver, and their spread 

may be limited to the liver for protracted periods of 

time. Gastrointestinal carcinoid tumors represent the 
most common neuroendocrine tumors presenting with 

liver metastases. Five-year disease-free posttransplant 

survival rates of 24%-52% have been reported in litera- 

ture [65-66]. Rosenau et al. retrospectively analyzed by 

immunohistochemistry the expression of Ki67, E-cad- 

herin, and p53 in metastases of NET of the explanted 

livers [66]. They found that survival in patients with low 

Ki67 and regular E-cadherin staining was significantly 

better than in those with high Ki67 or aberrant E-cad- 

herin expression. Further studies will elucidate if these 

biomarkers are beneficial for prognostication of post- 

transplant long-term survival in this patient group. The 

currently available data in patients transplanted for 

NET is limited and ususally restricted to small numbers 

of patients, which suggests that liver transplantation 
should be considered only in highly selected cases. Cop- 

pa et al. found that patients were suitable transplant 

candidates at a younger age (< 50 years), if the primary 

tumor is located in the gastrointestinal tract, drained 
by the portal venous system, and has been completely 
removed (extrahepatic lymphadenectomy), and if the 
disease has been stable for at least 6 months during the 

pretransplantation period [66]. Long-term results from 

prospective studies are needed to elucidate how to se- 

lect patients with NET for OLT, to identify predictors 

for disease recurrence, and to determine the influence 

of the primary tumor site on patient posttransplant sur- 
vival. 

45C.5. Recurrent Alcohol Abuse after Liver 
Transplantation for Alcoholic Liver Disease 

Alcoholic liver disease has become a leading cause of 

liver transplantation and represents the second most 

frequent transplant indication in Europe and the Uni- 

ted States. Studies evaluating recurrent alcohol abuse 

have reported a mean incidence of relapse in one third 

of the patients ranging from 10% to 50% in up to 5 

years of follow-up [67]. The role of the length of pre- 

transplant abstinence as a predictor of posttransplant 
abstinence has been controversially discussed. Many 
studies have assessed possible risk factors for alcoholic 
relapse after liver transplantation. Perney et al. recen- 
tly identified the following factors as risks for recidi- 
vism: a shorter length of abstinence before OLT, more 

than one pretransplant alcohol withdrawal, alcohol de- 
pendence, alcohol abuse in first relatives, and younger 

age [68]. It has been reported that patients transplanted 

for alcoholic liver disease reveal more frequent bacte- 

rial infections but fewer episodes of acute cellular reje- 

ction than those with other indications [68]. Bellamy et 

al." have found that severe chronic alcohol consum- 

ption after liver transplantation significantly decreases 

the medium and long-term survival [69], and our expe- 

rience confirms this (unpublished data). Interestingly, 

Compliance with medication and follow-up visits has 

been reported to be comparable in patients with and 

without relapse [68]. 
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OUTCOME OF LIVER TRANSPLANTATION 
IN SPECIAL CATEGORIES OF PATIENS 

46.1. Outcome of Liver 
Transplantation in HIV Patients 

V. Cicinnati 

Recent data suggest an acceptable outcome in highly 

selected HIV patients [1]. Fung et al. propose that HIV 
patients with renal failure, advanced malnutrition, op- 
portunistic infections within the last 6 to 12 months, 

previous Kaposi's sarcoma, or JC polyoma viral infe- 
ction should be considered contraindicated for OLT 

[1]. Between July 1998 and October 2001, five HIV- 
infected patients underwent OLT because of HBV-, 
HBV + HDV-, or HCV-induced liver cirrhosis at our 

transplant center. Retrospective analysis of the data 

revealed that three of the five patients died due to graft 
failure [2]. Norris et al. compared data from HIV- 
positive patients coinfected with HCV (n = 7) to those 

with non-HCV-related liver diseases (n = 7). In the 
non-HCV group, all patients were alive; whereas 5 of 7 
HCV-coinfected patients died during a median follow- 
up of 1 year [3]. Vogel et al. retrospectively analyzed 
the data of 7 HIV-positive transplant recipients [4]. 

They found that the spectrum of postoperative compli- 
cations including the course of recurrent hepatitis C 
infection and rate of rejection was not different from 
that in HIV-negative patients, except in one with Kapo- 
si's sarcoma and multicentric Castleman's disease. 

46.2. Experiences with Liver 
Transplantation in Inherited 
Metabolic Liver Diseases 

V. Cicinnati 

OLT is regarded as an effective treatment strategy for 

patients with Wilson's disease. Transplantation leads to 

partial correction of the defective metabolism by 

converting the copper kinetics from a homozygous to 

a heterozygote phenotype, thus providing posttrans- 

plant an adequate increase of ceruloplasmin levels and 

a decrease of urinary copper excretion. Schilsky et al. 

retrospectively investigated the outcome of 55 trans- 

plant recipients at centers in Europe and the United 

States [5]. They found a 1-year survival rate of 79%. 

Four out of 7 patients who manifested neurological 

and/or psychiatric complications had improvement of 

theses symptoms posttransplant. Nonetheless, OLT for 

neurological Wilson's disease without severe hepatic 

disease does not seem to be justified, given the added 

risk of operative procedure, the uncertainty of impro- 

vement of neurological symptoms, and the potential 

long-term complications of immunosuppression. 

Alpha-l-antitrypsin deficiency is one of the most 

common genetic causes of liver disease in the world. 

Recent studies have suggested that a subgoup of PiZZ 

individuals are predisposed to liver damage, due to an 

insufficient degradation of mutant alpha 1-antitrypsin 

Z within the endoplasmatic reticulum [6]. A 1 year sur- 

vival rate of 73% for adults has been reported in litera- 

ture [7]. 
It has been shown that the survival of patients who 

undergo OLT for hereditary hemochromatosis is mar- 

kedly lower in comparison to other indications [8]. 

Data on 5180 liver transplant recipients from 37 trans- 

plant centers, compared to patients with hemochroma- 

tosis, revealed 1 year survival rates of 79.4% vs 69.2% 

and 5 year survival rates of 53.8% vs. 43.1% [9]. Similar 

findings have been obtained from the UNOS revealing 

1 year and 5 year survival rates of 69% and 55% in pa- 

tients with hereditary hemochromatosis and secondary 

iron overload, as compared to 75% and 61% in those 

without iron overload [8]. In hemochromatosis, pa- 

tients' metabolic defect resides in the small intestine; 

whereas, OLT cures metabolic defect in the liver. Con- 
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flicting and very limited data are available on recurrent  

iron deposi t ion in the liver. Nonetheless,  there is a 

need for careful monitor ing of patients with heredi tary 

hemochromatos is  in order  to de termine  whether  iron 

reaccumulates in the allograft. 

the option for living-liver donation,  and 3) the intro- 

duction of the MELD score. Newer  markers,  including 

serum leukocyte cell-derived chemotaxin-2 level, se- 

rum phosphate,  or cy tochrome C, have been proposed  

as complementa ry  tools for prognost icat ion of the out- 

come in AHF. 

46.3. Outcome after Liver 
Transplantation for Acute Hepatic 
Failure 

S. Beckebaum, V. Cicinnati 

Acute hepatic failure (AHF) accounts for up to 12% of 

liver transplant activity. The: most c o m m o n  causes of 

AHF include paracetamol overdose, idiosyncratic drugs 

(paracetamol,  isoniazid/rifampicin,  cumarins, ectasy, 

tricyclic antidepressants,  etc.), hepatitis B, seronegati- 

ve hepatitis, and pregnancy-rela ted syndromes.  In ad- 

dition, Budd-Chiari syndrome,  Wilson's disease, and in 

rare cases autoimmune disease may also present as AHF. 

Recent data revealed that survival in patients with AHF 

is inferior to that of recipients with nonacute indica- 

tions for OLT within the first year but comparable  in 

the long-term [10]. Early postoperative complications in 

patients transplanted for AHF include sepsis, multisy- 

stem organ failure, and pr imary graft failure. Serum 

creatinine concentrat ions above 200 mcmol /L  pre- 

transplant, non-white  recipient race, donor  body mass 

index > 35 and recipient age >50 years have been sug- 

gested as risk factors for post-transplant mortality [11]. 

A study correlating the causes of AHF and the trans- 

plant outcome has suggested that the best outcome is 

found in patients transplanted for Wilson's disease and 

the worst  outcome in those transplanted for idiosyn- 

cratic drug reactions. The..zesults in patients trans- 

planted for AHF have improved within the last decade, 

due to 1) the establishment of prognostic models such 
as the King's College criteria and the Clichy criteria, 2) 
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COMPUTER ASSISTED SURGERY PLANNING (CASP) 
IN ADULT-TO-ADULT LIVING DONOR LIVER 
TRAN S P LANTATI 0 N (ALD LT) 

A. Radtke, G.C. Sotiropoulos, M. Malag6 

47.1. Why DO We Need CASP? 

A successful adult live donor liver transplantation (ALDT) 

depends on many factors. However the risk of the o- 

peration is considerable and donor safety remains cen- 

tral to this difficult venture! The selection and imaging 

of the live liver donor candidates are paramount for a 

good outcome. 

4 7 . 1 . 1 .  C h a l l e n g e s  in D o n o r  S e l e c t i o n  

and E v a l u a t i o n  

Proper donor selection is probably the most critical 

aspect. The main goal of the evaluation process is to 

ensure the safety of the donor and provide the best 

quality graft for the recipient. Given that a live donor is 

a completely healthy person, there should not be any 

compromise in the acceptance of donor! Selection cri- 

teria vary around the world, but each program has pre- 
cisely defined guidelines, that include a complex step- 

wise work up, progressing from initial screening tests 

to more detailed investigations [1]. Nowadays CT and 

MRI imaging has been given preference [2-4]. An ap- 

propriate donor/recipient match is the secret to the 

safety of the donor and optimal result for the recipient. 

The graft size and its anatomical properties must be 

optimally adjusted according to the recipient's chara- 

cteristics, premorbid condition and especially the se- 

verity of his portal hypertension. Main reasons for do- 

nor refusal under these circumstances include: 

- inadequate liver biopsy and clinical parameters, 

- insufficient liver volume, 

and less common: 

- disadvantageous donor liver anatomy. 

The donor evaluation program in Essen follows a five- 

step process [5-6]. CASP, based on the all-in-one CT 

protocol [7], contributes initially to the second phase 

of our evaluation program and is crucial for determi- 

ning donor suitability by providing: 

- sufficient prediction of optimal or minimal functional 

graft/remnant masses, 

- detailed information on vascular/biliary liver anatomy. 

When the prospective donor candidate has been con- 

clusively accepted a detailed surgery plan using virtual 

3-D CT image-based computer assistance is formulated 

[8]. 

4 7 . 1 . 2 .  Pit fal ls  in Liver A n a t o m y  

One of the "weak points" in surgery planning for ALDLT 

is unquestionably the assessment of the anatomy of the 

graft. The vascular and biliary liver anatomy is known 

to be very irregular and characterised by a very high 

incidence of anatomical variations [1, 9]. Nearly each 

individual "hides" some kind of anatomic anomaly 

[10]. Anatomic variations of the biliary tract in particu- 

lar are of considerable significance in ALDLT and may 

lead to troublesome complications in both the donor 

and recipient. 

Although variations of the vascular or biliary anato- 

my may seldom represent a contraindication for dona- 

tion [1, 5], cases with bile duct anomalies, particularly 

when associated with multiple right arteries, demon- 

strate an increased risk of short and long term biliary 

complication. Thus, a precise knowledge of hilar ana- 
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tomy is crucial to a thorough strategy of hilar disse- 
ction, determining in advance the level of transection 
within the hilar plate, and eventually the art of vascular 
and biliary reconstructions. 

Preoperative imaging investigations should provide 
accurate detection of "complicate" anatomy in the do- 
nor liver, which would allow a safe surgical prepara- 
tion and parenchymal transection. In this respect, re- 
liable imaging is needed to depict donor candidates with 
multiple right hepatic ducts, rendering hilar dissection 
dangerous and biliary reconstruction precarious. Simi- 
larly, donors with a tiny main right hepatic artery in 
conjunction with an accessory right artery are at higher 
risk of arterial thrombosis or ischemic bile leakage in 
the ea r ly -and  anastomotic stricture in the later- post- 
operative period, particularly when an additional bile 
duct trifurcation is present [11]. Cases bearing these 
types of anatomical irregularities are best excluded 
from donation of right liver graft. 

4 7 . 1 . 3 .  E x c e p t i o n s  i n  P a t h o p h y s i o l o g y  

Essential features characterising ALDLT comprise the 
combination of two disadvantageous phenomena: 

- small for size-situation for both donor and recipient, 
- portal hypertension (PHTN) in the recipient. 

Central to ALDLT is the problem of small for size (SFS), 
exposing both donors and recipients to considerable 
risk! Splitting the liver into right and left hemilivers is 
closely associated with the potential risk of lethal SFS- 
injury for both donor and recipient. 

In order to prevent a postoperative liver failure, 
ALDLT has drastically changed the criteria of donor se- 
lection, leading to re-evaluation of our knowledge con- 
cerning adequate or at least minimum functional liver 
mass for an adult individual. 

The term small for size (SFS) first described by 

Emond et al [12] entails three diferent phenomena: 

- Small for size-situation. 
- Small for size-injury. 
- Small for size-syndrome. 

Small for size-situation signifies graft/remnant size smal- 
ler then that of the required liver weight usually calcu- 
lated as % SLV or GVBWR (Graft Volume Body Weight 
Ratio) [5, 13]. According to this definition, all live do- 
nor grafts in adult recipients and all remnant livers in 

the donors are SFS-livers. 

The biochemical features of SFS in blood tests in- 
clude: 

- c h o l e s t a s i s  with elevated conjugated (indirect) biliru- 
bin, 

- prolongated prothrombin time, 
- mild to moderate elevation of the aspartate transami- 

nase (AST) levels. 

The histological appearence of SFS is characterised by: 

- bilirubin plugs in line with cholestasis, 
- i s c h e m i a  with multifocal necrosis mixed with areas 

of regeneration, 
-hepat ic  artery thrombosis occurs secondary to these 

microscopic changes. 

Although the safety of the donor constitutes a major 
priority, clinical experience has demonstrated that a 
graft liver bearing the handicap of total devascularisa- 
tion, cold and warm ischemia and exposure to the im- 
balanced porto-arterial inflow due to portal hyperten- 
tion in the recipient, is much more prone to complica- 
tions and liver failure in the SFS-situaton than the rem- 
nant liver. 

Small for size injury denotes graft/remnant liver in- 
jury related to the SFS-situation independent of and in 
addition to the injury due to cold/warm ischemia. The 
SFS-injury probably arises from the constellation of 
more than one unfavorable condition such as: 

- reduced liver quality, 
- inadequate liver quality, 
- increased portal inflow and 
- impaired venous outflow. 

Portal hyperperfusion has proven to be the main me- 
chanism of SFS-injury with both experimental models 
[14] and independent clinical data supporting the theo- 
ry showing that excessive portal venous inflow is attri- 

butable to postoperative liver dysfunction and deterio- 

rated clinical course [15-16]. This occurs both directly 
and because of hemodynamic interactions between 
portal vein and hepatic artery flow [17]. The latter has 
been shown to be inversely related to both graft size 
and to portal/hepatic venous flow in SFS-grafts. 

Although portal venous pressure is considerably ele- 

vated in liver grafts of GWBWR (Graft Weight Body 
Weight Ratio) less than 0.8, additional donor and reci- 
pient factors may affect postoperative portal venous 
pressure irrespective of graft size. An increased risk of 
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graft/remnant liver dysfunction has been observed in 

fatty content of more than 30%. 

SFS-injury releases, at microscopic level, a combi- 

nation of pathological mechanisms as: 

- tissue injury, 

- exaggerated inflammatory response, 

- exacerbated acute rejection, 

- diminished synthetic function, 

- inhibited cell proliferation. 

A vicious pathogenic circle eventually determines the 

clinical outcome. A shear stress caused by increased 

portal inflow has been suggested as being responsible 

for the damage to the sinusoidal endothelial cells, col- 

lapse of the space of Disse and the sinusoidal conge- 

stion. These changes may subsequently be followed by: 

- hepatocyte and mitochondrial swelling, 

- hemorrhagic infiltrates, 

- centrolobular necroses, 

- intracellular cholestasis, 

- microcirculatory failure. 

Small for size syndrome (SFSS) is the clinical manife- 

station of SFS-injury by showing a combination of cli- 

nical symptoms which display a prolonged graft mal- 

function, resulting from too small a functional liver 

mass for a designated recipient or live liver donor. It is 

characterised by the appearance of: 

- early encephalopathy, 

- progressive intrahepatic cholestasis, 

- prolonged severe coagulopathy, 

- intractable ascites due to persistent portal hyperten- 
sion. 

Small for size graft or remnant livers display a transient 

SFS-situation in donor/recipient after ALDLT, t~at can 

progress in to the SFSS- usually an irreversible clinical 
condition. 

However, in the clinical situation symptoms of SFSS 

can be difficult to differentiate from postoperative 

complications associated with technical problems or 

septic complications. 

Interestingly, not every SFS graft or remnant liver 

fail! Therefore, liver size alone may not be responsible 

for the damage seen to the SFSS. Aside from the ade- 

quate functional liver mass (size, volume), and satis- 

fied liver quality, several other donor and recipient fa- 

ctors (donors age, and BMI, premorbid condition of 

recipient etc.) influence the graft/remnant functionali- 

ty. 
It is already well known that the increased metabo- 

lic demand on one side and a hyperdynamic state on 
the other encountered in recipients, suffering from ter- 
minal liver disease, require an appropriately sized graft! 
Increased metabolic demand on functionally SFS-grafts 
predisposes to surgical and septic complications and 
consequently poor outcome. Hence, when too small a 
liver graft is transplanted in a severely ill patient, a 
complex competitive mechanism of an increased me- 
tabolic demand together with stimulation of hepatocy- 
te proliferation expressing a hyperdynamic state will 
eventually lead to the critical symptoms of SFSS which 
having become irreversible then culminate in septic 
liver failure. 

These complex issues can be resolved with the ap- 
propriate approach. In order to overcome small for si- 
ze, several conceptual and technical modifications ha- 

ve been proposed: 

1. Choice of "extended" right grafts including MHV in 
order to provide an equally sufficient venous draina- 
ge in both posterior and anterior sectors [18]. 

2. "Large" venous outflow reconstruction by using ve- 
nous graft interposition to prevent occlusion at the 
outflow orifice by kinking or twisting caused by 
graft malposition [19]. 

3. "Dual" graft transplantation with the use of two left 
hemiliver grafts from two separate donors, in order 
to reduce the risk to the donor for SFS [20]. 

4. "Inflow modulation" procedures to reduce portal ve- 
nous pressure together with the resulting portal hy- 
perperfusion, as well as to protect the hepatic artery 
by choosing some specific flow manipulations as: li- 
gature of splenic artery or hemi-portocaval shunting, 
or portal vein "wrapping" (in certain cases combi- 
ned together) [21-23]. 

5. Temporary administration of hydrocortisone and 
prostaglandine E2 into the graft artery via catheter, 
within the first 2-4 weeks postoperatively, to pre- 
vent "early" arterial occlusion. 

Potential changes seen in SFS could be ameliorated by 
proper venous outflow or/and portosystemic shunting. 
Sufficient outflow seems to be key solution to releasing 
the porto-arterial imbalance in portal hypertention 
(PHTN) and preventing severe tissue congestion, 
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which is associated with loss of functional and regene- 
rative capacity leading eventually to graft/remnant 
liver failure. It was also found that a hemi-portocaval H 
shunt reduced portal pressures without decreasing 
overall blood flow to the liver. Thus, a temporary 
employment of partial portal decompression may also 
prove expedient in those recipients with severe portal 
hypertention receiving a SFS-graft. 

47.1.4. Surgical Problems in Donor 
Hepatectomy 

ALDLT led to re-evaluation of our concepts of liver par- 
tition, changing the approach to liver transection con- 
siderably! Only optimal grafts and unaffected remnant 
livers can provide adequate immediate function and 
rapid regeneration following the operation. 

The donor operation for an adult recipient involves 

either a right hepatectomy entailing resection of seg- 

ments V, VI, VII, and VIII or a left hepatectomy, invol- 

ving segments II, III, and IV with or without caudate 

lobe [24-27]. 

The decision on the choice of graft type depends on: 

- liver mass required for both recipients and donor, 
- avoiding potential risk to the donor. 

The kind of graft hepatecomy is dictated by the size of 
the donor and the intended recipient, but additionally 
by the individual metabolic demand expected in the 

recipient according to the severity of his illness and 
degree of portal hypertention (PHTN). The transection 
line for liver partition in the donor must be decided in 
keeping with the individual liver anatomy. 

The surgical technique is widely accepted as one of 
the most important factors to influence outcome in both 
the donor and recipient, underlining the need for me- 
ticulous handling. Central to graft hepatectomy, how- 

ever, is the exact course of the transection line, that 

always gives rise for justifiable concern. On one hand 

it has to follow the right/left porto-arterial (Pringle) de- 

marcation boundary, to avoid marginal necrosis with 

resulting serious biliary and septic complications, but 

on the other hand the liver partition has to respect the 

individual territorial liver anatomy and preserve MHV 

drainage in the medial sectors of either liver part (seg- 

ments IV, V, VIII). 
The "double dilemma" in determining the optimal 

transection line addresses: 

-d i lemma of the "hepatic vein dominance relationships", 

- dilemma of the territorial "MHV belonging pattern". 

The controversy surrounding the optimal line of transe- 

ction can be traced to the "discrepant" vascular liver 

anatomy consisting of a porto-arterial inflow pattern 

that divides the liver into two parts (Pringle-demarca- 

tion line), and a venous outflow provided by three main 

hepatic veins with their separate drainage territories. 

There is virtually a "competition" between the left 

and right hemiliver in relation to the middle hepatic 

vein. Although the MHV drains both liver parts, it can 

be preserved by only one of them when performing a 

transection. The territories drained by the middle he- 

patic vein constitute the most vulnerable areas in the 

graft and remnant livers. Any outflow impairment can 

be particularly detrimental in recipients with relatively 

small grafts and significant portal hypertension, in whom 

an underlying small-for-size situation can result at most 

in graft failure or at best lead to severe biliary and/or 

vascular complications [28-29]. 

Despite the extreme complexicity of the operation, 

which encounters many technical difficulties and de- 

mands exceptional operative tactics, graft procurement 

from a live donor for an adult recipient has become a 

widely established procedure. 

47.2. Conceptual Frame of CASP 

47.2.1. All-In-One Protocol of Multiphasic 
CT Scan 

Three-dimensional non-invasive imaging reconstruction 

is a multimodal process using modern imaging techni- 

ques. An excellent cross-sectional (2-D) image quality 
is the precondition for effective usage of 3-D visualisa- 

tion tools. A mandatory component is the use of thin- 

sliced, multi-detector row CT scanners, representing a 

comprehensive diagnostic tool, combining the advan- 

tage of non-invasiveness and detailed information, ob- 

tained by excellent image quality. 

Above all, a multiphasic CT scan has to provide suf- 

ficient contrast of the liver organ, especially in regard 

to the intrahepatic vascular and biliary tree, which al- 

lows for clear demarcation of the vascular structures from 

the surrounding parenchyma on the axial 2-D images. 

CT imaging, as originally published by Schroeder T. 
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et al. [2], is performed at our institution employing a 

16-row-Mult idetector-CT-Scanner (Sensationl 6®, Sie- 

mens, Germany) using the following parameters: kVp 

120, mAs 140-170, slice collimation 0.75 mm, feed/ro- 

tation 12 mm, and rotation time 0.5 sec. 

The CT protocol includes successive acquisition of 

three image sets of the liver and simultanous intrave- 

nous administration of a biliary agent to visualise the 

biliary anatomy. The first image set, outlining the bilia- 

ry system, is usually acquired 30 (+/-  5) minutes follo- 

wing intravenous short-infusion of 100 ml of a biliary 

contrast agent (Biliscopin6, Schering, Berlin, Germa- 

ny). To delineate the hepatic vasculature patients re- 

ceive 140ml of an iodinated contrast agent (Xenetix 

300 ®, Guerbet GmbH, Sulzbach, Germany). This is ad- 

ministered intravenously by an automated injector sy- 

stem (CT 9000, Liebel-Flarsheim, Cincinnati, OH, USA) 

at a rate of 4 ml/s. Automated bolus tracking with bo- 

lus detection at the level of the ascending aorta assures 

accurate timing of the arterial phase. For the display of 

portal and hepatic venous anatomy, third and fourth CT 

image sets are acquired effectively 10 and 40 seconds 

following the arterial one. Reconstruction increments are 

of 1 mm for the arterial and lmm for the venous scans. 

All-in-one CT protocol however, bears a potential 

risk to the donor, which must be balanced against the 

true benefits of this concept in each individual case. 

The troublesome disadvantages include: 

- exposure to ionizing radiation, 

- administration of considerable volumes of potential- 

ly nephrotoxic iodinated contrast agents, 

-possible  side effects associated with administration 
of the biliary contrast agent, ranging from mild and 

self-resolving symptoms to a lethal anaphylactic shock. 

In this respect, carefully obtained donor histories, as 

well as a confirmation of normal renal and hepatic fun- 

ction prior to the CT examination are mandatory. 

4 7 . 2 . 2 .  H e p a V i s i o n -  S o f t w a r e  A s s i s t a n t  

f o r  3 - D  I m a g e  A n a l y s i s  

We describe herein our experience of image-based 

computer assistance using a non-commercial software 

prototype HepaVision (MeVis, Bremen). The mathe- 

matical background for the MeVis software is based on 

studies by Zahlten et al. and Selle et al. [30]. 

HepaVision offers the combined option of a 3-D re- 

construction and a virtual simulation of the planned li- 

ver partition including visualisation of the Pringle de- 

marcation line. It comprises: 

- visualisation panel (3-D reconstruction, territorial map- 

ping), 

- calculation capacity (volumetry, risk analysis), 

- virtual 3-D simulation. 

Both the "visualisation" and "simulation" panels, used 

in conjunction, offer a comprehensive system portray- 

ing the "real intraoperative" situation. 

The visualisation panel not only encompasses a 3-D 

display of liver anatomy, but also allows for "territorial 

mapping" dependent on the individual vascular/biliary 

anatomy [8]. In combination with the volume calculat- 

ion, the surgeon is able to perform a "computed risk 

analysis" concentrating on the medial sectors (seg- 

ments: IV, V, VIII) with a special focus on the venous 

dominance relationship [32]. By using the simulation 

pannel, difficult operative steps, such as the hilar disse- 

ction and parenchyma, transection can be analysed 

and exactly planned preoperatively. 

The methodical steps of computed image analysis 

include: 

- segmentation of liver parenchyma, 

- segmentation/analysis of vascular/biliary systems, 

- final fusion of both steps. 

The use of mathematical models [30] enables the fu- 

sion of vascular analysis and liver segmentation results. 

All virtual data are managed by Intervention Planner - a 
special software module and can be displayed by a 

,~/. 

freely movable 3-D liver model; or superimposed on 

the axial 2-D CT slices. 

4 7 . 2 . 2 . 1 . 3 - D  Liver Model:  Visualisation 
o f  Liver  Parenchyma 

Visualisation of liver parenchyma is a main prerequisi- 

te for creating individual 3-D liver models. Three di- 

mensional reconstruction of the real liver shape and its 

surface was a pioneering invention and has become a 

benchmark for 3-D visualisation quality! HepaVision 

software provides great potential by utilising the seg- 

mented data acquired from venous phase CT images 

(fig. 47.1 a-b). 
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Fig. 47.2. Assessment of total liver volume (TLV). Liver contour was 
traced with a modified live-wire, semi-automated contour finding 
algorithm approach. The live-wire contour was obtained from ve- 
nous phase 3-mm slice, axial, 2-D CT images. 

Fig. 47.1. a-b: 3-D reconstruction of donor liver, cranial view (a), 
caudal view (b). 

Segmentation of the liver parenchyma represents a 
baseline step for both liver volume calculation and pre- 
operative liver partition simulation. It is performed with 

a modified live-wire approach, a semi-automated con- 
tour finding algorithm, allowing for the calculation of 

total liver volume (TLV). The live-wire contours are in- 

teractively determined on a slice of the axial 2-D-CT 

images, every 3 mm, and the contours of intermediate 

slices can be automatically interpolated and optimised, 

by software, yielding volumetric calculation in milili- 

tres (ml) (fig. 47.2). 

47 .2 .2 .2 .  Territorial Liver Mapping: 
"Intrahepatic" Volume Calculation 

HepaVision has definitively "opened the gate" to a 
completely new concept of territorial visualisation. 

The mathematical fusion of the respective vascular and 

parenchyma segmentation-data, allows for the automa- 

tic calculation of individual vascular territories as de- 

scribed by D. Selle et al. [30]. The software offers the 

3-D display of the portal venous segments (Couinaud 

segments: I-VIII) and their corresponding arterial, 

biliary, and hepatic venous territories (fig. 47.3-47.6 a- 

b). Additionally it enables the surgeon to obtain 3-D 

images of the subterritories belonging to the middle 

hepatic vein tributaries on each side ("fishbone" map), 

allowing for the prediction of venous outflow impaire- 

ment in both marginal zones following the "virtual" li- 

ver partition (fig. 47.7 a-b). Selle et al. [31] demonstr- 

ated with the aim of anatomical specimens, a signifi- 

cant concordance between "virtual" Couinaud seg- 

ments and "real" anatomical ones from liver casts. Al- 

though estimation of the volume of the individual seg- 

ments or "territories" is difficult, it represents an essen- 

tial part of planning the donor hepatectomy. 
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Fig. 47.3. a-b: 3-D reconstruction of Couinaud segments I-VIII, cranial view (a), caudal view (b). 

Fig. 47.4. a-b: 3-D reconstruction of hepatic artery territories, cranial view (a), caudal view (b). 

b 

Fig. 47.S. a-b: 3-D reconstruction of bile duct territories, cranial view (a), caudal view (b). 
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Fig. 47.6. a-b: 3-D reconstruction of hepatic venous territories, cranial view (a), caudal view (b), 
LHV (red). MHV (yellow), RHV (dark blue), caudate (purple). 

Fig. 47.7. a-b: 3-D reconstruction of MHV "fishbone" map, cranial view (a), caudal view (b), 
MHV 4a tributary (yellow), MHV 4b tributary (brown), MHV 8 tributary (green), MHV 5/6 tributary (cyan). 

4 7 . 2 . 2 . 3 . 3 - D  Vascular/Biliary Visualisation 

HepaVision offers a unique concept of "all in one" 3-D 

reconstruction of vascular and especially bile duct sy- 

stems (fig. 47.8 a-b-c). Thanks to this feature, it is an 

excellent tool for non-invasive image analysis aiding 

the preoperative donor selection and simplifying sur- 

gery planning. 

The technical challenges of "all in one" 3-D visua- 

lisation are: 

- high image quality, 

- precise image overlap. 

During the initial processing, all relevant structures 
(portal and hepatic venous system, hepatic artery, bi- 

liary system) are extracted from the image data. Intra- 

hepatic vessels are transformed into a hierarchical graph 
showing dependencies between branches and dire- 

ction of blood flow. Relevant branches of subtrees are 

assigned different colors during exploration of the 3- 

dimensional vascular/biliary graphs. An accurate 3-D 
imaging of the intrahilar anatomy is paramount to plan- 
ning the hilar dissection and determining the optimal 
transection line. Accurate entry into the segmental le- 

vel of the vascular systems and the biliary tract is es- 
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sential to the visualisation of liver territories and relia- 

ble estimation of their volumes. 
The use of registration alghorithms, as described by 

Preim et al. [32], enables the software to compile the 
acquired data in a single 3-D animation. The surgeon 
can display the vascular and biliary systems indepen- 

dently or simultaneously, allowing for an imaging over- 
lap of all systems (fig. 47.9 a-b-c), which is subsequen- 
tly verified in the "real" situation during surgery. 

47.2.2.4. Virtual Hepatectomy: Simulation 
in 3-D Liver  M o d e l  

Besides various kinds of volume calculation, virtual si- 
mulation is definitively a revolutionary tool offered to 
the surgeon for planning the donor operation. It has al- 

ready proved to be most useful in clinical employment 

for oncologic resections [33-35]. 
Utilising the segmentation data, HepaVision provi- 

des interactive generation of resection proposals, with 
ilustration of marginal zones along the simulated transe- 

ction line. 
Different virtual resection lines can be simulated on 

a 3-D liver model, which offers optional display of va- 
scular trees and territories. This 3-D visualisation not 
only allows for a better understanding of the liver ana- 
tomy, but also provides more precise and individuali- 
zed views than the classic 2-D mode. 

The volume of graft and remnant livers parenchy- 
ma is calculated separately for each liver partition pro- 
posal. In addition, the overlap of hepatic venous terri- 
tories with territories arising from the manually (sur- 
geon's line) and automatically defined (Pringle line) 
grafts and remnants can be calculated (fig. 47.10 a-b-c). 

Fig. 47.8. a-b-c: 3-D reconstruction of vascular and biliary systems, 
portal vein (a), bile duct (b), hepatic artery (c). 

47.3. Surgery Planning: Strategic Work Up 

ALDLT principally consists of two separate operations, 
donor hepatectomy and graft implantation, which are 
conceptually interrelated. This procedure is preferably 
conducted under elective conditions and must be plan- 
ned very thoroughly. Both donor and recipient must 

meet criteria of suitability for ALDLT and the risks to 
both must be taken into serious consideration, should 
there be any concern, they should be excluded. 

The main considerations during surgery planning 

for ALDLT entail: 
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Fig. 47.9. a-b-c: 3-D reconstruction of vascular and biliary systems 
in overlap, PV/BD (a), HA/BD (b), HA/PV (c). 

Fig. 47.10. a-b-c: 3-D reconstruction of PrJngle demarcation line 
and hepatic venous territories in overlap, Pringle hemilivers: right 
vs left (a), Pringle demarcation line vs. MHV territory (b), Pringle de- 
marcation line vs. MHV 4b sub-territory (c), right Pringle hemiliver 
(cyan), left Pringle hemiliver (purple), MHV Territory (yellow hat- 
ching), MHV 4b sub-territory (brown hatching). 
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-precise  prediction of the functional reserve volumes 
of both graft and remnant livers, 

-decision whether to use the right or left hemiliver as 

a graft, 
-decis ion whether to include the MHV with the graft 

or to retain it in the remnant liver, 
-decis ion on the appropriate venous outflow recon- 

struction in the graft. 

The computer assisted surgery planning offered by the 

HepaVision software makes this much needed infor- 

mation rapidly and clearly available to the surgeon. It 
represents an essential component of the preoperative 

evaluation strategy. 
While in the donor an insufficient functional volu- 

me in the remnant liver represents the main risk, there 
is a compromised perfusion of the graft in its "marginal 
zone" in the recipient, which can result in a fatal out- 

come. This may be attributed to an impaired arterial 

inflow or/and insufficient venous outflow [29]. Tissue 
congestion in the drainage territories of the MHV in 
the medial area of graft liver (segments V and VIII) can 

cause irreversible damage. Ischemia along the rese- 

ction margin due to inadequate arterial inflow can lead 
to tissue necrosis with the risk of biliary leak and lethal 
sepsis. 

47.3.1. 3D Hilar Vascular and Biliary Anatomy 
in the Donor Liver 

Postoperative vascular and biliary complications are 
extremely dangerous and can require retransplanta- 

tion! Thus, a clear understanding of the central (hilar) 
and peripheral (intrahepatic) anatomy is critical to suc- 
cess with this procedure. 

The hilar vascular and biliary anatomy should not 
hide variations, which could place the donor and the 
recipient at risk of serious complications. Therefore it 
must be precisely evaluated pre- and intraoperatively. 

In particular regard to recipients at high operative 
risk, who are critically ill or who receive relatively small 

grafts (SFS situation), additionally revealing unfavoura- 

ble anatomical variations, such constellations themsel- 

ves may considerably increase the risk of postoperati- 
ve complications leading eventually to a fatal outcome. 

"All in one" CT protocol provides a baseline for 3-D 

reconstruction images, which clearly depict potentially 

dangerous arterial, portal and biliary anomalies in the 

donor liver, thus minimizing the need for dissection 
close to the right and left bile ducts, enabling the entire 
left "hilar window" to be left undisturbed. 

Anatomical variations essential in right graft hepa- 

tectomy, addressed by 3-D imaging (fig. 47.11-47.16): 

- portal vein, and bile duct - trifurcations (fig. 47.11 a-b-c), 

- short branched right bile duct ("short neck BD") (fig. 

47.12 a-b), 
- right sided caudate bile duct, with "cross over" cour- 

se within the "right hilar window" (fig. 47.13 a-b-c), 
-accessory "segment IX" branch of the portal vein 

"crossing over" the transection line (fig. 47.14 a-b-c), 

- accessory hepatic arteries (fig. 47.15 a-b), 
-sectorial branch of the right hepatic artery "under- 

crossing" the right bile duct (fig. 47.16), 
- irregular segment IV branch arising from right hepa- 

tic artery. 

A special advantage of the 3-D visualisation, provided 

by HepaVision, has been noted in the evaluation of the 

biliary tract anatomy. More specifically, the second/ 

third-order branches (sectorial/segmental) can be ana- 

lysed by the software with high accuracy, definitively 
replacing the need for the intraoperative cholangiogra- 
phy at our institution. In most centres, intraoperative 
cholangiography is necessary for establishing the most 

appropriate site of division of the right or left hepatic 

duct to avoid multiple hepatic duct openings in the 

graft and injury to the bile duct confluence. 
Right liver grafts are known to have a higher inci- 

dence of vascular and biliary variants, than the left [36]. 

Multiple hepatic ducts have been found in 31% and 
irregular hepatic arteries in 23% of our patient cohort 
[8]. The combination of multiple right arteries and bile 
ducts is particularly detrimental, rendering arterial and 
biliary reconstructions risky. 

The vascular anatomy of segment IV in the remnant 
liver, when the right hepatic graft is donated may pro- 
ve challenging, as the arterial blood supply to the seg- 

ment can completely or partially arise from the right 

hepatic artery. Similiarly portal inflow of right liver 

grafts, which usually originates from the right main 

branch, can in cases with PV trifurcation (about 18% in 

our cohort) hide a sectorial branch arising from the left 

portal vein (fig. 47.17). 
Inadequate venous drainage of segment IV depri- 

ved of MHV 4a/b tributaries added to an impaired ar- 
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Fig. 47.12. a-b: 3-D reconstruction of right sided bile duct, with a 
"short neck" in the right hilar window, right caudal branch (dark 
purple). 

Fig. 47.11. a-b-c: 3-D reconstruction of hilar vascular/biliary varia- 
tions, cranial view, PV trifurcation (a), bile duct trifurcation (b), bile 
duct trifurcation in overlap with the "virtual" transection line (c). 

terial supply due to detachment of an irregular seg- 
ment IV branch from the right hepatic artery may result 
in atrophy of the segment or septic complications and 
biliary leakage in the donor. Therefore, careful preser- 
vation of the vasculature to segment IV is absolutely 
essential when performing right hemiliver graft procu- 
rement. The level of transection of the right HA and 
PV must be determined to accommodate the vascular 
anatomy of segment IV. 

Other major complications of right graft donation 
include early bile leakage and late bile duct stricture at 
the anastomotic site caused by tactical mistakes or 
technical errors, associated with an error judgement 
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Fig. 47.13. a-b-c: 3-D reconstruction of right sided caudate bile duct 
(dark purple), with "cross over" course within the "right hilar win- 
dow" in overlap with portal vein (a), selective view (b), in overlap 
with the "virtual" transection line (c). 

Fig. 47.14. a-b-c: 3-D reconstruction of accessory "segment IX" 
branch of the portal vein nearly "crossing over" the "virtual" transe- 
ction line (dark cyan) (a), in overlap with the bile duct (b), selective 
view (c). 
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Fig. 47.16. 3-D reconstruction of sectorial branch of the right he- 
patic artery (red) "overcrossing" the right portal vein and "un-der- 
crossing" the right bile duct, introperative view. 
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Fig. 47.15. a-b: 3-D reconstruction hepatic artery variations, repla- 
ced right- and left hepatic arteries (Michels type IV) (a), accessory 
left hepatic artery (Michels type II)(b). 

and/or handling of "difficult" anatomy, eventually re- 
suiting in microcirculatory derangement of the bile duct. 

Unquestionably, there is no situation more dange- 
rous than the occlusion of the hepatic artery in the ear- 
ly postoperative period. "Loss of artery" is nearly al- 
ways connected to "loss of graft" resulting in re-trans- 
plantation or death of the recipient! One of the most 
dangerous reasons for such a complication is the pre- 
sence of a tiny right hepatic artery in the donor with or 
without a concomitant accessory artery. In such cases a 
considerable lumen disparity at the anastomotic site 
may lead to the intima dissection injury caused by the 
blood stream, resulting in an irreparable long distant 

Fig. 47.17.3-D reconstruction of PV trifurcation in overlap with the 
"virtual" transection line, right posterior sectorial PV branch arising 
from the left main PV branch. 

occlusion extending deeply into the graft. HepaVision 
enables a precise analysis of the arterial properties in 
the donor liver by offering a combination of 3-D visua- 
lisation, depicting different anatomical anomalies, par- 
ticularly the presence of multiple right hepatic arteries 
and the possibility of measuring the artery diameter, 
pointing to a probable lumen disparity in the recipient. 

The superiority of CASP lies in an accurate mapping 
of the hilar anatomy in advance, with a special advan- 
tage of: 
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-enabling sufficient and safe exposure of portal vein 
and hepatic duct on the graft side (within the right 
hilar window), which requires minimal dissection 
"damage", 

- p r e v e n t i n g  inadvertent ligation of significant bran- 
ches supplying and draining the graft or remnant he- 
milivers, 

-determining the optimal level of portal venous and 
bile duct division within the hilar plate. 

Our strategy of stepwise hilar dissection for right graft 
hepatectomy entails: 

- initial cholecystectomy and exploration of the calot's 
triangle, 

- e x p o s i t i o n  of the right hepatic artery via cystic artery 
and its careful dissection proximally down to the bi- 
furcation site (a. hep. propria), and distally into the 
right sided hilar plate (sectorial branching site), 

- recognition of irregular segment IV branches (if pre- 
sent), arising from the right hepatic artery, which ha- 
ve to be carefully preserved, 

-careful dissection of the right portal vein alongside 
its right border, upwards into the right sided hilar 
plate, and exposition of the portal bifurcation site, 

- exposition and dissection of the right sided hilar pla- 
te by keeping away from the right portal vein and 
right hepatic artery, 

-preliminary assessment of bile duct anatomy by de- 
ploying a probe, preferentially via the cystic duct or 
alternatively through mini-choledochotomy, in order 
to intentify the bifurcation site, and the right bile 
duct course within the right sided hilar plate 

- d e f i n i t i v e  assessment (and confirmation of 3-D ima- 
ging reconstruction) of the vascular and biliary ana- 
tomy within the right hilar window including: 
• assessment of the length of the right bile duct 

(short vs. long neck BD), 
• analysis of the sectorial branching sites of the right 

portal vein, hepatic artery and bile duct and their 
overlap patterns, 

• recognition of the possible right or left caudate bile 
ducts, crossing over the intended (virtually simula- 
ted) transection line, 

-preliminary incision of the right sided caudate lobe 
within the right hilar window after the right lobe was 
mobilised from the IVC including detachment of the 
small caudate veins, dissection and looping of the 
RHV and IHV if present, 

-subsequently marking of the posterior boundary of 

parenchyma transection for the "hanging manoeu- 
vre", alongside the "skeletonized" IVC between the 
RHV confluence and the "caudate incisional-notch" 
within the right sided hilar plate, 

- d e t a c h m e n t  of the right sided hilar plate by under- 
passing it with a clamp, before parenchymal transa- 
ction in the hilus is undertaken, to avoid any trouble- 
some bleeding, which would preclude precise recog- 
nition of the course and the length of the right hepa- 
tic duct within the right sided hilar plate, 

- en block or stepwise division (preferably for bile duct 
trifurcation) of the right sided hilar plate including 
sharp division of right hepatic duct at the intended 
(virtually simulated) site, as follows: 
• upper border of the hilar plate, 
• only one right bile duct branch or separate anterior 

and posterior sectorial BD branches (BD trifurca- 

tion), 
• right sided caudate bile duct, crossing over the hi- 

lar plate, 
• lower border of the hilar plate at the site of "cau- 

date incisional-notch", 
- f i n a l l y ,  marking the transection line at the hilar sur- 

face of the liver, alongside the gallbladder fossa. 

It is always reasonable to break up the donor hepate- 
ctomy, if bile duct draining of the remnant liver were 
to be sacrificed to procure the graft or if division of the 
graft were to jeopardize the integrity of the common 
bile duct. 

47.3.2.  P r e o p e r a t i v e  Liver Volume Pred ic t ion :  
a New A p p r o a c h  

Size of the graft to be harvested is crucial to its fun- 
ction in both the recipient donor! The risk of graft loss 
increases with decreasing size [36]. 

To ensure a proper balance between liver regenera- 
tion and liver function the graft-volume-body weight- 

ratio (GVBWR) for the recipient should be nearly 1.0. 

Values below 0.8 GVBWR or a graft to standard liver 

volume ratio (%SLV) of less than 40%, both express a 

SFS-situation, being consistently featured by complica- 
ted and prolonged postoperative recovery, which can 

eventually lead to lethal SFSS [37]. The remnant liver 

should comprise at least 35-40% of donors SLV, or 
0.75-0.8 GVBWR [38]. Although uniform GVBWR or 
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%SLV cut off values for the donors are still not defined, 

it is generally believed that a remnant liver volume of 

30-35% of TLV and GVBWR of less than 0.7 is safe for 

donor survival. 

In view of the optimal liver quality provided by live 

donors, the liver volume itself has been used to define 

a minimum functional liver mass required to obtain sa- 

tisfactory outcome for the recipient and to predict the 

necessary volume to be retained in the remnant liver 

of the donor. 

Thus an accurate preoperative estimation of liver 

volumes represents a critical part of donor evaluation 

for ALDLT. 

2-D CT imaging has been the "current standard" for 

TLV and graft/remnant volume estimations [1] with the 

recent application of MRI protocols also showing a si- 

milar accuracy for liver-volume prediction [2-3]. How- 

ever, it is well known that computer systems mostly 

overestimate real volumes, showing error ratios of 5- 

36%, which can affect the concisely calculated functio- 

nal reserve for both graft and remnant livers. 

The challenge of accurate volume prediction for graft 

and remnant livers can lie in both the donor's indivi- 

dual characteristics, as well as the experience of the 

transplant team. 

The potential sources of inaccuracy in the compari- 

son of radiologically-derived volume assessment and 

the intraoperatively measured actual graft weight are 

multifactorial including various, as yet not fully under- 

stood, intrinsic and extrinsic factors: 

-volume of blood perfusing the liver during CT/MRI 

scanning, responsible for overestimation of the weight 

measured of the non perfused (exsanguinated) liver 

graft at the back table, 

-variable "compliance" of the liver in donors, depen- 

dant on many factors i.e. age, sex, fatty content etc, 

-1:1 conversion ratio for absolute liver weight (gm) 

and volume (ml) based on the experimental data that 

healthy liver parenchyma has almost the same tissue 

density as water, 

-established formulae for BSA-derived estimation of 

liver and graft/remnant weights not reliably adjusted 

to the characteristics of different races or local popu- 

lations, 

- individual patient characteristics, especially the seve- 

rity of recipient's ascites, fluid retention grade, and 

malnutritive condition, contributing to miscalcula- 

tions of GVBWR or %SLV values, 

-difficulty to exactly replicate the liver partition plan- 

ned preoperatively in the real in situ situation with- 

out the use of reproducible liver partition models, 

-phenomenon  of "mismatched" virtual transections 

and intraoperative surgical planes at the time of the 

donor hepatectomy, due to lack of anatomical land- 

marks, identifiable on 2-D scans. 

Our experience led us to establish an original strategy 

for graft - and remnant liver volume prediction. The 

Essen-modus, used for preoperative volume estimation, 

enables the transformation of the virtually simulated 

graft hepatectomy into a real in situ situation, mimi- 

cking the "bloodless" liver. The conceptual frame of 

this strategy allows for the calculation of total liver, 

graft -and remnant- volumes, based on the smallest 

CT phase, and in addition considers the intrahepatic 

vessel volume. It is widely known, that blood circula- 

ting in the intrahepatic vasculature at the time of ima- 

ging studies is associated with overestimations of graft- 

volumes when compared to actual graft weights mea- 

sured intra-operatively on exsanguinated grafts at the 

back table [ 13]. 

The accurate prediction of the transection line re- 

quires reproducible liver partition models and anato- 

mical landmarks, which can be easily identified. Can- 

tlie's line, the standard landmark at most transplant 

centres, is extremely difficult to follow, especially on 
2-D images. In contrast, the "carving" transection te- 

chnique along the plane of the MHV-developed by our 

group [28] can be easily followed, leaving its left-or 

right-sided border exposed on the transection surface 

of the graft. 

Our experience of HepaVision did not encounter 

any significant diversity in the predicted volumes when 

compared with the real values derived from the intra- 

operatively obtained graft weights. Thus we do not rou- 

tinely use any "conversion factors" to adjust our pre- 

operative virtual volume calculations. 

47.3.3. Computed Risk Analysis: 
A New Concept 

In ALDLT, donors and recipients are faced with an ine- 

vitable small-for-size situation (SFS), which may be ag- 
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gravated by graft/remnant swelling, expected early af- 

ter transplantation. 

Severe parenchyma congestion in the early post- 

operative course is attributable to some secondary loss 

of functional liver volume, which can lead to a functio- 

nal-small for size situation (f-SFS) with a potentially fa- 

tal outcome for either donor or recipient [28]. 

The areas most prone to congestion are the right 

and left medial sectors (Couinaud's segments V-VIII, 

and IV respectively). However, because of the indivi- 

dually variable donor/recipient characteristics, the lo- 

wer limit of graft and remnant size, in which a small- 

for-size syndrome (SFSS) can occur, is not clearly re- 

cognised. 

The expansion of LDLT from the pediatric to adult 

recipient populations has been associated with a need 

to obtain imaging methods, which provide both anato- 

mical and physiological information. The advent of 3- 

D reconstruction techniques has provided some of this 

valuable information. Several groups have already shown 

the advantage of CASP based on CT and MRI-imaging 

in surgery planning for ALDLT [35, 39]. 

Hepatic vein dominance relationships, drainage pat- 

terns, and anatomical variability must be carefully eva- 

luated in surgery planning. Preoperative knowledge of 

hepatic vein mapping is crucial when deciding whe- 

ther to reconstruct venous branches, in order to pre- 

vent compromise of the functional graft capacity. 

The decision making for the donor hepatectomy 

addresses the major question of whether the middle 

hepatic vein (MHV) should be taken with the graft or 

retained with the remnant liver. 

This constitutes one of the most difficult and pro- 

blematic issues in ALDLT, especially when right grafts 

are used. To determine the most optimal solution for 

the donor and recipient, it is necessary to: 

-def ine  the MHV drainage volume in the "marginal zo- 

nes" of both hemilivers, 

-compare the anatomical (transectional) and functio- 

nal (safely drained) graft/remnant hemiliver volumes. 

The "computed risk analysis" offered by HepaVision 

software, usefully assists in the surgical decision ma- 

king in both donor and recipient by addressing the as- 

pect of the individually adjusted MHV management ac- 

cording to the appropriate donor/recipient-match. 

HepaVision enables the surgeon to: 

- distinguish various types of venous drainage patterns, 

based on territorial mapping, by considering the high 

anatomical diversity, often encountered in the right 

hemiliver, 

-recognize the hepatic vein dominance relationships 

both in the whole liver and either hemiliver, 

-define the "territorial belonging"of MHV to the right 

or left liver parts, 

- predict the functional (rest) volumes with unaffected 

venous drainage for both graft and remnant hemili- 

vers, after the liver partition was simulated. 

This comprehensive information, originating from "com- 

puted risk analysis" and mainly focusing on the medial 

sectors in graft and remnant livers, allows for the de- 

finitive resolution of the dilemma of the MHV in surge- 

ry planning. 

47.3.3.1.  Hepatic Veins-  Territorial 
Dominance Relationship" New Definit ions 

ALDLT has contributed greatly to our understanding of 

territorial liver anatomy. 

The recognition of the individually variable venous 

dominance-relationship and MHV belonging-patterns 

is one of the major challenges in planning ALDLT and 

plays a key role in successful venous outflow manage- 

ment in both donor and recipient. 

Our experience shows that 3-D imaging reconstru- 

ctions, especially the territorial liver mapping, are a va- 

luable adjunct to the conventional 2-D imaging analy- 

sis, and provide useful assistance in surgical decision- 

making for right graft ALDLT. 

Although venous anatomy by itself is of great im- 

portance, a physiological complement is also an essen- 

tial component. Together, they constitute what we ha- 

ve defined as "venous dominance" [40]. Our initial ob- 

servations distinguished a marked variety of venous 

patterns associated with an even greater variety of li- 

ver volumes. This becomes especially prominent at the 

time when patterns of venous dominance are conside- 

red. 

In order to define the venous drainage pattern of the 

liver based on anatomical properties, and subsequently 

outline the venous outflow in either graft or remnant 

hemilivers we proposed two definitions, aimed at he- 

patic vein dominance relationhip and territorial belon- 

ging of MHV. 
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Fig. 47.18. a-b: 3-D reconstruction of total liver dominance definition (TLD), cranial view, dominant RHV (a), 
dominant MHV (b), RHV territory (blue), MHV territory (yellow), LHV territory (red). 

Total liver dominance (TLD) (fig. 4Z 18 a-b) 

According to this definition, the dominant hepatic vein 

territory (RHV, MHV, IHV, LHV) has the largest per- 

centage of total liver volume (TLV). 

Hemiliver dominance (HLD) (fig. 4Z 19 a-b-c-d) 

Based on this definition, the dominant hepatic vein ter- 
ritory in the hemiliver (HL) is the one with the largest 
percentage of right or left hemiliver volumes. 

Definition of  the MHV "territorial" belonging 
(fig. 4Z20 a-b-c-d) 

This definition assigns the MHV belonging pattern in 
accordance to the ratio RHV/MHV in the right hemili- 
ver, when compared to the ratio LHV/MHV in the left 
hemiliver. MHV belonging based on it is proportional 
volume contribution in the RHL and the LHL is assig- 
ned to the liver site with the smallest ratio. 

Both dominance definitions (TLD vs. HLD) over- 

lap, by providing independent mappings of the liver. 

Altogether, these definitions provide a helpful insight 

into venous dominance relationship, displaying the 

territorial belonging of MHV by taking into account the 

high individual RHV variability. 

Our experience has shown, that: 

-dominan t  RHV for the whole liver indicates that the 

RHV is also dominant in the right hemiliver, 
- MHV belongs predominantly to the left hemiliver, 

- r i g h t - s i d e d  MHV belonging is associated with high 

MHV volume drainage (up to 62% vol.) in the right 

hemiliver (fig. 47.21 a-b), 

- LHV is predominantly dominant in the left hemiliver, 

- MHV drainage volume in the left hemiliver is virtual- 

ly equal regardless of its belonging pattern (mean 

range of 8% vol.). 

Under these circumstances, the trend to include the 

MHV into the left hemiliver grafts or alternatively to 
reconstruct its left sided tributaries may be considered 

less dogmatic. 
When analyzing the volume data, we generally con- 

sider the RHV and the inferior hepatic veins (IHV) (if 

present) as a single territory. However, when single 
RHV has been regarded out of complex with IHV, a 

"latent conversion" can be frequently encountered (50% 

of cases) from left-sided MHV belonging to the right- 

sided MHV belonging pattern. 

Such findings highlight the necessity of MHV inclu- 

sion in the right graft unless the IHV is/are reconstru- 

cted in order to avoid congestive derangements. 

4 7 . 3 . 5 . 2 .  Hepatic Veins-  Territorial 
Dominance Relationship: New Classification 

The purpose of developing a new nomenclature to in- 

clude both anatomical and physiological attributes was 

to simplify the evaluation process of live donor candi- 
dates, and support the operation planning. 
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Fig. 47.19. a-b-c-d: 3-D reconstruction of hemiliver dominance definition (HLD), cranial view, right hemiliver (RHL): dominant RHV (a), 
dominant MHV (b), left hemiliver (LHL): dominant LHV (c), dominant MHV (d), RHV territory (blue), MHV territory (yellow), LHV territory (red). 

When evaluating 3-D reconstructions, we are espe- 

cially interested in the territorial hepatic venous anato- 

my, since vascular outflow, with its high degree of va- 

riability, is found to be equally or even more important 

than vascular inflow [21-22,28-29,42-43]. 

The assessment of the dominance relationships bet- 

ween the middle and right hepatic veins plays an es- 

sential role in planning right graft ALDLT. Our expe- 

rience however, had proven that it is often difficult for 

the surgeon to provide complete information without 

stating, for example, whether the inferior hepatic veins 

(if present) are considered independently or as part of 

the RHV territory. The presence of significant acces- 

sory (inferior) hepatic veins is crucial to a later recon- 

struction policy. 

Therefore, we proposed a combined anatomical 
and physiological classification of the various types of 

hepatic venous drainage patterns, in which venous do- 

minance, following the TLD-definition is given espe- 

cial consideration [41]. Although developed for live 

donor liver transplantation, the concepts proposed he- 

rein can also be successfully applied to non-transplant 

hepatic surgery 

Dominance classification of the hepatic venous sy- 

stem in the whole liver according to TLD: 

• 1 A: RHV dominant without anatomical IHV, 

• 1 B: RHV anatomically with IHV, 

• 1 Bx: RHV dominant together in complex with but 

not without IHV, 

• 1 By: RHV dominant both with and without IHV. 
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Fig. 47.20. a-b-c-d: 3-D reconstruction of territorial MHV belonging patterns, cranial view, right MHV belonger type (a+b), 
left MHV belonger type (c+d), RHV territory (blue), MHV territory (yellow + green), LHV territory (red). 

Fig. 47.21. a-b: 3-D reconstruction of a "territorial right belonger MHV type", cranial view (a), caudal view (b), huge MHV drainage territory in 
the right hemiliver (yellow), RHV territory (blue), left hemiliver (white). 
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Fig. 47.22. a-b: 3-D reconstruction of a dominant RHV/IHV complex 
- type 1Bx, that hides a "latently" dominant MHV - type 2Bx, if the 
inferior vein (IHV) is taken out of volume calculation, cranial view 
(a), caudal view (b), RHV territory (blue), MHV territory (yellow), IHV 
territory (green), left hemiliver (white). 

• 4 A: IHV dominant (when no anatomical RHV pre- 

sent), 

• 4 B: IHV dominant (when anatomical RHV present), 

• 5: other types. 

We formulated our classification with the aim of allo- 

wing for the delineation of venous dominance and of 

RHV variability. Subsequently, we attempted to aid the 

better organization and categorization of the variants 

encountered within the hepatic venous system. 

Our experience with 3-D liver mapping, show va- 

riations in hepatic vein dominance based on the pre- 

sence of IHV. A dominant RHV/IHV complex with a 

prominent IHV-type 1Bx is capable of hiding a "la- 

tently dominant" MHV-type 2Bx (in total liver: 89% 

cases; in right hemiliver: 56% cases respectively) (fig. 

47.22 a-b). According to this observation, in such cases 
the MHV belongs predominantly to the right hemiliver 

(78% of cases), and, given its greater dominance in the 
right hemiliver, should probably be included with the 

right hemiliver graft, when either its right sided tribu- 

taries are unsuitable for reconstruction or the IHV can- 

not be reconstructed. 

The information gained from the volume analysis 

allows us to state that: 

- r ight  hemiliver graft is principally drained by the 

RHV (mean 55% vol) (fig. 47.18 a, 47.23). However, 
there are frequently accessory IHV from the right 

hemiliver (52% of cases), that drain directly into IVC 
(mean 16% vol), augmenting outflow from RHV drai- 

nage territory (fig. 47.24 a-b), 

• 2 A: MHV dominant without anatomical IHV present, 
• 2 B: MHV dominant when anatomical IHV present. 
• 2 Bx: MHV dominant when RHV considered without 

IHV. 

• 2By: MHV dominant when RHV considered either 
with or without IHV, 

• 3 A: LHV dominant (when no anatomical IHV pre- 

sent), 

• 3 B: LHV dominant (when anatomical IHV present), 

• 3 Bx: LHV dominant when RHV considered without 
IHV, 

• 3 By: LHV dominant when RHV considered either 

with or without IHV, 

Fig. 47.23.3-D reconstruction of RHV versus MHV drainage territo- 
ries in the right hemiliver, cranial view (a), RHV territory (dark blue), 
MHV territory (yellow), left hemiliver (white). 
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Fig. 47.24. a-b: 3-D reconstruction of a RHV/IHV complex, that contains an accessory (inferior) vein (IHV) draining directly 
from lateral sector of the right hemiliver into ICV, cranial view (a), caudal view (b), RHV territory (blue), MHV territory (yellow), 

IHV territory (green), left hemiliver (white). 

Fig. 47.25. a-b: 3-D reconstruction of a RHV/IHV complex, that contains a huge accessory (inferior) vein (IHV), 
draining the lateral sector of the right hemiliver, cranial view (a), caudal view (b), RHV territory (dark blue), 

MHV territory (yellow), IHV territory (bright blue), left hemiliver (white). 

- IHV provides a mean 32% of venous drainage in the 

right lateral sector, and in some cases drains up to 

25% of the right medial sector irrespective of the PV 

anatomy. Such cases require IHV reconstruction to 

prevent severe tissue congestion in the right hemili- 

ver graft (fig. 47.25 a-b), 

-dominant  RHV without anatomical I H V -  type 1A 

clearly dominates the right hemiliver (100% of cases; 

mean 71% vol.), and assigns MHV belonging to the 

left hemiliver in 76% of cases (fig. 47.26 a-b-c-d), 

-dominant  RHV/IHV complex shows a strong domi- 

nance in the right hemiliver, including a dominant 

HV by i tself-  type 1By (fig. 47.27 a-b-c-d). Accor- 

ding to this observation, the MHV belongs to the left 

hemiliver (88% of cases) and its presence there is 

necessary to avoid venous congestion of the margi- 

nal zone (Couinaud's segments IVa/b), 

-dominant  MHV types 2A and 2By most often belong 

to the right hemiliver (67% of cases) and should be 

included with right hemiliver grafts to assure satisfa- 

ctory venous outflow in the marginal zone of the 

graft (fig. 47.28 a-d, 47.29 a-d), 
- drainage volume of dominant MHV types 2A and 2By 

in the right hemiliver grafts (mean 49% vol.), can so- 
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Fig. 47.26. a-b-c-d: 3-D reconstruction of a dominant RHV- type 1A, cranial view (a), caudal view (b), accompanied by a left MHV 
belonger type, cranial view (c), caudal view (d), RHV terr i tory (blue), MHV terr i tory (yellow), LHV terr i tory (red), caudate (purple), 

MHV drainage volume in the right hemiliver (yellow), MHV drainage volume in the left hemiliver (green). 

metimes significantly affect the venous outflow of the 

left hemiliver remnants (mean 41% vol.) (fig. 47.30 

a-d, 47.31 a-d). 

The overall incidence of hepatic vein types in our do- 

nor candidates, according to the proposed classifica- 

tion nomenclature, is given in the table 47.1. 

We believe that the classification we propose may 

provide a universally applicable standard, and can ulti- 

mately serve as a guide in the decision of whether  or 

not to include the MHV with right hemiliver grafts. 

4 7 . 3 . 3 . 3 .  Midd l e  Hepat ic  Vein - Terri tory:  

"Fish B o n e  Map" 

The territories drained by the MHV are vulnerable to 

* Types 1Bx/2Bx/3Bx represent the same donor cohort (n = 18) in- 
cluding: 1Bx: RHV is only dominant together in complex with IHV; 
2Bx: MHV is dominant when IHV was excluded from calculation; 
3Bx: LHV is dominant when IHV was excluded from calculation. 
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Fig. 47.27. a-b-c-d: 3-D reconstruction of a RHV/IHV complex- type 1 By, including a dominant RHV by itself, cranial view (a), caudal view (b), 
RHV territory (dark blue), MHV territory (yellow), IHV territory (bright blue), LHV territory (red). MHV mostly belongs to the left hemiliver 

(territorial left MHV belonger type) (c +d), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 

venous outflow congestion depending on the type of 

liver partition employed. They constitute the most sen- 

sitive areas in the graft and remnant livers, particularly 

in cases of severe portal hypertension and/or small- 

for-size situations [28-29]. 

Pivotal to our concept of "venous outflow prote- 

ction" is the finding of segmental congestion in the 

graft and remnant livers. In fact, many cases of graft 

loss can be attributed to unrecognized venous outflow 

dysfunction [28, 42]. In these cases, segmental or sub- 

segmental venous territories developed venous conge- 

stion and became functionally affected. 

HepaVision provides the surgeon with territorial li- 

ver mapping. On the basis of this comprehensive ima- 

ging information the surgeon can display the sub-terri- 

tories on each side of the middle hepatic vein belon- 

ging to its tributaries ("fishbone"map), and recognize 

the areas of venous congestion in both graft and rem- 

nant livers, after the liver partition was simulated (fig. 

47.32 a-b-c-d). The surgeon can subsequently decide 

on the inclusion of the MHV with graft or its retention 

in the remnant liver. 

By virtue of having the possibility of displaying eve- 

ry singular sub-territory of the MHV and subsequently 

overlapping it with the respective portal segment or 

sector, the surgeon can simulate a map of potential ve- 
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Fig. 47.28. a-b-c-d: 3-D reconstruction of a dominant MHV- type 2A (without anatomcal IHV present), cranial view (a), caudal view (b), RHV 
territory (blue), MHV territory (yellow), LHV territory (red), caudate (purple). MHV most often belongs to the right hemiliver (right MHV 
belonger type) (c+d), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 

nous outflow impairment and plan the appropriate re- 

construction of MHV tributaries in the graft in cases 

where the MHV was left on the remnant side. 

47.3.3.4. Marginal Zones (Segments IV, V, 
VlID: Problem of Venous Drainage Impairment 

Given the limited functional volumes of graft and rem- 

nant livers, vascular mapping and preservation of va- 

scular structures have acquired paramount importance 

in ALDLT. 

Of special interest to the surgeon planning live do- 

nor hepatectomy is the middle hepatic vein. The MHV 

is shared by both medial areas of liver, and, from expe- 
rience published in the literature, it is known that seg- 
ments IV, V and VIII are especially prone to venous 
outflow impairment [15, 18-19, 26, 28-29, 42-43]. Thus, 
of special consideration in surgery planning is the ade- 

quate venous drainage in the "marginal zones" of both 
hemilivers. 

The issue of how to cope with the middle hepatic 

vein remains controversial, particularly in right graft 

living donor liver transplantation [1, 24, 26, 28, 36, 42]. 

The virtual delineation of the marginal zones of both 

graft and remnant livers (Couinaud segments IV, V, VIII) 

enables the surgeon to evaluate and determine poten- 
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Fig. 47.29. a-b-c-d: 3-D reconstruction of a dominant MHV- type 2By (RHV considered either with or without anatomcal IHV), cranial view (a), 
caudal view (b), RHV territory (blue), MHV territory (yellow), LHV territory (red), caudate (purple). MHV most often belongs to the right 

hemiliver (right MHV belonger type) (c+d), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 

tial drainage impairments. The "virtual venous conge- 
stion" that we attempted to define in a virtual fashion, 

follows the clinical phenomena described separately 

by Lee et al [29] and Malagd et al [28]. Thus, in order 

to predict losses of functional liver volume, it is crucial 

to determine whether the MHV should be included 

with the graft or retained with the remnant. This is 

based on the assumption that, in a real situation, an 

inadequate venous drainage in the marginal zones of 

graft and/or remnant livers, would be associated with 

an additional loss of their functional capacity. 

HepaVision allows for the accurate conceptualiza- 

tion of the MHV management, individually adjusted to 

the actual donor/recipient characteristics, by means of 
3-D visualisation and territorial volume calculation of 

the MHV drainage hemi-territories in the marginal zo- 

nes of the graft and remnant hemilivers (fig. 47.33 a-b). 

The performance of the "Malago-manoeuvre" in vi- 

vo, in visualising the MHV/RHV territories in the right 

graft hemiliver (always before liver transection is car- 

ried out), greatly assists in deciding whether the MHV 

should be included, and whether IHV reconstruction 

should be performed. This permits the extrapolation of 

preoperative "virtual surgery" in the real in situ situa- 

tion. Thus, Malago-manoeuvre allows for clinical valida- 

tion of the "territorial venous mapping" derived from 
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Fig. 47.30. a-b-c-d: 3-D reconstruction of dominant MHV- type 2A, cranial view (a), caudal view (b), RHV territory (blue), MHV territory (yellow), 
LHV territory (red). In such cases MHV sometimes belongs to the left hemiliver (left MHV belonger type), and can drain a large volume 

of the left hemiliver, cranial view (c), caudal view (d), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 

the "computed risk analysis". On the other hand, this 

manoeuvre represents a simple method, that can be 

succesfully adopted in right graft hepatectomy without 

use of advanced and expensive computer technology. 

The background-hypothesis for "Malago-manoeuvre" 

is the assumption of "double" anatomical connections 

between the RHV and MHV branches, as first descri- 

bed by the Tokyo group [44]: 

- via shunt veins (horizontal rescue veins), 

- via PV branches (vertical rescue veins). 

The stepwise performance of the "Malago manoeuvre" 

in vivo entails. 

Step 1: right PV/HA clamped (always initially "to- 
tal" right sided Pringle manoeuvre perfor- 
med), 
RHV clamped, MHV open, 
No decolorisation in the right hemiliver be- 
cause of the total right sided inflow occlu- 
sion. 

Step 2: either right PV or HA clamped ("partial" right 
sided Pringle manoeuvre), RHV still clam- 
ped, MHV open. 

Step 2A: right PV clamped, HA open. 

"Slight" decolorisation of the RHV territory, 
since the "incomplete" (HA)-inflow is too 
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Fig. 47.31. a-b-c-d" 3-D reconstruction of dominant MHV-type 2By, cranial view (a), caudal view (b), RHV territory (blue), MHV territory (yellow), 
LHV terr i tory (red). In such cases MHV sometimes belongs to the left hemiliver (left MHV belonger type), and can drain a large volume 

of the left hemiliver, cranial view (c), caudal view (d), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 

low to produce a significant outflow conge- 
stion in the RHV drainage territory that has 

been sufficiently drained into the MHV via 

both Makuuchi- shunts and PV branches. 

Step 2B: right PV open, HA clamped. 

"Moderate" decolorisation of the RHV ter- 

ritory, due to the compensatory right sided 

PV-over-perfusion causing a breakdown of 

the vertical rescue veins into the MHV, and 

revealing some stronger decolorisation as 

when the right PV was clamped (step 2A). 
Step  3: right PV/HA open (right sided Pringle ma- 

noeuvre released), RHV still clamped, MHV 

open. "Strong" decolorisation in the RHV 
territory due to considerable congestion 
caused by the combined right sided PV/HA 
inflow, that consequently leads to recon- 
vertion of both the horizontal rescue veins 
(Makuuchi shunts) back into the RHV drai- 
nage system, additionally causing the verti- 
cal rescue veins (PV-branches) to fail. 

The conceptional difference between the "Malago-ma- 
noeuvre", which in vivo exactly replicates the virtually 
simulated boundary between the RHV and MHV drai- 
nage territories, and the originally proposed "Makuu- 
chi manoeuvre" [44], is delineated in the table 47.2. 
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Fig. 47.32. a-b-c-d- 3-D reconstruction of the MHV tributaries and their territo'r'ial map ("fishbone map") - MHV 4a sub-territory (a), 
MHV 4b sub-territory (b), MHV 5 subterritory (c), MHV 8 sub-territory (d). 

Fig. 47.33. a-b: 3-D reconstruction of the MHV drainage hemi-territories in the marginal zones of the graft and remnant hemilivers, 
cranial view (a), caudal view (b), MHV drainage in the right hemiliver (yellow), MHV drainage in the left hemiliver (green), 

RHV/IHV (blue), MHV (yellow), LHV (red). 
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After conducting liver transection, a mirrored "inver- 
ted-Malago manoeuvre" is usually performed, allowing 
confirming visualisation of the MHV territory in the 
marginal zone of the right hemiliver graft. This can be 

achieved by clamping the MHV confluence instead of 
RHV (as previously described) (fig. 47.33 a-b). 

The analysis of our volume data, derived from the 
computed risk analysis based on liver partition simula- 
tions has outlined the MHV drainage in the "marginal 
zone" of either hemilivers, considered as separate "he- 
mi-territories", that are drained by the right- and left- 
sided MHV- tributaries (fig. 47.34 a-b-c-d). The data 
show no significant differences between the right-si- 
ded vs. left-sided MHV hemi-territory, ranging from 
59-61% vol. vs. 39-41% vol. of the total-MHV territory. 

47 .3 .3 .5 .  A n a t o m i c a l  vs Func t iona l  
Graf t~Remnant  Vo lumes  

When the natural MHV drainage territory is divided at 

Fig. 47.34. a-b-c-d- 3-D reconstruction of the MHV drainage hemi-territories in the marginal zones of the graft and remnant hemilivers, 
"dominant" right sided MHV hemi-territory (a+b), "dominant" left sided MHV hemiterritory (c +d), MHV drainage 

in the right hemiliver (yellow), MHV drainage in the left hemiliver (green). 
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Fig. 47.35. a-b: Malago partition, 3-D reconstruction of the anatomical (resectional) graft/remnant hemiliver volumes, cranial view (a), caudal 
view (b), right graft hemiliver (green), left remnant hemiliver (brown), RHV (blue), LHV (red). 

Fig. 47.36. a-b: 3-D reconstruction of the functional (rest) graf t / remnant volumes, defined as the retained, 
intactly drained, liver parenchyma, cranial view (a), caudal view (b), right (rest) graft hemiliver (blue), 

left (rest) remnant hemiliver (red), RHV (blue), MHV (yellow), LHV (red). 

the time of liver partition, "marginal zones" of draina- 
ge are affected and the liver function capacity compro- 
mised. 

Usually, only anatomical (resectional) volumes are 

routinely assessed for surgery planning (fig. 47.35 a-b). 

However much more important for the graft and 

remnant livers is the prediction of the functional (rest) 

liver volume, defined as the retained, intactly drained, 

unaffected by venous congestion or insufficient blood 

supply (fig. 47.36 a-b). Should volumes fall below a 

critical value, there is a high risk of a potentially lethal 
organ failure. 

Venous congestion of part of the graft was found to 
be associated with physiological impairment of that 
area, potentially resulting in functional small-for-size 
syndrome (f-SFS), loss of graft and death of the reci- 

pient [28, 45]. Furthermore, a similar process could oc- 

cur in the donor, leading to even more distressing con- 
sequences. 

Thus, a precise knowledge of the "functional" volu- 

mes drained by the MHV and RHV is essential when 

planning the proper outflow reconstruction in right li- 
ver grafts. 

In order to compare anatomical and functional vo- 
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lumes for both graft and remnant livers, we calculate 
the functional (rest) hemiliver volume by subtracting 
the right- and left-sided MHV drainage volumes ("mar- 
ginal zones") from the anatomical right and left hemi- 

liver volumes (fig. 47.33 a-b). 
In order to translate these virtual data into the cli- 

nical situation we calculate initially anatomical-graft 
volume body weight ratio (a-GVBWR) based on the 
anatomical-(resectional)-hemLliver volumes and subse- 

quently compare them with their functional values (f- 
GVBWR), derived from the functional-(rest)-hemiliver 
volumes. 

Our "computed risk analysis" has shown that by fol- 
lowing "virtual liver partition", a mean MHV volume 
drainage in the right- and left-hemilivers of 30-31% 
and 38-39% respectively can be expected. This invol- 
ves some potential additional loss of drainage volume, 
contributed by the right- and left sided MHV tributa- 

ries and the subsequent decrease of the right- and left- 
hemiliver volumes. As a consequence, a further signifi- 
cant decrease in functional-GVBW- versus anatomical- 

GVBW-ratios can be expected for both right graft and 

left remnant hemilivers (table 47.3). 

4 7 . 3 . 4 .  D o n o r  H e p a t e c t o m y :  E s s e n  C o n c e p t  

The "individual-graft-choice" policy, closely adjusted 
to the actual donor/recipient characteristics, and parti- 
cularly aimed at the optimal donor/recipient match, is 

given overall preference at our institution. 
A detailed analysis of graft failures due to small-for- 

size syndrome (SSFS) in our first recipients prompted 
us to implement newer computed technology in surge- 
ry planning. 

The conceptual frame of our own policy for donor 
evaluation and surgery planning in the preparation of 
ALDLT is based on virtual 3-D CT image-derived com- 

puter assistance (CASP). 

The "core" of HepaVision software-assistance is the 

"virtual risk analysis", mainly addressing the aspects of 

the appropriate liver transection and the individually 

adjusted MHV management at the donor hepatectomy. 

Our experience, which included a "learning curve", 
led us to establish an original strategy together with a 

new surgical technique ("carving technique") for graft 

hepatectomy in conjunction with a new concept of ve- 

nous outflow management in the graft ("blanket te- 

chnique") [ 10, 19, 28]. 
Considering donor safety is a major priority and, 

given the fact of high graft vulnerability for SFS injury, 

the following aspects are central to surgery planning 

for right graft hepatectomy in the live donor: 

- sufficient anatomical and functional volumes of graft 

and remnant livers are required, 

- donor candidates revealing disadvantageous vascular/ 

biliary anatomy should be depicted and, if in any doubt, 

best excluded from donation of right liver graft, 

- M H V  drainage territory in the "marginal zones" of 

both hemilivers must be estimated and offset against 

territories drained via RHV and LHV respectively. This 

allows for assessment of volume at risk for conge- 

stion in both the graft and remnant livers and their 

functional (rest) volumes, 

- c o n s e q u e n t l y  the hepatic vein dominance relation- 

ship and the "territorial" MHV belonging pattern in 

the donor liver must be identified before deciding 

whether to include the MHV with the graft or retain 
it with the remnant liver. This "virtual" data must be 

subsequently related to the donor/recipients-GVBWR, 

and matched with the severity of recipient morbid 

condition, especially the degree of his portal hyper- 

tension, 
- M H V  tributaries on the graft side must be analysed 

for their potential amenability to reconstruction if 

the MHV is to be retained with the remnant liver, 

- finally MHV 4A/8 tributaries and their drainage volu- 

mes must be analysed for the sake of their proper 

procurement and the most optimal reconstruction in 

the graft. 

Our stepwise "virtual" pre- and intra-operative work 

up for right graft hepatectomy in the live donor entails: 

3-D visualisation: 
- intrahilar vascular and biliary anatomy, 
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- topographic anatomy ("fish bone") of MHV tributa- 

ries: MHV 8 vs. MHV 4A and MHV 5 vs. MHV 4B, 
- t o p o g r a p h i c  anatomy of umbilical vein tributaries: 

LHV 4A vs. MHV 4A and LHV 4B vs MHV 4B: 

- a n a t o m i c a l  MHV position in relation to the "virtual" 

Pringle demarcation line, 

- ana tomy  of accessory (inferior) hepatic veins ("seg- 

mental belonging", size). 

Volume calculation: 

- total liver volume (TLV), 

- " a n a t o m i c a l "  (resectional) right- vs left-hemiliver vo- 
lumes, 

- intrahepatic vessel volume, 

- PV (Couinaud) segments, 

- HV drainage territories, 

- M H V  hemi-territories (right sided-MHV vs left si- 

ded-MHV in "marginal zones"), 

-MHV sub-territories belonging to the separate MHV 

tributaries ("fish bone map"). 

Computed risk analysis: 
- HV dominance relationships (TLD vs. HLD), 

- "territorial" MHV belonging patterns, 

- " f u n c t i o n a l "  (safely drained) right- vs. left-hemiliver 

volumes. 

Simulation in 3-D liver model: 

- " v i r t u a l "  Pringle demarcation line, 

- HV territorial mapping, 

- MHV- "fish bone map", 

- M H V  drainage territories in both "marginal zones" 

("virtual Malago manoeuvre"), 

- liver partition -"virtual" carving line. 

4 7 . 3 . 4 . 1 .  Right Hemiliver Graft Including MHV: 
Advantageous and Therefore Preferential 

The decision making for ALDLT addresses the main 

question of the type of graft to be chosen, while the 

MHV procurement remains a major point of controver- 

sy in ALDLT! 

The right liver graft retrieval in the live donor is 

conceptually performed in two different ways: with 

the inclusion of MHV or without. If the MHV is retained 

with the left remnant liver, either MHV tributary VS/ 

V8 draining the "marginal zone" (medial area) of the 

graft may or may not be reconstructed. The debate on 

the need to include the MHV in the right liver graft has 

been ongoing since the inception of ALDLT and to 

whether the middle hepatic vein should be procured 

with the graft or retained in the remnant liver remains 

controversial [1,18,20 24,26,28,38,42]. 

Advocates for the MHV inclusion with the right 

liver graft emphasize the particular graft vulnerability 

and argue that: 

- M H V  is indispensable for the sufficient drainage in 

the medial area of the graft (segments: V, VIII) and 

thus deprivation of the MHV would lead to graft con- 

gestion - giving rise to portal hyper-perfusion, due to 

persistent portal hypertention, an increase in porto- 

arterial imbalance, resulting in "reversed" drainage of 

hepatic artery via the portal vein in the medial se- 

ctor (vertical rescue shunts), and excessive blood flow 

into the lateral sector, causing serious graft damage 

in both sectors and finally resulting in SFS syndrome 

(SFSS). 

Advocates for retaining the MHV with the left liver 

remnant argue for increased donor safety and state that: 

- c o l l a t e r a l s  are present via Makuuchi-shunts (horizon- 

tal rescue veins) between MHV and RHV branches 

reducing the danger of serious graft congestion. 

However, it is unclear if and when donor and recipient 

develop sufficient collateral venous drainage via shunts 

("rescue circulation") between RHV, MHV, and LHV, 

since the small collaterals (if present) usually open 

with delay, having individually variable patterns [46]. 

Although the drainage reconstruction in the "margi- 

nal zone", drained by the middle hepatic vein when a 

right liver graft is harvested, has been addressed by 

many groups, there is, as yet, no universally accepted 

policy [1, 24, 42]. 

Studies with postoperative CT or MRI controls show 

that the degree of venous congestion, measured in the 

medial sector of the graft, when the MHV is absent is 

not negligible and cases of ruptured right liver grafts 

have been reported [28,43]. 

According to our data, the MHV is unequivocally 

beneficial for the right liver graft, and the left remnant 

liver is most often not handicapped by its absence [8, 

10, 28, 40]. Thus, the majority of living donor grafts 

donated to adult recipients at our institution are right 
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hemilivers including middle hepatic vein. Our expe- 

rience shows that in such cases the functionally unaffe- 

cted volume of harvested liver parenchyma is usually 

consistent with the recipients needs and the amount of 

functionally unrestricted remnant liver retained in the 

donors is enough to assure an uncomplicated postope- 

rative recovery. 

On this base, our centre adopted a flexible policy of 

performing right liver graft donation: with and without 

MHV depending on the individual donor/recipient 

match. Apart from the severity of the recipient's clini- 

cal condition, the degree of portal hypertension also 

plays an essential role in the decision. We have already 

learned that appropriate venous drainage is essential, 

particularly if graft-GVBWR is marginal or if the reci- 

pient has severe portal hypertension. 

Our criteria for harvesting or retaining MHV in the 

remnant liver entail: 

- intrinsic donor liver characteristics: 

• hilar (vascular/biliary) anatomy (right artery size, 

multiple right bile ducts etc), 

• territorial liver anatomy (HV dominance relation- 

ship, MHV belonging pattern, functional-rest-hemi- 

liver volumes), 

- r e c i p i e n t ' s  clinical condition, especially the severity 

of PHNT), 

- individual donor/recipient anatomical and functional 

GVBWR's. 

The conceptual differences in the decision making for 

MHV inclusion with the right liver graft based on CASP, 

between Essen- and Kyoto- programs [36], have been 

delineated in the table 47.4. 

The use of HepaVision software is able to: 

- determine two different types of right hemiliver grafts 

based on the pattern of venous drainage RHV domi- 

nant graft vs MHV dominant graft - providing respe- 

ctively the largest percentage of parenchymal draina- 

ge in the graft and remnant hemilivers, 

- recognize two different MHV belonging patterns: left 

versus right belonger types based on their proportio- 

nal volume contribution in the right and the left he- 

miliver, 

-visualize the "marginal zones" in both graft and rem- 

nant hemilivers (segments-IV, V, and VIII), revealing 

potential drainage impairments and consequently 

predicting "additional loss" of the functional volume 

dependent on whether the MHV is included with the 

graft or retained with the remnant, 

determine the significance of accessory hepatic veins 

(if present) on the base of territorial venous mapping. 

Our decision on MHV management (inclusion/reten- 

tion) is always based on the "computed risk analysis", 

that enables estimation of the virtual "functional" volu- 

mes of both graft and remnant hemilivers. Subsequen- 

tly virtual "functional"-GVBW-ratios of graft and rem- 

nant livers are calculated. They portray potential volu- 

me restrictions associated with anticipated venous con- 

gestion of the marginal zones (segments IV, V, VIII) ex- 
pected postoperatively. This comprehensive informa- 
tion in regard to the "virtual" liver graft must be subse- 

quently adjusted to the intrinsic donor liver characteri- 

stics, especially the hilar vascular/biliary anatomy, as 

well as to the recipient's morbid condition, particularly 

take into consideration the severity of his portal hyper- 

tension with the resulting portal hyper-perfusion in the 

transplanted graft. However a "functional"-GVBWR for 

recipients in our series did not underscore 0.8, whe- 

reas a "functional"-GVBWR of 0.6 in the donor repre- 

sented a cut-off value for us in this decision making. 

The assumption that the removal of less tissue from 

the donor provides more safety for the donor proved 

to be unfounded. Healthy donors can compensate an 

extended right hepatectomy, providing it is performed 

with limited surgical trauma and without exposition to 
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Fig. 47.37. a-b: Cantlie partition, 3-D reconstruction, cranial view (a), caudal view (b), right graft hemiliver (green), 
left remnant hemiliver (brown), RHV (blue), LHV (red). 

the effects of portal hypertension during the post-ope- 

rative recovery. 
In our experience left graft donation, involving re- 

trieval of segments II, III, IV with or without segment 

I, is suitable for adolescent and small recipients (under 

60 kg), but is usually inadequate for adult recipients. In 
such cases MHV has always been included in the graft. 

The choice of right liver graft including MHV seems 

in our opinion to be the most appropriate and conve- 

nient concept for preventing SFSS in the recipient, 

even if bearing some increased risk for the donor. Fur- 
ther clinical trials will show which type of graft can ha- 
ve the best outcome for both recipients and donors. 

47 .3 .4 .2 .  "Carving Technique" a N e w  Liver 
Partition P h i l o s o p h y :  O u t f l o w  Oriented 

The liver partition is performed by a variety of techni- 
ques, thus, the transection line differs according to the 
liver partition type. 

The liver transection line is the "holy plane" and re- 
quires upmost attention during the graft hepatectomy. 
It must be determined by complying with the main 

principle: "do not pass into segments". If trespassing 

the segmental boundaries whilst performing a liver par- 

tition, marginal necroses can result on the transection 

surface of either hemilivers, eventually leading to seve- 

re septic or biliary complications. 

On the other hand, it is well known, that even mi- 

nimal modifications of the transection line can drasti- 

cally change the outcome of donor and recipients, due 

to venous congestion in the marginal zones (medial 

areas) of graft and remnant livers, drained by the MHV 

branches, particularly in the setting of portal hyper- 

perfusion and/or SFS-situation. Therefore the exact 

course of transection line must be analysed and plan- 

ned individually, taking into account the intra- end ex- 

tra donor hepatic anatomy. 

Our strategy of "carving transection", based on the 

concept of right liver graft including MHV, is an alter- 

native approach to the established world wide "Cant- 

lie" method. 

The Cantlie partition (fig. 47.37 a-b) is mainly "in- 

flow oriented" by tracing the Pringle demarcation 

boundary and follows the "vascular ablation" principle. 

The Cantlie's plane of division is eventually traced by 

an imaginary line linking the gallbladder fossa to the 

confluence of the inferior vena cava (IVC). This transe- 

ction entails the incidental detachment of tributaries 

on both sides of the MHV. In such cases, the MHV sub- 

territories can develop venous congestion and become 

functionally impaired. The rationale for implementing 

the "Cantlie line" in standard liver surgery was proba- 

bly based on the fear of damaging the MHV and cau- 

sing severe bleeding. This approach keeps the surgeon 

away from the middle hepatic vein during the liver 

transection, and has been widely established for tumor 

resections when one part of the liver can be sacrificed 

and discarded. 
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The Malagd partition (fig. 47.35 a-b) on the other 

hand, is based on the "suprahepatic" approach, and is 

both inflow and drainage oriented. It is focused on the 
need to preserve an adequate venous outflow in the 
marginal areas of both right and left hemilivers while 
maintaining a secure inflow. The "carving technique", 

that follows the exact course of the MHV trunk, ena- 

bles the preservation of small tributaries in both the 

graft and remnant hemilivers by means of their control- 

led transection, especially those of the contralateral 

marginal zone in the remnant. Sub-territorial microveins 

constituting "rescue circulations" are thought to play a 

bridging role in draining the marginal zones near the 

resection surface early after ALDLT, until venous shunts 

between the MHV and LHV or RHV spontaneously open 
[44, 46]. 

The conceptual differences in the liver partition for 
right graft hepatectomy, by following the "Malago"- 

versus "Cantlie"-lines, have been delineated in the ta- 

ble 47.5. 

When comparing the anatomical and physiological 

chacteristics of venous drainage in the right hemiliver 

graft, the Cantlie partition is associated with devascu- 

larization of the marginal zone of the graft and rem- 

nant livers. This leads to a subsequent loss of drainage 
volume contributed by the MHV tributaries, as well as 
up to a mean 31% decrease of the right hemiliver graft 
volume (fig. 47.38 a). As a consequence, there is a sig- 
nificant decrease in functional-GVBW-versus anatomi- 

cal-GVBW-ratios for right hemiliver graft with this par- 

tition type. In the Malagd partition the MHV is princi- 

pally included with the graft to ensure intact drainage 
of its medial area. Thence, the anatomical right hemili- 

ver graft volume is identical to its functional equivalent 

(fig. 47.38 b). 
The findings seem to suggest that given similar pa- 

renchymal volumes, the improved outflow obtained by 
including the MHV with the right hemiliver graft would 
improve recipient outcome without incurring additio- 
nal risks to the donor. In such instances, the Malagd 

transection technique may provide a safer approach. 

Fig. 47.38. a-b: 3-D reconstruction of the functional (rest) graft /remnant volumes, defined as the retained, 
intactly drained, liver parenchyma, cranial view (a), caudal view (b), right (rest) graft hemiliver (blue), 

left (rest) remnant hemiliver (red), RHV (blue), MHV (yellow), LHV (red). 
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Another superiority of the "carving" transection con- 

cept in the clinical application is the potentiality of pre- 

cise transformation from "virtual" surgery to the "real" 

in situ situation, thanks to excellently reproducible 

landmarks. This is particularly beneficial to: 

- prediction of graft/remnant volumes, 

- decision-making on MHV procurement. 

47 .3 .4 .3 .  Stra tegy  o f  M H V  Harves t  and 
Div i s ion  o f  M H V  8 Versus M H V  4a Branches  

In our experience, the concept favouring the inclusion 

of the middle hepatic vein with the right liver graft by 

employing the "carving" transection technique offers 

the major advantage of optimal venous drainage in both 

lateral and medial area of the graft, while preventing 

severe tissue congestion in the remnant liver due to 

inadequate drainage in it's "marginal zone" (segments: 

IVa/b). The donor outcome shows no reproducible 

disadvantage of the MHV inclusion with the right graft, 

underscoring the fact that the remnant is more resistant 
than the graft due to the absence of PV hypertension in 

the donor. Moreover, the arterial perfusion can tempo- 

rarily compensate for such deficiencies, as shown in 

CT controls obtained on postoperative follow up. 

HepaVision software allows for the simulation of 

graft hepatectomy conducted on a 3-D liver model by 

following different liver partition types. Thanks to the 

additional display of venous trees and territories deri- 

ved from the donors CT image data, exceptionally dif- 

ficult operative steps, such as the "carving" transection, 
can be precisely planned and rehearsed in advance, 
making potential pitfalls more predictable. This allows 

excellent extrapolation of preoperative virtual surgery 
in the actual in situ situation. 

Our concept of stepwise parenchyma transection 

according to "carving technique" for right graft hepate- 

ctomy entails (fig. 47.39 a-f): 

- entrance into the corridor of "MHV-branching out", 

- reaching of the "MHV crotch", 

- following the course of the MHV-trunc, 

-divis ion of MHV trunc and harvest of MHV 8 versus 

MHV 4a tributaries. 

In the "virtual" pre-operative and subsequently "real" 

intra-operative situations, the transection line is deter- 

mined by initially simulating the Pringle demarcation 

line (right sided PV/HA clamped) and identifying the 

course of the middle hepatic vein in conjunction with 

the Pringle line, using ultrasound examination. While 

distinguishing the anatomical (right vs. left) MHV "be- 

longer" pattern (fig. 47.40 a-b), the anatomical rela- 

tionship of MHV tributaries from segments 8/4a and 

5/4b must also be recognized. It will influence the le- 

vel of the subsequent MHV division. However, while 

the transection line is being established, strong dispari- 

ty between inflow and outflow oriented boundaries 

should be avoided, in order to minimize the volumes 

at risk (ischemia and congestion) along the transection 
surface of the graft and remnant livers. 

Step 1. The entrance into the corridor of "MHV- 

branching out" between the liver margin and the MHV 

crotch can be determined, after have been marked: 

- posterior boundary of parenchyma transection by right 

paracaval incision between: R H V -  confluence and 

the caudate lobe, 
-"caudate incisional-notch" within right sided hilar 

plate, 
- transection line at the hilar surface of the liver by in- 

cision between the right sided hilar plate (already di- 

vided) and the anterior liver margin, through the 

gallbladder fossa (mostly running, within its left part 

or along its left boundary), 

- Pringle demarcation line by right sided PV/HA clam- 

ping, 
- course of the middle hepatic vein - projected on the 

diaphragmal surface of the liver using ultrasound exa- 

mination, 
-MHV crotch place - identified using ultrasound exa- 

mination, 
- course of MHV branches arising from the crotch-point 

away to segments: 5/4b - projected on the diaphrag- 

mal surface of the liver using ultrasound examination. 

On the base of these preliminarly prepared landmarks, 

the course of the transection line can be continued on 

the diaphragmal surface of the liver, from the anterior 

liver margin to the MHV crotch-point, by passing a 

"narrow" window between the MHV branches to seg- 

ments 5 and 4b, which are characterised by strongly 

diverse course. 

The 3-D visualisation not only provides a better re- 

cognition of this "tricky" MHV anatomy, particularly at 

the crotch place but, thanks to the information derived 
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Fig. 47.39. a-f: Malago partition, 3-D reconstruction of the "carving" technique for right graft hepatectomy, 
entrance into the "corridor of MHV branching-out" (a), reaching of the "MHV-crotch" (b+c), 

following the course of MHV-trunc (d+e), division of MHV trunk and harvest of MHV8 versus MHV 4a tributaries (f). 
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Fig. 47.40. a-b: 3-D reconstruction of the anatomical MHV belonger patterns: right sided type (a) versus left sided type (b), 
assigning the course of MHV in relation to the Pringle demarcation line, cranial view, right hemiliver (cyan), 

left hemiliver (purple), RHV (blue), MHV (yellow), LHV (red). 

from the territorial mapping ("fishbone map") it also 

provides an excellently assist for reaching the proper 

decision on the most optimal course for parenchyma 

transection within the MHV-corridor (fig. 47.41 a-g). 

Steps: 2 and 3. After reaching the "MHV-crotch", 
usually the MHV branches to segment 4b are ligated, 
and the MHV trunk is exposed. Due to the exceptional- 
ly high fragility of the MHV, it is of paramount impor- 
tance not to damage the vein during the further disse- 

ction, to obviate severe bleeding. In this step, the pla- 

ne of liver transection follows exactly the course of the 
MHV trunk, leaving its left-sided border exposed on 

the transected surface of the right liver graft. The MHV 
is almost always completely taken with the graft. In 

every instance, the MHV is initially identified by intra- 
operative ultrasound examination and subsequently 
"carved" out of the surrounding remnant liver paren- 
chyma. The line of parenchyma transection on the dia- 
phragmatic surface of the liver, lies exactly between the 
Pringle decolorisation-line and the "ultrasound-proje- 

ction"-line of the MHV trunk, consistently tracing the 

virtual "avascular" hemiliver boundary. Thus, the assig- 

ned "carving" transection plane extends between the 

MHV trunk, being present deeply within the liver pa- 

renchyma and that "virtual hemiliver boundary"-line 

on the diaphragmatic surface of the liver. The real de- 

gree of "concavity" on the transection surface of the 

graft (vice versa: "convexity" on the remnant site) dif- 

fers individually and depends on the anatomical MHV 

"belonger" pattern, which determines the width of the 

"virtual" strap between the Pringle decolorisation-line 

and the "ultrasound-projection"-line of the MHV trunk 

on the diaphragmatic surface of the liver. 

In case of left graft hepatectomy assigning the MHV 

trunk to the donor, the approach and dissection of the 
MHV is exactly mirrored, leaving the right sided MHV 

border exposed at the transection surface of the liver 
graft. 

Because the MHV trunk lies in the posterior 1/3 of 
liver parenchyma, it is of enormous help to curry out 

the surgical dissection posteriorly in conjuction with the 

MHV course, passing both the MHV corridor from the 

hilar surface of the liver down to the crotch and subse- 

quently "carving out" the MHV trunk from the paren- 
chyma along the transection surface up to the con- 
fluence with LHV. 

Step 4. Our strategy of MHV division and harvest 
of MHV 8 vs. MHV 4a tributaries depends on three 
preconditions: 

- anatomy of the confluence MHV/LHV, 

- anatomical MHV 8 vs. MHV 4a relationship, 

- territorial MHV 8 vs. MHV 4a relationship, 

- territorial MHV 4a vs. LHV 4A relationship. 

According to these principles, the level of division of 

the MHV trunk depends on the anatomical configura- 
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Fig. 47.41. a-g: Malago partition, 3-D reconstruction of the "car- 
ving" technique for right graft hepatectomy, different course of 
the "virtual" transaction line on the diaphragmal surface of the liver 
between the anterior liver margin and ICV confluence. RHV (blue), 
LHV (red). 

tion of MHV branches to segment 4a vs. segment 8 as 

determined by their site (level) of confluence into the 

MHV trunk, as well as on the volume of their drainage 

territories. Additionally, the territorial relationship bet- 

ween MHV 4a tributary and LHV 4a plays another es- 

sential role in reaching this decision. Thus, MHV 4a tri- 

butaries can be either sacrificed or preserved on an in- 

dividual basis, depending on the impact of the volume 

of LHV 4a, MHV 4a, or MHV 8 on the remnant liver vo- 

lume and on the graft itself. The anatomy of the con- 

fluence MHV/LHV is often not important for this deci- 

sion. However, in cases when the MHV discharges into 

LHV distally from the confluence or vice versa there is 

a connection between the umbilical vein and the MHV 

trunk, lower than the confluence level of MHV/LHV; 

the distal MHV trunk is divided, leaving a "long" stump 

in the remnant liver, to secure its venous outflow. 

Based on these findings, three possible situations 

are anticipated in the 3D liver model: 

MHV type  1: The middle hepatic vein can be diss- 

ected proximally to its confluence with the LHV, divi- 

ded at this level and retained entirely with the right li- 

ver graft, leaving "no" stump in the left remnant liver. 

In such cases, the MHV 4a tributary is sacrificed, the 

MHV 8 branch is always procured en block with the 

MHV, and the MHV is kept with the right liver graft. 

MHV type  2: The middle hepatic vein is divided 

somewhat distally from, but still close to, its confluen- 

ce with the LHV, leaving a "short" stump in the left 

remnant liver. In such case, the MHV 4a tributary is 

either sacrificed or preserved, while the MHV 8 branch 

is always included with the right liver graft and harve- 

sted "en bloc" or separate, depending on the level of 

its junction with the MHV trunk. 

In cases of MHV types 1 and 2, the middle hepatic 

vein has been entirely retained with the right graft. 

MHV type  3: The middle hepatic vein is divided 

far distal to its confluence with the LHV, leaving a fair- 

ly "long" stump and retaining the distal MHV trunk with 

the right liver graft. This is happening case when the 

junction of the 4a tributary with the MHV trunk is en- 

countered distally to that of the segment 8 tributary. For 

donor safety, it is indispensable such MHV 4a branch 

to remain preserved on the MHV stump in the left rem- 

nant liver, while segment MHV 8 branch must be sepa- 

rately reconstructed by a "blanket"-shaped grafting. 

In case of MHV types 3, the middle hepatic vein is 

incompletely retained with the right graft. 

When the left liver graft is transplanted, the entire 

MHV is always retained with the graft and divided at 

the level of confluence with the LHV. 

Contradictive to our "flexible" policy, aiming at the 

individually adjusted harvest of MHV 4a tributaries in 

the right graft ALDLT, is the concept proposed by the 

Hong Kong-group, favouring the compulsory preserva- 

tion of MHV 4a branches in the remnant liver, in order 

to secure the venous outflow in segment 4a, taking into 

account the inevitable deprivation of MHV drainage to 

segment 4b during right graft hepatectomy [43]. 

47 .3 .4 .4 .  "Common Out f low Reconstruct ion" 
an Original Strategy 

There is still no consensus agreement on the optimal 

type of reconstruction of tributaries of the MHV in ei- 

ther graft or remnant livers [43]. However, reports de- 

scribing the dangers associated with small-for-size grafts 

and portal hyper-perfusion remind us of the importan- 

ce of adequate venous drainage in the medial area of 

the graft [ 18-19, 28, 42 ]. 

Initially, efforts were aimed at optimizing arterial 

and venous inflow to the graft [21-22]. Our experien- 

ce, as well as that of others, showed that the concept of 
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venous outflow was of equal if not greater, importance 

[18, 28-29, 43]. Nowadays, it is generally known, that a 

perfect venous outflow is the most important prerequi- 

site in alleviating a SFS-injury in the graft. Thus, despi- 

te different technical considerations, there is a consen- 

sus agreement that adequate venous drainage is essen- 

tial to optimize the viability of both graft and remnant, 
thus diminishing the risk of graft loss in the recipient 

and death in the donor [1,18,43]. 

We principally dismiss concepts preferring mani- 

pulation of inflow, without addressing appropriate out- 

flow management. Based on the concept of right liver 

graft containing MHV, we developed our own strategy 

of venous outflow management in the graft [10]. Our 

original approach strictly reclining on our new surgical 

technique of parenchyma transection ("carving techni- 

que"), secures venous outflow in both medial and late- 
ral areas of the graft and follows the principle of a "lar- 

ge" common outflow tract reconstruction, by means of 

"blanket"-like venous interposition grafting, that is ana- 

stomosed into a wide triangular opening on the ante- 

rior wall of the IVC, as published by Malago et al. [19]. 
The "virtual" surgery planning, offered by HepaVi- 

sion, permits the recognition of principally three types 

of venous reconstruction, which have to be taken into 

account if the right liver graft is donated: 

-middle hepatic vein (MHV), or/and its branches to 

segments: V and VIII (MHV 5 vs. MHV 8 tributaries), 

-right hepatic vein (RHV), or/and its branch to seg- 
ment VII (RHV 7 tributary), 

- inferior (accessory) hepatic veins (IHV), mostly drai- 

ning the lateral sector of the graft. 

The decision on the appropriate venous outflow recon- 

struction in the right liver graft scrutinies following 

questions: 

- w h e n  should MHV tributaries from segment 5 and 8 

(MHV 5 and MHV 8) be reconstructed, if MHV re- 

tains with the remnant liver? 

- when should IHV (if present) be reconstructed? 

-wh ich  type of outflow reconstruction is optimal in 

the individual situation? 

The management of tributary veins draining the "mar- 
ginal zone" (medial area) of the right liver graft is usual- 

ly much more challenging than the reconstruction of the 

inferior hepatic veins (IHV). 

The common criteria for IHV reconstruction in such 

circumstances are [9]: 

- cross-sectional diameter > 5 mm, 

- adequate IHV distance from the RHV along the IVC, 

- a positive "backflow"-test. 

However, IHV branches smaller than 5mm in diameter 
may provide a significant and independent venous drai- 

nage of segments VI or VII, particularly in cases with 

portal vein trifurcation, which can alter the classical se- 

ctorial mapping, due to atypical segmental shift. There- 

fore, in such cases, reconstruction of IHV should be 

considered. 

When compared with the conventional strategy of 

venous outflow management in the right liver graft, the 

" blanket "-outflow grafting bears the following advanta- 

geous qualities: 

-"large" common outflow tract provides equally suffi- 

cient draining of the RHV and MHV territories, irre- 

spective of the dominant relationship between RHV/ 

MHV in the right hemiliver graft, 

-veno(septo)plasties between RHV/MHV (sometimes 

additionally including: MHV 8 and IHV branches), 

which can lead to narrowing and/or occlusion of 

veins, are principally dispensable, 

- n u m b e r  of openings created in the blanket-graft for 

linking together venous orifices of RHV, MHV, as 

well as MHV 5/8 tributaries and IHV branches, is not 

limited, 
-"blanket"-shaped outflow conduit can act as a "sprin- 

ging pillow" and sufficiently "buffer" graft malposi- 

tions, due to a "graft-hypertrophy"-movement, and 

thus effectively prevents kinking, twisting and com- 

pression on the venous outflow orifice, as well as the 

associating severe congestive derangement. 

Having considered different structural and technical 

variations of the blanket graft, we developed the fol- 

lowing classification scheme. 

T y p e s  I-IV: number of vein orifices within the blan- 

ket graft. 

T y p e s  x /y :  IHV included or not in the blanket graft. 

T y p e s  a-e:  MHV 5 or/and MHV 8 tributaries sepa- 

rately included or not in the blanket graft. 

Classification of the blanket vein graft according to 

Malago. 
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• Type I: Blanket including I x hole orifice. 

• Type II: Blanket including 2 x hole orifice. 
• Type III: Blanket including 3 x hole orifice. 
• Type IV: Blanket including > 3 x hole orifice. 
• Type x: IHV included in blanket graft. 
• Type y: IHV not included in blanket graft. 

• Type a: MHV 5 tributary separately included into 
blanket graft by additional jump graft. 

• Type b: MHV 8 tributary separately included into 
blanket graft by additional jump graft. 

• Type c: MHV 5 and MHV8 tributaries separately in- 
cluded into blanket graft by additional jump 

graft. 
• Type d: MHV 5 and MHV8 tributaries not separately 

included into blanket graft by additional jump 
graft. 

• Type e: other MHV/RHV tributaries separately inclu- 
ded into blanket graft by additional jump graft. 

The conceptual differences in the outflow manage- 
ment of the right liver graft, between Essen -and Hong- 
Kong- programs [26,43,47], have been delineated in 

the table 47.6. 
The superiority of our outflow management concept 

lies in its universality and roboust efficacy allowing a 
wide applicability, irrespective of the individual venous 
graft anatomy and yielding a satisfying long term patency. 

Our strategy of stepwise outflow reconstruction in 
right liver graft comprises: 

Phase I: (fig. 47.39-47.41) liver partition in the do- 
nor, performed according to the "carving" technique. 

It determines, whether MHV should be included in- 
to graft or alternatively its branches to segments V and 
VIII must be separtately reconstructed in the recipient. 
Additionally, it enables for the procurement of MHV 8 
tributaries at different levels of MHV confluence. Con- 
sequently, there is a different number and localisations 
of venous stumps (openings) encountered on the trans- 
action surface. 

Phase II: outflow reconstruction in the graft con- 

ducted by creating a blanket-shaped venous interposi- 

tion graft on the bench table. 
By using alloplastic venous material (blood group 

compatibility mandatory), obtained from our tissue bank, 

an appropriate interposition graft is tailored as follows: 

• determination of the size and shape of the blanket 

must always assure, that, 

• size of each blanket-border is exactly adjusted to the 
intended IVC opening in the recipient, 

• length of each blanket-borders generally exceeds tho- 

se of triangular IVC "window" by approx. 25-30%! 
• particularly the left-sided anterior border of the blan- 

ket should be adequately sized for a sufficient cove- 
ring of the left-sided diagonal border of triangular 

IVC "window", 
• optimal topographic relationship of all venous orifi- 

ces within the blanket is determined, 
• veno(septo)plasty is always preliminarily performed 

(if advantageous), to reduce the number of venous 
orifices within the blanket, 

• all venous stumps on the transection surface of the 

graft have been eventually sewn into the blanket at 

the prepared orifice places. 

Phase III: Anastomosis between blanket graft and 

IVC opening in the recipient is conducted under a total 

proximal/distal cava clamping. 

The graft implantation is done by performing an 
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anastomosis between the blanket graft and a wide trian- 

gular opening in the IVC. The septa between RHV/MHV 

and MHV/LHV confluence stumps are divided and fu- 

sioned into a large horizontal slot. For the IVC windo- 

wing, a wide venotomy of its anterior wall is utilised, 

extending from the confluence level, downwards well 

above the level of the renal veins. 

• triangular IVC window delineates: 

• upper horizontal border, a large horizontal slot, crea- 

ted by fusioning RHV/MHV/LHV confluence stumps, 

• diagonal borders, extending proximally from the le- 

vel of HV-confluence and distally well above the le- 

vel of the renal veins or the intended IHV-replan- 

tation site with the distal IVC, 

• triangular IVC opening should be designed shorter 

in the vertical -and longer in horizontal- diameters, 

especially when a separate IHV anastomosis with the 

distal IVC is required, in order to keep the distal 

triangle-spike far above the intended IHV/IVC ana- 

stomosis, 

• MHV orifice should be positioned as cranially to the 

RHV orifice as possible, 

• this special situation requires exact adjustment of 

size and length of the blanket borders to the triangu- 

lar IVC opening, that has to be "stretched" particular- 

ly into its horizontal diameter 

• especially left-sided anterior border of the blanket 

should be designed accordingly larger, 

• veno(septo)plasty of the RHV/MHV is reasonable, to 

form a single venous orifice within the blanket, for 

keeping the distance between RHV/MHV stumps 

short (always preferential), 

• in case of the need to restore segments V and VIII 

venous drainage in the right liver graft not contai- 

ning the MHV, separate "jump grafts" from MHV 5 

and MHV 8 tributaries are employed to join the com- 

mon blanket orifice, thus establishing the continuity 

of venous drainage in the marginal area of graft. 

The conduction of the anastomosis between the blan- 

ket graft and the triangular IVC opening is performed 

in a stepwise fashion as follows: 

• preliminary placement of holding stitches in all cor- 

ners of the triangular IVC window, 

• performance of running stitches: one after another, 

• firstly: restoring the right sided diagonal border of 

IVC triangle, starting from the right proximal corner 

downwards to the distal triangle spike, 

• secondly: restoring the upper horizontal border star- 

ting from right to the left corners, 

• finally: restoring the left sided diagonal border start- 

ing from the distal triangle spike upwards to the left 

upper corner. 

Phase  IV: separate clamping of the created ve- 

nous outflow conduit, at the same time releasing of the 

proximal/distal caval clamps. 

47.4. Conclusion 

HepaVision software based on the "all in one" CT proto- 

col proved to be a feasible and robust concept of CASP, 

enabling comprehensive evaluation of donor candida- 

tes in a single non invasive diagnostic fashion. The "vir- 

tual simulation" and "computed risk analysis", offered 

by HepaVision are a consistent concept of preoperati- 

ve analysis, which has revolutionised the approach to 

surgery planning in ALDLT. 

Our experience has shown that the use of computer 

technology in the preparation of ALDLT offers the fol- 
lowing advantages: 

- i t  reliably improves preoperative evaluation by en- 

hancing the surgeon's anatomical and physiological 

knowledge of the individual donor, 

- it increases the confidence of the surgical team when 

performing the graft hepatectomy and the subsequent 

graft implantation in the "real situation". 

Consequently, by virtue of these features a high degree 
of donor safety can be achieved, while the recipient 

outcome can also benefit. Donor safety in particular 

benefits from the use of CASP in the preoperative eva- 

luation. In this respect, the precise anatomical and fun- 

ctional volume calculation seems to be a key point, 

since the donor rejection rate resulting from inadequa- 

te graft/remnant liver volumes is substantial. Finally, 

correct MHV management and the 3-D visualisation of 

the bile duct anatomy are conceptual essentials in the 

preoperative decision making. 
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47.5. OutlOOk 

Methods for computer assisted operation planning 

(CASP) in liver surgery, developed so far, are not fully 

adapted to the characteristics of living donor liver 

transplantation. For example, neither the segmental 

classification of smaller branches, in particular the he- 

patic arteries and bile ducts, nor the precise estimation 

of the individual vascular/biliary territories has yet 

been satisfactorily established. 

Due to the significance of smaller blood vessels, 

especially arteries and bile ducts, in the planning of li- 

ving donor liver transplantation, the development of 

more detailed algorithms for vascular segmentation is 

essential. Moreover, further developments in computer 

technology are required to make the software less sen- 

sitive and better compatible with routine CT protocols 

for commercial  use. 

While preoperative planning for ALDLT on the ba- 

sis of CT data is feasible, the evaluation of healthy and 

mostly younger donor candidates demands further ef- 

forts to integrate MRI technology in CASP, in order to 

relieve future live donors of the radiation dose. 

Another future - intended software application is one 

of more fundamental research, regarding liver regene- 

ration after ALDLT. By employing the newest compu- 

ted 3-D imaging technique that enables visualization of 

the vascular growth, the following aspects can be tar- 

geted: 

-analysis of neo-macro-angiogenesis with special fo- 

cus on the visualisation and quantification of the in- 

trahepatic vascular growth (increase in vessel length 

and diameter) in both donors and recipients during 

liver regeneration, 

- assessment of the "segment/territory-specific" rege- 

neration in relation to the vascular growth, with spe- 

cial focus on the "segmental/territorial competition 

in graft vs. remnant livers. 

These fundamental considerations can serve as a star- 

ting point for clinically relevant questions such as how 

a liver resection strategy can influence the regenera- 

tion and thus, which changes in preoperative planning 

can significantly contribute to the outcome of postope- 

rative regeneration. Therefore, various regeneration 

models should be identified allowing detailed analysis 

of the regeneration process on the basis of the preope- 

rative situation (e.g. SFS-situation, PHTN-condition), 

and the selected surgical technique (e.g. liver partition 

type, venous outflow sufficiency). 

47.6. Abbreviations 

CT: computed tomography; 
MRI: magnetic resonance imaging; 
TLV: total liver volume; 
TLW: total liver weight; 

GVBWR: graft volume body weight ratio; 
GWBWR: graft weight body weight ratio; 
ALDLT: adult living donor liver transplantation; 
MHV: middle hepatic vein; 

3-D: three dimensional; 

PHTN: portal hypertentsion; 

SFS: small-for-size; 
SLV: split liver volume; 

SFSS: small-for-size syndrome. 
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CONCLUSION 

C.E. Broelsch 

Liver transplantation is challenged by a shortage of or- 

gans and a prolonged waiting-list time. The large dis- 

parity between the number of available cadaver donor 

organs and recipients awaiting OLT has created an on- 

going debate regarding the appropriate selection crite- 

ria. Novel surgical techniques, including split cadaveric 

livers, LDLT, and broadening the donor criteria to- 

wards acceptance of marginal donors have been used 

as strategies in order to expand the donor pool. The 

appliance of Computer Assisted Surgical Planing in 

Adult Living Donor Liver Transplantation represents a 

real challenge for transplant surgeons to perform a mo- 

dern operation with high standards of safety for donor 

and recipient. 

HCV has become the leading indication for cada- 

veric transplantation and LDLT in the United States, 

accounting for approximately 50% of all cases. More- 

over, the number of patients with HCV cirrhosis conti- 

nues to increase [1-2]. There is ongoing research aiming 

to define host or viral factors that predict recurrence, 

the impact of immunosuppressive regimens, and the 

appropriate timepoint and close for antiviral treatment. 

Due to the availability of antiviral drugs, the survi- 

val of patients undergoing OLT for HBV infection has 

dramatically improved and has become comparable to 

or even better than the survival of patients with non- 

virus-related liver diseases [3]. 

Data relating to the frequency of disease recurrence 

in cholestatic and autoimmune liver diseases vary wi- 

dely in the literature, but excellent medium-term and 

long-term results have been reported. 

Recent alcohol abuse is a contraindication to liver 

transplantation and most centers require 6 months of 

documented abstinence prior to OLT. Patients trans- 

planted for alcohol-related liver damage experience 

fewer episodes of acute cellular rejection and chronic 

ductupenic rejection after liver transplantation than 

patients transplanted for non-alcoholic liver disease [4]. 

Liver transplantation in HCC patients provides ex- 

cellent outcomes and low recurrence rates applying 

the Milan criteria. Living donation to transplant reci- 

pients with HCC who exceed the Milan criteria has been 

discussed controversially. CCC (Cholangiocellular Car- 

cinoma) represents a contraindication for transplanta- 

tion, except for highly selected cases with very early st- 

age of disease. Combination with neoadjuvant chemoir- 

radiation may further improve results after OLT. 

Due to excellent short-term outcome after liver 

transplantation, attention has shifted to reducing long- 

term complications. Cardiovascular comorbidities due 

to metabolic complications, such as diabetes mellitus, 

dyslipidemia, obesity, and arterial hypertension, ac- 

count for 30-70% of long-term morbidity. Chronic re- 

nal insufficiency appears in 50-80% of patients during 

long-term CNI therapy. Immunosuppressive drugs with- 

out renal side-effects, such as MMF and SRL, have been 

used increasingly as renal-sparing agents. The need for 

immunosuppression has to be balanced against drug- 

related side-effects. Possible routes to clinically rele- 

vant immune tolerance may include the application of 

tolerance-inducing immunotherapy, with or without 

low dose conventional immunosuppressants. 
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Anti-thymocyte globulin 564 
Aortic patch 538 
Apoptosis 122 
Aprotinin 545 
Arterial anastomosis 541,543 
Arterial ketone body ratio 362 
Artery 

- c e l i a c  trunk 22 
- common hepatic 22 

- cystic 22 
- gastroduodena122 
- hepatic 22 
- l e f t  gastric 22 
- l e f t  hepatic 22 
- mesenteric 22 
- middle hepatic 22 
- proper hepatic 22 

- retroduodena122 

- r i g h t  gastric 22 

- r i g h t  hepatic 22 

- splenic 22 

- superior mesenteric 22 

- supraduodena122 

Ascariasis 74 

Ascaris lumbricoides 99 
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Ascites 128 

Aspergillus 562 

Atresia  ductal 8 

A u t o i m m u n e  Hepati t is  570 

A u t o i m m u n e  sclerosing pancreati t is  249 

Auxiliary t ransplantat ion 533 

B 

Bacteriobilia (bactebilia) 152 

Balloon catheters  - Gruntzig type 87 

Balloon hydrostatic 93 

Basiliximab 562, 564, 

Bench 538 

Benzodiazepines 127 

Bile 61 

Bile canaliculy 8 

Bile duct cancer 279 

- classification of 283 

- e n d o s c o p i c  stenting 283 

- investigation of 283 

- palliative m a n a g e m e n t  289 

- risk factors 279 

- surgical t r ea tmen t  of 285 

Bile duct hamar tomas  73 

- injury 308 
- injury - iatrogenic 170 

- injury- prevent ion techniques 160 

- l e a k 9 6  

- stricture 308 
Bile duct stricture - Bismuth classification 308 

Bile duct(s) 6 

Bile stasis 72 

- bile acids 61, 63 
- bilirubin, bilirubin metabol ism 61 

- composi t ion 61 

- electrolytes 61 

- lecithin 61 

- salts 61 

Biliary anastomosis  541, 551,565 

Biliary atresia 135,529, 531 

- c l a s s i f i c a t i o n  of 136 

- m a n i f e s t a t i o n  of 136 

- surgery 137 
Biliary cys tadenoma 76 

- ducts 6 

- fistula 164, 243 

- l e a k a g e  96, 159 

- obstruction 96 

- parasitosis 74 

Biliary reopera t ion  239 

- biliary stricture 239 

- cystic duct syndrome 239,241 

- recurrent  stones 239 

- re ta ined stones 239 

Biliary scintigraphy 80 

- stenting 286 

- strictures 91 

Biliary strictures 

- benign 93 

- in chronic pancreati t is  103 

- parasitic infestations 99 

- primary sclerosing cholangitis 97 

Biliary t ree-ana tomy 10 

Bilioenteric anastomosis  587 

Bilioenteric communica t ion  69 

Bilirubin 531,554, 561,562, 580 

Biopsy, liver see liver biopsy 

Biphosphonate  565 

Blanket  technique 552 

blood vessel injuries 173 

Blunt hepatic injuries 45 

Brush cytology (at ERCP) ,  pr imary sclerosing cho- 

langitis 97 

Budd-Chiar i  syndrome 570 

C 

Cadaveric donor  547 

Cadher in  564, 572 

Calcineurin-calmodulin complex 584 

Callot triangle 15, 35 

Candida  tit ter (AGAC)  560 

Cantlie line 9, 14, 595,613,614 

Carbon- 13-Caffeine 349 

Carving technique 550 

Catheters-bougie  type 88 

Catheters-cannula t ion  88 

Caudate  lobe anatomy 27 

Caudate  lobe 587, 590, 594 

Caval anastomosis 541 

Centrolobular  necrosis 582 

Cerebral  edema  128 
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Chemo-irradiat ion 572 

Child-Pugh classification 340, 358, 531 

Cholangicarcinoma 

- ante situm 377 

- e x s i t u  377 

- extrahepatic 76 

- hepat icojejunostomy 373 

- in situ resection 377 

- intraoperative management  378 

- liver resection 373 

- lympadenectomy 377 

- peripheral  73 

-P r ing le  manoeuvre  376 

- repeated hepatectomy 378 

- resection of hilar bifurcation 373 

-vascu la r  occlusion 376 

- vascular reconstruction 375 

Cholangiocellular carcinoma 531,572 

Cholangiography 

- intraoperat ive 160, 161 

- Magnetic resonance (MRC)  297 

- percutaneous transhepatic (PTC) 297 

- in open cholecystectomy 165 

Cholangiolithiasis 90 

Cholangitis 75, 96, 139, 253 

- Recurrent  pyogenic 76, 256 

- Suppurative 253 

- Suppurative - antibiotics in 255 

- Suppurative - infective organisms in 253 

- pyogenic 72 

Cholecystectomy, open 165 

Cholecystitis emphysematous  69, 71 

- gangrenous 71 

- hemorrhagic  71 

- xanthogranulomatous  71 

-acu te  150 

-chronic  149 

Cholecystocholedochal  fistula 243 

Cholecystokinin 62 

Cholecystostomy 165 

Choledochal  cysts 102, 310 

-classif ication 143, 144 

- common channel 143 

- i n  adults 246 

- in children 143 

Choledochocholedochostomy 545 

Choledocho-duodenos tomy 210, 304 

- indications 304 

- technique 305 

Choledocho-je junostomy 211,544 

Choledocholithiasis 90, 152 

- CBD stones 193 

- choledochol i thotomy 205 

- choledochoscopy 201,208 

- C T  198 

- E R C P  199, 202, 204 

- incidence 194 

- Intraoperat ive cholangiography 200 

- Intraoperat ive ul t rasonography 201 

- laboratory studies 196 

- M R C P  198 

- pathogenesis 194 

- percutaneous extraction 204 

- preoperat ive cholangiography 199 

- PTC 200, 202 

- trancystic exploration 205 

Choledocholithiasis 

- t ransabdominal  ul t rasonography 196 

- t rea tment  202 

- T-tube cholangiography 202, 206 

Choledochoscopy in laparoscopy 223 

Choledochotomy 206 

Cholescintigraphy ( H I D A  scan) 80, 151,324 

Cholestatic Liver 570 

Cholesterol  63 

Choles terol -DNA mixture 442 

Cirrhosis, secondary biliary 124 

Classification 

- Cuinaud 28, 29, 30 

- G a n s  28, 29, 31 

- Heley and Schroy 28, 29 

- Hjortsjo 28, 29 

- Rex 28, 29, 35 

Clichy criteria 533,578 

Clonorchis sinensis 74, 99 

CNI - Immunosuppressive agent 562, 563,564, 569, 

CNI - Induced Nephrotoxicity 562 

Coagulat ion disorders 128 

Coagulative necrosis 368 

Coagulopathy 541,582 

Coil embolization 402 

C o m m o n  bile duct - exploration 205 

C o m m o n  bile duct blood supply - variations of 47 
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Common bile duct union - variations of 47 
Common bile duct variations 38, 39, 40 
Computed risk analysis 584, 596, 611 
Computed tomography 319, 453,454,458 
Computer Assisted Surgery Planning 579, 580, 583, 

585,589, 593,595,609, 611,613,615,621 
Congenital hepatic fibrosis 509 
Contrast agent 584 
Couinaud 539, 585,596, 601,604, 612 
CT 74 
CUSA367 
Cyclosporin A (CSA) 562, 563,564, 568, 570 
Cystadenocarcinoma 73 
Cystadenoma 508 
Cystic artery variations of 45 
Cystic duct 6 
Cystic fibrosis 531 
Cystohepatic triangle 15 
Cytokeratine 459 
Cytomegalovirus 560, 562, 564, 565,567 

D 

Daclizumab 562 
Damage control surgery on liver trauma 448 
Dentritic cell 443 
Diagnostic peritoneal lavage 451,455 
Disse spaces 10, 582 
Diverticulum (see embryology) 
DNA, plasmid 443 
Donor Operation 538 
Dormia basket 233 
DSA (digital subtraction angiography) 325 
D-sorbito1348 

- diverticulum hepatic 3, 17 
- d i v e r t i c u l u m  pancreatic (ventral-dorsal) 6 
- forgut 3, 4, 5 
- hepatic cord 5 
- hepatic mesoderm 3 
- hepatic plate 3 
- hepatic sinusoid 3 
- hepatic veins (see hepatic veins) 
- hindgut 3, 4, 5 
- intra, extraembryonic coelom 4 
- midgut 3, 4, 5 
- n e u r a l  crest 4 
- ompaloenteric vessels or vitelline vessels 17 
- pancreatic bud (ventral-dorsal) 7 
- somite 4 

Encephalopathy 128, 512, 513,514, 560 
Endocopic sphincterotomy 227, 229 
Endoscopic retrograde cholangiography (see ERCP) 
Endoscopic sphincterotomy 160 
Endoscopic ultrasonography - complications 115 

- in biliary strictures 114 
- i n  choledocholithiasis 112, 197 
- in papillary tumors 115 

Entecavir 570 
ERCP (endoscopic retrograde cholangiography) 87, 

459 
ERCP (endoscopic retrograde cholangiography) 

- complications 102 
Esophageal varices 534 
Eurotransplant International Foundation organ 

procurement system 532 
Everolimus 564 
Explantation 539 
External beam radiation 409 

E 

Echinococcus granulosus 100 
Embryology 3, 17 

- amnion 4 
- Arrantius duct 17 
- Cardinal veins 17 
- cloacal membrane 4 
- Cuvier duct 17 
- diverticulum cyctic 6 

Factor V 533,559 
Falciform ligaments 540 
Fasciola hepatica 74 
FAST 455 
Fentanyl 127 
Finger fracture parenchymal division (digitoclasy) 

301 
Fishbone map 603 
Fissures 25 
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Fistula biliocutaneous 69 

Fistulography 69 
Flow-hepatic blood 125 
Fluoroscopy 327 
Focal nodular hyperplasia 511 
F O L F O X -  FOLFIR1426 
Foramen epiploic (Winslow) 21 
FUDR (5-fluorodeoxyuridine) 458 

G 

Galactose clearance 349 
Galactosyl human serum albumin scintigraphy 343 
Gallbladder 6 

- polyps 70 
- ultrasonography 70 
- dysfunction 245 
- emptying 62 
- neurohormonal regulation 62 

Gallbladder cancer 76, 267 
- classification of 269 
- diagnosis of 270 
- pathologic types 268 
- prognosis 274 
- risk factors 267 
-surgical treatment 272 

Gallbladder perforation 172 
Gallstone disease 149 

- non-operative treatment 154 
- preoperative management 154 

Gallstone formation 63 
Gamma-glutamyl transpeptidase 561 
Gastrohepatic ligament 540 
Gene therapy, liver 441 
Gene therapy, liver-vectors 443 
Genetic Immunotherapy 445 
Genetic prodrug activator 445 
Gilbert's syndrome 64 
Glissonian capsule- system 14, 30, 32 
Gott shunts 539 
Graft volume body weight ratio (GVBWR) 552, 580, 

594, 595,611,613, 
Graft weight body weight ratio (GWBWR) 601 
Granulocyte colony stimulating factor 437 
Griggler-  Najar 66 

It 

Habbib ® 4x 368 

Halothane 533 
Harmonic scalpel 367 

HbeAg 569, 100 
HBV 531,534, 535,569, 570, 577, 578 

HCV 531,535,568, 569, 577, 578 

Hemiliver dominance 597 

Hemobilia 77 

Hemochromatosis 531,577, 578 

Hepatic arterial infusion 409 

Hepatic artery 538, 540, 543, 544, 549, 531,561,580, 

587, 590, 591,593,594, 612 

Hepatic artery anatomy - variations of 43, 44 

Hepatic artery ligation 462 
Hepatic artery thrombosis (HAT) 561,543,565 

Hepatic diverticulum (see Embryology) 

Hepatic fissures 25 

Hepatic mesoderm 3 

Hepatic resection laparoscopic - RF 371 

Hepatic veins anatomy - variations of 42 

Hepaticocholedochostomy 565 

Hepatico-jejunostomy 302, 565 

-Longmire procedure 308 

- Rodney-Smith procedure 307 

- indications 302 
- mucosa to mucosa anastomosis 304 

- technique 302 

Hepatitis B 531,534, 535,548,569,570, 578 

Hepatitis B immunoglobulin 569, 570 

Hepatitis B-gene therapy 446 
Hepatitis C 531,535,548,564, 568, 569, 577 

Hepatitis B & C-chronic viral 125 

Hepatitis C-gene therapy 446 

Hepatocellular adenoma 511 
Hepatocellular carcinoma 477, 531, 534, 535, 550, 

554,565,571,572 

Hepatocholedochal cyst 39 

Hepatocyte 10 

Hepatoduodenal ligament 561 

Hepatorenal syndrome 534 

HepaVision 584, 585, 587, 588, 590, 593, 595, 596, 

603,605,611,613,616, 621,623 

Hering canals 11 

Hilar cholangiocarcinoma 310 
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Hilar cholangiocarcinoma 
- Bismuth - Corlett classification 309 
- Left Tresegmentectomy 311 
- Right Tresegmentectomy 310 

Hilar dissection 299 
Hilar plate 531,580, 594, 616 
Hilar tumors 309 
Hippurate ratio 347 
Histoplasma 562 
HIV Cholangiopathy 250 
HLA570, 571 
Human immunodeficiency virus 531,578 
Hydatid cyst 471 
Hydrodynamic gene therapy 441 
Hyperfibrinolysis 545 

Iatrogenic bile duct injury, ERCP 94 
ICG R15 342 
ICG uptake rate 341 
Imaging, liver 317 

- angiography 325 
- colour duplex sonography(CDS) 319 
- C o m p u t e d  tomography 319 
- MR1322 
- PET scanning 324 
- plain x-ray 317 
- ultrasonography 317 
-virtual  hepatectomy 322 

Immunosuppression 562, 564, 591,570, 571,577 
In situ 547, 549, 595,605,616 
Indocyanin green retention 340 
Inferior (accessory) vein (IHV) 594, 597, 598, 600, 

601,602, 605,621,622, 623 
-reconstruction 601,605,621 

Inflammatory pseudotumor 250, 511 
Interferon (IFN)-alpha 535,569 
Intrahepatic biliary calculi 72 
Intraoperative cholangiogram 548,549 
Intraparencymal calcifications 72 

K 

Kaposi's sarcoma 577 
Kasai hepatic portoenterostomy 137 

Kasai hepatic portoenterostomy laparoscopic 138 
King's college criteria 533 
Klatskin tumors 72, 537 
Kocher incision 165 
Kuppfer cells 122 

L 

Lamivudine 535,569, 570 
Laparoscopic cholecystectomy 155 

- Complications of-bile duct injury 159 
- Complications of-bile leakage 159 
- Complications of-bleeding 159 

Laparoscopic cholecystectomy-intraoperative cho- 
langiography role 160, 161 

Laparoscopic complications 169 
Laparoscopic trancystic CBD exploration 219 
Laparoscopic transcholedochal CBD exploration 222 
Laser therapy 535 
Left hepatic artery 544 
Left hepatic duct 544, 590 
Left hepatic vein 544, 550, 587, 597, 599, 600, 602, 

607, 611,612, 615,618,620, 623 
Left liver remnant 550, 612 
Left portal vein 544 
Left triangular 561 
Ligaments 7 

- coronary 7 
- falciform 7 
- hepatoduodenal 7 
- hepatogastric (lesser omentum) 7, 20 
- left triangular 7 
- ligament round 7, 20 
- ligamentum teres 7, 20 
- right triangular 7 

Lipiodo1402 
Lithotripsy 103 

- for CBD stones 214 
- mechanical 231 
- shockwave 155,235 

Liver-failure, acute 128 
Liver haemangioma 508 
Liver injury scaling 453 
Liver regeneration 

- Co-mitogenic factor 382 
- E G F 3 8 2  
- T G F - a  382 
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Liver resection 

- cau t e ry  devices 302, 363,364 

- c l a m p  crushing 363,364 
-digitoclacy 301,363,364 
-dissect ing sealer 302, 363,364 

- for colorectal liver metastases 357 

- for hepatocellular carcinoma 358 

- harmonic scalpel 302, 363,364 
- indications 357 

- laparoscopic 364 

- laparoscopic - results 364 

- laparoscopic -  technique 364 
- Liver failure 360 
- neuroendocrine tumors 358 

- Octreoscan 359 

-p reopera t ive  evaluation 360 

- preventing liver failure 361 

- segmentectomies 361,362 
- technique 361 

- ultrasonic desiccation (CUSA) 302, 363,364 

-vascular  stapler 364 

- w a t e r  jet dissector 302, 363,364 
Liver Sectors-left lateral 299 
Liver 

- s e g m e n t  125 
- s e g m e n t  I125 

- segment II126 
- s e g m e n t  IV 26 

- s e g m e n t  V 27 

- s e g m e n t  V127 

- s e g m e n t  VII 30 
- s e g m e n t  VIII 30 

Liver tumors benign 507 
Liver 

- anatomy 17 

- function, preoperative assessment 339 
- innervation 25 

- l i g a m e n t s  (see also ligament) 19 
- lymphatics 25 

- nomenclature 28 

- reserve 124 

- surfaces 17 

Living related Transplantation 537 

Living-donor liver transplantation (LDLT) 529, 547, 

548, 531,553,554, 555,565,570, 571,572, 596 
Lobe 25, 26, 27, 30 

Lobules 10 

Loss of stones 172 

Lung metastases, R F A  427 

Lutska duct 13 

Lymphoproliferative disease 562 

M 

Makuuchi manoeuvre 607 

Makuuchi-shunts  607 

Malago manoeuvre 549, 605,606 

Malago partition 615,617 
Mayo model 531 
MCT/LCT fats 559 
Meconium 10 

M E L D  score 532, 535,578 

Mesentericoportal  system 561 

Mesentery (dorsa l -vent ra l )  7 

Mesh wrapping, liver t rauma 463 

Mesocaval shunt 553 

Metabolic liver diseases 531 

Methylprednisolone 561,590 
Microlithiasis 103 

Microsphere 410 

Microwave coagulation 409 

Middle hepatic vein 548, 549, 536, 583,585,596, 603, 

605,612, 613,614, 616, 620, 621,624, 625,626 
Milan criteria 535,554, 571 

Mirizzi syndrome 14, 70, 72, 152, 243 

Monoclonal antibodies 562 

Monoethylglycinexylide test 348 
Morison pouch 14 

M R C P  (Magnetic resonance cholangiopancreato- 
graphy) 227, 565 

MR1535,549, 579, 595,596, 612, 624 
Murphy sign 151 
Mutations 569 

Mycophenolate mofetil (MMF)  562, 563,590, 569 

N 

Neuroendocrine tumors 537, 572 

Nodular  regenerative hyperplasia 511 
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O 

Obstruction 96 

Oddi, sphincter of 100 

Omental  packing 462 

Oncolytic viruses 445 
Opisthorchis 73, 99 

Orthotopic liver transplantation (OLT) 529, 531, 

532, 534, 554, 562, 563,564, 590, 571,572, 577 

P53 suppressor gene 444 
Pancreatic duct leaks 103 
Pancreatic main duct anatomy - variations of 47 

Pancreatic stent, transpapillary 103 
Pancreatic strictures 103 
Pancreatitis acute 102, 153 
Pancreatitis chronic 103 
Papillitis 265 
Papillotomy 227 

Paracetamol intoxication 533 
Parasitic infections in biliary tract 99 
PEEP-ventilation 561 
PEI (percutaneous ethanol injection) 409 

Peliosis hepatis 512 

Percutaneous ethanol injection 535 
Percutaneous transhepatic cholangiography 81,565 
Perisinusoidal spaces (Disse) 10 

Phrygian cap 14 
Piggy back 541,544 
Polycystic kidney disease 510 
Polyvinyl alcohol particles 402 
Pontine myelinosis 559 

Portal embolization 345 

Portal hypertension 561,525,530, 531,579, 580, 582, 

583,593,611,623,624 

Portal hypertension after Kasai hepatic portoentero- 

stomy 139 

Portal triad 10 
Portal vein 559, 561,541,542, 544, 548, 549, 531,554, 

561,581,582, 590, 593,594, 612, 621,625 

Portal vein anatomy - variations of 41 

Portal vein embolization 

-chronic  liver diseases, and 391 
- complications 392 

- contraindications 390 

- future liver remnant  (FLR) 383 

- future liver remnant  volume (FLRV) 382 

- hepatectomy outcomes 390 

- indications 389 

- mechanism 387 

- microspheres 388 

- particles 387 

- total liver volume (TLV) 382 

Portal vein embolization (PVE) 381 

Portal vein quadrifurcation 386 

Portal vein trifurcation 386, 590 

Portal venography 327 

Portal venous variants 386 

Portal-femoro-axillary bypass 545 

Porto-arterial 580, 582, 583,612 

Porto-caval bypass 551 

Post - embolization syndrome 403 

Post-cholecystectomy symptoms 244 

Post-cholecystectomy syndrome 241 

Posterior sector 549 

Primary biliary cirrhosis (PBC) 531,570 

Primary non functioning graft 561 

Primary non functioning graft (PNFG) 561 

Primary sclerosing cholangitis 97, 260, 531,564, 570, 

571,560 

Pringle maneuver 301,363,428, 606, 607 

Procurement and Transplantation Network (OPTN) 

532 

Propofol 126 

Prostaglandins 559 

Prothrombin 531,580 

Pseudocyst ,  pancreatic 103 

PTC 544 

Pulmonary arterial pressure 559 

R 

Radiofrequency ablation 535 

Radiofrequency ablation (RF-ablation) 421 

- complications 428 

- local recurrence after 429 

Radiofrequency for liver resection 367 

Recipient Operation 539 

Resection, hepa t i c -  outcome 349 
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Retained stones 

- incidence 216 
- management 216 

Retrohepatic vena cava 537, 539, 561,541 
Retroviruses 443 
RF, liver resection - inLineTM 370 

- generator 368 
- liver resection conclusion 372 
- liver resection results 370 

Ribavirin 569 
Right hepatic artery 544, 549,593 
Right hepatic duct 544, 548, 594 
Right hepatic vein 549, 550, 587, 594, 597, 600, 601, 

602, 605, 606, 607, 609, 613, 615, 616, 621, 622, 
623 

Roux-en-Y 544, 531 

Santorini duct 10 
Sarcot's triad 153,253 
Sclerosing cholangitis 74, 75, 97 
Secondary sclerosing cholangitis 260 
Secretin 62 
Sectoral ducts 38 
Sectors 

- left paramedian 299 
- right lateral 299 
- right paramedian 299 

Segments, of liver 539, 547, 548, 583, 584, 585, 590, 
596,601,604, 612, 613,614, 616, 621,622, 623 

Seldinger technique 539 
Serolimus (SRL) 564 
Shunt- hepatopulmonary 412 
Sinosoid 10 
Sirolimus 564 
SIR-spheres therapy 410 
SIRT (Selective Internal Radiation Therapy) 397, 

409 

Small for size 531, 580, 582, 596, 625 

Small for size graft 580, 581,582, 583,590, 594, 595, 

596, 600, 611,612, 614, 621,624 
Small for size-injury 580 

Small for size-situation 580 

Small for size-syndrome 580 

Sphicterotomy 208 

Sphincter ofbile duct 14 

Sphincter of Oddi 14, 97, 234,235 

- dysfunction of 565 
Sphincter of pancreatic duct 14 
Sphincteroplasty 230 
Sphincteroplasty balloon 230 
Sphincterotome 87 
Sphincterotomy complications 228 
Spighelian lobe (caudate lobe) 21 
Spincterotomy 227 
SPIO (supramagnetic iron oxide) 323 
Splachnic hypoxia 122 
Splenic vein 542 
Split liver graft 544 
Split liver transplantation 537, 547, 625 
SRL564, 565 
Standard liver volume ratio (SLV) 548,580, 594, 595 
Steatohepatitis 531 
Stem cells, hepatic stem cells 11,433 -438 
Stent metal 298 
Stent plastic 298 
Stones 90 
Sulcus sagitta121 
Sump syndrome 96 
Swan-Ganz catheter 559 

Tacrolimus (TAC) 529, 562, 542, 564, 568,569, 570 
T-cell 443 
Three dimentional images - analysis 336 

- c l i n i c a l  application 334 
- d a t a  processing 336 
- in LDLT 334 
- in oncologic resections 334 
- navigation 337 
- softwares 337 
- technique 336 
- training 335 
- visualization 336 

Three dimentional images (3D) 333 

Thrombelastogramm 545 

TIPS (transjugular portosystemic shunting) 325,326 
Todani classification 40, 143 

Total liver dominance 597 

Total liver volume (TLV) 585, 595,597, 612, 624 
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Total liver weight 624 
Transabdominal ultrasonography 69 
Transarterial chemoembolization (TACE) 392, 397, 

535 
Transarterial chemoembolization (TACE) -compli- 

cations 405 
Transjugular intrahepatic portosystemic shunts (TIPS) 

534 
Trans-metastasis hepatectomy using RF 371 
Trauma, liver trauma 451 
Trimethadione 349 
T-tube 544, 531 

U 

Ultrasonographical anatomy 49 
Ultrasonography 

- endoscopic in choledocholithiasis 111 
- intraoperative 49 

United Network of Organ Sharing 532 
Ursodeoxycholic acid 102, 245 

V 

Variations-congenital of extrahepatic biliary tree 162 
Vascular endothelial growth factor (VEGF) 564 
Vasoactive Substances 559 
Vein- diaphragmatic 24 

- gastric 24 
- hepatic 24 
- inferior mesenteric 24 
- inferior vena cava 23, 24 
- jugular 24 

- mesenteric 24 
- m i d d l e  hepatic 24 
- portal 24 
- splenic 24 
- superior mesenteric 24 
- umbilical 24 

Vein-short hepatic (first group, second group) 24 
Vena cava 23, 24, 537, 559, 539, 541, 544, 545, 551, 

614 
Veno(septo)plasty 623 
Venous outflow protection 603 
Veno-venous bypass 539, 561, 541, 551 
Veress needle 161 
Viral markers 560 
Viral, non-viral vectors 443 
Virtual 3-D simulation 584 
Volumetry, of liver 348 
Von Meyenburg complex 509 

W 

Waiting-List 534, 535 
Wallstent 95 
Waterjet dissectors 550 
Whipple operation 537 
Wilson's disease 531,577, 578 
Wirsung duct 10 
Wound complications 160 

Y 

Yolk sack 3 
Yolk stalk 3 
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